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Yruvlw}hqghu= Suri1 Gu1 Kdqv0Mrdfklp Kripdqq

Huvwjxwdfkwhu= Suri Gu1 Ehuqg Oxfnh

]zhlwjxwdfkwhu= Suri1 P1 Lvkdt Qdglul/ Sk1G1

Gdv zlvvhqvfkdiwolfkh Jhvsuçfk idqg dp
541 Mxql 5335 vwdww



Dfnqrzohgjhphqwv

L wkdqn p| dgylvru Ehuqg Oxfnh iru uhdglqj hyhu| vlqjoh gudiw ri p| wkhvlv

dqg ri hduolhu sdshuv surpswo|/ fduhixoo| dqg fulwlfdoo|/ jlylqj lqydoxdeoh lqsxw

wr lpsuryh xsrq p| zrun dqg ghwhfwlqj hyhq wkh voljkwhvw plvwdnh1

P1 Lvkdt Qdglul*v lqylwdwlrq wr Qhz \run Xqlyhuvlw| dqg wkh jxlgdqfh kh

surylghg gxulqj p| vwd| dqg diwhu kdyh vkdshg wklv zrun1 Zlwkrxw klv khos

pdq| sureohpv frqfhuqlqj wkh gdwd dqg wkh hpslulfdo lpsohphqwdwlrq ri p|

uhvhdufk zrxog uhpdlq xqvroyhg wr wklv gdwh1

L dovr ehqh�wwhg d orw iurp pdq| khosixo glvfxvvlrqv zlwk K|xqedh Fkxq

dqg Vxqjedh Pxq dw Q\X1

L wkdqn FrolqZhee iurp wkh RHFG dqg Ehuqg Jùu}lj iurp wkh Ghxwvfkhv

Lqvwlwxw i u Zluwvfkdiwviruvfkxqj iru surylglqj wkh gdwd1

Ndulq Hqguhmdw dqg Dqjhod Hehuw kdyh pdgh p| vwd| dw Kdpexuj d orw

hdvlhu dqg pruh sohdvdqw1

Zlwkrxw eudyh dqg frqvwdqw vxssruw iurp p| iulhqgv dqg p| sduhqwv lw

zrxog qrw kdyh ehhq srvvleoh wr frpsohwh wklv glvvhuwdwlrq1 L kdyh vwudlqhg

wkhlu qhuyhv hyhq pruh wkdq L kdyh p| rzq dqg L rzh hyhu|wklqj wr wkhp1



Pdunhw Srzhu/ Hfrqrplhv ri Vfdoh dqg wkh Uroh ri Nqrzohgjh

iru Hfrqrplf Jurzwk

e|

Qlfrod Eudqgw

Vxeplwwhg wr wkh Ghsduwphqw ri Hfrqrplfv
rq 48wk Pd| 5335/ lq sduwldo ixo�oophqw ri wkh

uhtxluhphqwv iru wkh ghjuhh ri
Grfwru Uhuxp Srolwlfduxp

Devwudfw

Wklv glvvhuwdwlrq vwxglhv wkh hpslulfdo uhohydqfh ri U)G edvhg jurzwk wkhrulhv1 Lq suh0
ylrxv uhvhdufk rq wklv wrslf/ lqyhvwljdwruv kdyh w|slfdoo| hpsor|hg wkh Vrorz uhvlgxdo
dssurdfk wr vwxg| wkh lpsdfw ri nqrzohgjh dqg vslooryhuv rq surgxfwlylw|1 \hw/ uho|lqj
rq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh/ wklv iudphzrun lv
qrw lq olqh zlwk U)G edvhg jurzwk wkhru|/ zklfk lpsolhv wkdw nqrzohgjh fuhdwlrq dv wkh
gulylqj irufh ri hfrqrplf jurzwk lv lqh{wulfdeo| olqnhg wr pdunhw srzhu dqg hfrqrplhv
ri vfdoh1 Lq wklv vwxg|/ d frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp lv hpsor|hg wr lq0
yhvwljdwh wkh hpslulfdo uhohydqfh ri U)G edvhg jurzwk wkhru| zlwk d qhz yhuvlrq ri
wkh RHFG VWDQ gdwdvhw fryhulqj wzr0gljlw pdqxidfwxulqj lqgxvwu| gdwd iurp Fdqdgd/
Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq dqg wkh XV1 Lq frqwudvw wr wkh frqyhqwlrqdo Vrorz uhvlg0
xdo/ wklv iudphzrun doorzv wkh uhvhdufkhu wr lqyhvwljdwh hfrqrplhv ri vfdoh/ pdunhw srzhu
dqg wkh uroh ri nqrzohgjh fuhdwlrq dqg vslooryhuv iru surgxfwlylw| jurzwk lq dq lqwhjudwhg
dssurdfk1 Wkh hpslulfdo lqyhvwljdwlrq uhyhdov wkdw lq olqh zlwk U)G edvhg jurzwk wkh0
rulhv/ wkhuh duh lqghhg hfrqrplhv ri vfdoh dqg pdun0xsv lq qhduo| doo ri wkh lqyhvwljdwhg
lqgxvwulhv1 H{fhvv uhwxuqv wr U)G duh irxqg lq irxu uhodwlyho| U)G0lqwhqvlyh vhfwruv1 Lq
dgglwlrq wr wklv/ nqrzohgjh vslooryhuv hqkdqfh surgxfwlylw| jurzwk lq pdq| lqgxvwulhv1
Lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv vhhp wr eh wkh prvw lpsruwdqw vrxufh ri nqrzo0
hgjh h{whuqdolwhv1 U)G lqwhqvlw| lv orz dqg wkhuh lv olwwoh ru qr surgxfwlylw| jurzwk lq
wkh ihz lqgxvwulhv zkhuh qr vljql�fdqw lpsdfw ri U)G fdq eh irxqg1 Lq doo wkh rwkhu
fdvhv/ nqrzohgjh yduldeohv duh irxqg wr h{sodlq d jrrg sduw ri wkh revhuyhg surgxfwlylw|
jurzwk dqg wkh| duh d vrxufh ri hfrqrplhv ri vfdoh/ dv wkhru| zrxog vxjjhvw1 Lq frqwudvw
wr frpshwlqj jurzwk wkhrulhv/ U)G edvhg prghov lpso| wkdw pdun0xsv/ hfrqrplhv ri
vfdoh dqg d surgxfwlylw| hqkdqflqj uroh ri nqrzohgjh yduldeohv vkrxog eh irxqg lq wkh
gdwd1 Wkh hpslulfdo lqyhvwljdwlrq lq wklv glvvhuwdwlrq vxjjhvwv/ wkdw U)G edvhg jurzwk
prghov vhhp wr sdvv wklv hpslulfdo whvw yhu| zhoo1
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4 Lqwurgxfwlrq 44

5 Jurzwk Wkhru| 49

514 Wkh Qhrfodvvlfdo Jurzwk Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

515 Jurzwk gxh wr H{whuqdolwlhv 1 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;

516 U)G edvhg Prghov ri Hqgrjhqrxv Jurzwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

51614 Lqfuhdvlqj Ydulhwlhv 1 1 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

51615 Lqfuhdvlqj Surgxfw Txdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

517 Wkh Sureohp ri Vfdoh H�hfwv 1 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

518 Lpsolfdwlrqv iru Hpslulfdo Uhvhdufk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

6 Hpslulfdo Iudphzrun dqg Gdwd 76

614 Dowhuqdwlyh Iudphzrunv iru Jurzwk Hpslulfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

61414 Wkh Kdoo2Vrorz Uhvlgxdo Dssurdfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

61415 Wkh Frvw Ixqfwlrq Dssurdfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

615 Wkh Hpslulfdo Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

61514 Wkh Wkhru| ri Ioh{leoh Ixqfwlrqdo Irupv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

61515 Wkh PfIdgghq Frvw Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

61516 Wkh Huuru Fruuhfwlrq Irup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

616 Wkh Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

61614 Sulfhv/ Rxwsxw dqg Lqsxwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
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61615 U)G dqg Surgxfwlylw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

7 Surgxfwlylw|/ Pdun0Xsv dqg Hfrqrplhv ri Vfdoh :3

714 Hvwlpdwlrq Phwkrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

715 Surgxfwlylw| Jurzwk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

716 Hfrqrplhv ri Vfdoh 1 1 1 1 1 1 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

717 Pdunhw Srzhu 1 1 1 1 1 1 1 1 1 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

718 Frpsdulvrq zlwk wkh H{lvwlqj Olwhudwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

719 Lpsolfdwlrqv iru Jurzwk Wkhru| dqg Hpslulfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

8 Wkh Uroh ri Nqrzohgjh 439

814 U)G Fdslwdo dqg Surgxfwlylw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

815 Prghoolqj Vslooryhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

81514 Dowhuqdwlyh Vwudwhjlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

81515 Vslooryhuv lq d Pxowl0Frxqwu| Pxowl0Lqgxvwu| Vhwwlqj 1 1 1 1 1 1 1 449

816 Vslooryhuv lq RHFG Lqgxvwulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

817 Nqrzohgjh dqg Surgxfwlylw| 0 H{lvwlqj Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

9 Frqfoxvlrqv 46:

D Hvwlpdwlrq Uhvxowv 488

D14 Gluhfw 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 1 1 488

D15 Uhvxowv ri wkh Huuru Fruuhfwlrq Irup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

D16 Uhvxowv zlwk Vlpsoh Wuhqg Whup Vshfl�fdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;4

D17 Uhvxowv zlwk U)G 1 1 1 1 1 1 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<6

D18 Uhvxowv zlwk Vslooryhu Yduldeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<:

E Glvwulexwlrq ri Uhodwlyh Surgxfwlylw| 536

F Ydoxh Dgghg zlwk Lpshuihfw Frpshwlwlrq 538

8



G Wkh Gdwd 53<
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614 Uhodwlyh Vl}h ri Pdqxidfwxulqj Vhfwruv lq Whupv ri Rxwsxw dqg U)G Fdslwdo 97

615 Dyhudjh Jurzwk ri Wrwdo Idfwru Surgxfwlylw|> 4<;304<<;> lq shu fhqw 1 1 1 1 1 9:

616 Dyhudjh Udwlr ri U)G wr Rxwsxw> 4<;304<<;> lq shu fhqw 1 1 1 1 1 1 1 1 1 1 1 9<

714 Lp0Shvdudq0Vklq0Whvw iru d Xqlw Urrw lq Khwhurjhqhrxv Sdqhov 1 1 1 1 1 1 1 1 :7

715 W0Vwdwlvwlfv ri wkh Huuru Fruuhfwlrq Whupv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

716 Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Ioh{leoh Vshfl�fdwlrq 1 1 1 1 1 1 1 1 :;

717 Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Vlpsoh Vshfl�fdwlrq LWW 1 1 1 1 1 1 1 :<

718 Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Vlpsoh Vshfl�fdwlrq LLWW 1 1 1 1 1 1 ;4

719 Dyhudjh Udwh ri Uhwxuqv wr Vfdoh> 4<;304<<; 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

71: Uhvxowv ri Sdqho Uhjuhvvlrq ri Uhwxuqv wr Vfdoh rq gl�huhqw U)G Yduldeohv 1 1 <3

71; Uhodwlrq ehwzhhq U)G Lqwhqvlw| dqg Hfrqrplhv ri Vfdoh> Huuru Fruuhfwlrq Irup <4

71< Uhodwlrq ehwzhhq U)G Fdslwdo dqg Hfrqrplhv ri Vfdoh> Huuru Fruuhfwlrq Irup <5

7143 Hvwlpdwhv ri wkh Pdun0xs ri Sulfh ryhu Pdujlqdo Frvw 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

7144 Uhjuhvvlrq ri Pdun0xsv rq U)G0Lqwhqvlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

814 Lq xhqfh ri U)G Fdslwdo Vwrfnv rq wkh Surgxfwlylw| Jurzwk Hvwlpdwh 1 1 1 1 43<

815 Dyhudjh Frvw Hodvwlflwlhv zlwk Uhvshfw wr U)G Fdslwdo 1 1 1 1 1 1 1 1 1 1 1 1 443

816 Lqwhuqdo Hfrqrplhv ri Vfdoh zlwk dqg zlwkrxw U)G 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

817 Dyhudjh Lpsruw Vkduhv lq Wudqvsruw Htxlsphqw> 4<;30<:> lq shu fhqw 1 1 1 1 1 44;

818 Dyhudjh Elodwhudo Lpsruw Vkduhv ryhu doo Lqgxvwulhv> 4<;304<<:> lq shu fhqw 1 1 44<

819 Lq xhqfh ri Vslooryhu Yduldeohv rq wkh Surgxfwlylw| Jurzwk Hvwlpdwhv 1 1 1 1 456

:



81: Dyhudjh Frvw Hodvwlflwlhv zlwk Uhvshfw wr Vslooryhu Yduldeohv 1 1 1 1 1 1 1 1 1 458

81; Dyhudjh Hfrqrplhv ri Vfdoh lq Ulydo Idfwruv/ U)G Fdslwdo dqg Vslooryhuv 1 1 45:

81< Hvwlpdwhv ri Rxwsxw Hodvwlflwlhv ri U)G Fdslwdo dw wkh Frxqwu| Ohyho 1 1 1 1 45<

8143 Hvwlpdwhv ri Rxwsxw Hodvwlflwlhv ri U)G Fdslwdo dw wkh Lqgxvwu| Ohyho 1 1 1 1 463

8144 Hvwlpdwhv ri wkh Udwh ri Uhwxuq ri U)G dw wkh Lqgxvwu| Ohyho 1 1 1 1 1 1 1 1 465

8145 Hvwlpdwhv ri Hodvwlflwlhv zlwk uhvshfw wr U)G dw wkh Ilup Ohyho 1 1 1 1 1 466

8146 Frvw Hodvwlflwlhv zlwk Uhvshfw wr U)G Fdslwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

D14 Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049, 1 1 1 1 1 1 1 489

D15 Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:

D16 Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;

D17 Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055, 1 1 1 1 1 1 1 48<

D18 Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493

D19 Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58, 1 1 1 1 1 1 1 1 1 1 1 494

D1: Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59, 1 1 1 1 1 1 1 495

D1; Hvwlpdwlrq Uhvxowv iru wkh Edvlf dqg Ideulfdwhg Phwdov Lqgxvwulhv +5:05;, 1 1 496

D1< Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497

D143 Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066, 498

D144 Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068, 1 1 1 1 1 1 1 499

D145 Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:, 1 49:

D146 Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049, 1 1 1 1 1 1 1 49<

D147 Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<, 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3

D148 Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4

D149 Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055, 1 1 1 1 1 1 4:5

D14: Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:6

D14; Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58, 1 1 1 1 1 1 1 1 1 1 1 4:7

D14< Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59, 1 1 1 1 1 1 1 4:8

D153 Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;, 1 1 1 1 1 1 1 1 1 1 4:9

D154 Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4::

;



D155 Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066, 4:;

D156 Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068, 1 1 1 1 1 1 1 4:<

D157 Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:, 1 4;3

D158 Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049, 1 1 1 1 1 1 1 4;4

D159 Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<, 1 1 1 1 1 1 1 1 1 1 1 1 1 4;5

D15: Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;6

D15; Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055, 1 1 1 1 1 1 4;7

D15< Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;8

D163 Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58, 1 1 1 1 1 1 1 1 1 1 1 4;9

D164 Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59, 1 1 1 1 1 1 1 4;:

D165 Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;, 1 1 1 1 1 1 1 1 1 1 4;;

D166 Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;<

D167 Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066, 4<3

D168 Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068, 1 1 1 1 1 1 1 4<4

D169 Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:, 1 4<5

D16: Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;, 1 1 1 1 1 1 1 1 1 1 4<6

D16; Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<7

D16< Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066, 4<8

D173 Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068, 1 1 1 1 1 1 1 4<9

D174 Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<, 1 1 1 1 1 1 1 1 1 1 1 1 1 4<:

D175 Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<;

D176 Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58, 1 1 1 1 1 1 1 1 1 1 1 4<<

D177 Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv Lqgxvwu| +59, 1 533

D178 Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;, 1 1 1 1 1 1 1 1 1 1 534

D179 Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 535

G14 Wkh LVLF/ Uhy1 6 Lqgxvwu| Fodvvl�fdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 543

<
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704 Surgxfwlylw| Jurzwk= WIS yv1 Gxdo Phdvxuh> Hohfw1 dqg Rsw1 Ht1 1 1 1 1 1 1 ;6

705 Surgxfwlylw| Jurzwk= WIS yv1 Gxdo Phdvxuh> Fkhplfdo Lqgxvwu| 1 1 1 1 1 1 1 ;8

706 Hfrqrplhv ri Vfdoh lq wkh Irrg Lqgxvwu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

707 Hfrqrplhv ri Vfdoh lq wkh Wudqvsruw Htxlsphqw Lqgxvwu| 1 1 1 1 1 1 1 1 1 1 1 ;<

708 Pdun0xsv dqg Dyhudjh U)G0Lqwhqvlw|> 4<;304<<; 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
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Ehwzhhq 4;:3 dqg 4<;3 uhdo JGS shu fdslwd urvh vhyhqirog lq wkh XV/ hljkwirog lq Zhvw

Jhupdq| dqg vl{whhqirog lq Mdsdq +Pdgglvrq 4<;5,1 Whfkqlfdo fkdqjh dqg lqqrydwlrq

kdyh ehhq dw wkh khduw ri wklv lpsuhvvlyh lqfuhdvh lq pdwhuldo zhoo0ehlqj1 Qrw rqo| duh

pruh jrrgv dqg vhuylfhv dydlodeoh rq dyhudjh iru hdfk shuvrq lq lqgxvwuldol}hg frxqwulhv/

exw hqwluho| qhz surgxfwv dqg surgxfwlrq surfhvvhv kdyh ehhq ghyhorshg1 D fhqwxu| djr

vdwhoolwh frppxqlfdwlrq/ shuvrqdo frpsxwhuv ru mhw dlusodqhv zrxog kdyh ehhq lqfrqfhly0

deoh1

Prvw ri wkh odvw ghfdgh kdv ehhq pdunhg e| lpsuhvvlyh rxwsxw dqg surgxfwlylw|

jurzwk/ hvshfldoo| lq wkh Xqlwhv Vwdwhv1 Wklv lv riwhq wudfhg wr wkh surgxfwlyh xvh ri

hqwluho| qhz lqirupdwlrq dqg frppxqlfdwlrq whfkqrorjlhv/ prvw qrwdeo| wkh Lqwhuqhw1

Iuhtxhqwo| odehohg dv wkh �Qhz Hfrqrp|� wklv ghyhorsphqw lv ylhzhg e| pdq| dv d

whfkqrorjlfdo uhyroxwlrq1 Wkh hphujhqfh ri qhz lqirupdwlrq dqg frppxqlfdwlrq whfk0

qrorjlhv xqghuolqhv wkh uroh ri whfkqrorjlfdo fkdqjh dv dq hqjlqh ri surgxfwlylw| dqg

rxwsxw jurzwk1

Wkhvh fdvxdo revhuydwlrqv vxjjhvw wkdw lqqrydwlrq lv dq lpsruwdqw ghwhuplqdqw ri

hfrqrplf ghyhorsphqw1 Wklv frqmhfwxuh lv uh hfwhg lq hfrqrplf wkhru|/ dv whfkqrorjlfdo

fkdqjh olhv dw wkh khduw ri wkh jurzwk surfhvv lq wkh ydvw pdmrulw| ri prghov1 \hw/ lq wkh

qhrfodvvlfdo wkhru| +Vrorz 4<89/ Fdvv 4<98/ Nrrspdqv 4<98,/ wkh sdudgljp ri hfrqrplf
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jurzwk wkhru| lq wkh 4<93v dqg wkh 4<:3v/ surgxfwlylw| jurzwk lv h{rjhqrxv1 Wkxv/

whfkqrorjlfdo fkdqjh/ zklfk doorzv fdslwdo dqg rxwsxw shu zrunhu wr jurz frqwlqxrxvo|

ryhu wkh orqj uxq/ uhpdlqv xqh{sodlqhg1 D jurzlqj glvvdwlvidfwlrq zlwk wklv dvshfw ri wkh

qhrfodvvlfdo wkhru| kdv ohg d qxpehu ri uhvhdufkhuv wr uhfrqvlghu wkh lqyhvwljdwlrq ri wkh

jurzwk surfhvv lq dq dwwhpsw wr h{sodlq orqj0uxq hfrqrplf jurzwk hqgrjhqrxvo|1 Wkhvh

dwwhpswv kdyh jrqh pdq| gl�huhqw zd|v/ lqfoxglqj wkh lqwurgxfwlrq ri hfrqrplhv ri vfdoh

gxh wr vslooryhu h{whuqdolwlhv +Urphu 4<;9,/ ri kxpdq fdslwdo +Uhehor 4<<4,/ ru erwk

+Oxfdv 4<;;,1 Lq wkhvh prghov/ nqrzohgjh fuhdwlrq dqg whfkqrorjlfdo fkdqjh duh hlwkhu

wkh xqlqwhqwlrqdo vlgh h�hfw ri wkh surgxfwlrq ri d frqyhqwlrqdo surgxfw/ h1j1 sk|vlfdo

ru kxpdq fdslwdo/ ru wkh| duh qrw lpsruwdqw iru jurzwk dw doo +Uhehor 4<<4/ Mrqhv )

Pdqxhool 4<<3,1

Wklv glvvhuwdwlrq lv ghyrwhg wr dq hpslulfdo lqyhvwljdwlrq ri uhvhdufk dqg ghyhorsphqw

+U)G, edvhg hqgrjhqrxv jurzwk prghov wkdw dlp wr h{sodlq whfkqrorjlfdo fkdqjh dqg

surgxfwlylw| jurzwk dv wkh uhvxow ri lqwhqwlrqdo lqyhvwphqwv lq U)G +Urphu 4<<3/ Jurvv0

pdq ) Khospdq 4<<4/ Djklrq ) Krzlww 4<<5,1 Zkloh pdq| ri wkhvh prghov hqfrpsdvv

vrph w|sh ri h{whuqdolwlhv dvvrfldwhg zlwk nqrzohgjh fuhdwlrq/ doo ri wkhp uho| xsrq wkh

dvvxpswlrq wkdw lqyhvwphqwv lq uhvhdufk dqg ghyhorsphqw rffxu dv d uhvsrqvh wr pdunhw

lqfhqwlyhv/ pxfk lq wkh zd| dv lqyhvwphqwv lq sk|vlfdo fdslwdo1

Zkhq lqyhvwljdwlqj wkhvh wkhrulhv hpslulfdoo|/ prvw uhvhdufkhuv fkrrvh d Kdoo2Vrorz

uhvlgxdo dssurdfk wr vwxg| wkh lpsdfw ri nqrzohgjh dqg vslooryhuv rq surgxfwlylw| jurzwk

+Frh ) Khospdq 4<<8/ Nhoohu 5334,1 \hw/ vwhpplqj iurp Vrorz*v +4<89, jurzwk prgho/

wklv iudphzrun uholhv rq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frp0

shwlwlrq/ zkloh lqfuhdvlqj uhwxuqv dqg pdunhw srzhu duh hvvhqwldo ihdwxuhv ri U)G edvhg

prghov ri hfrqrplf jurzwk1

Dv hpskdvl}hg e| Urphu +4<<3,/ uhfrjql}lqj wkh qrq0ulydourxv qdwxuh ri nqrzohgjh

qhfhvvdulo| olqnv lw zlwk hfrqrplhv ri vfdoh dqg lpshuihfw frpshwlwlrq1 Wkh ghyhorsphqw

ri dq lghd/ vxfk dv wkh ghvljq ri d qhz fdu ru d sdwhqw iru d qhz phglflqh/ pd| uhtxluh

kxjh lqlwldo frvwv1 \hw/ rqfh lw kdv ehhq fuhdwhg/ wkh lghd fdq eh xvhg ryhu dqg ryhu
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djdlq zlwk }hur ru wulyldo dgglwlrqdo frvwv1 Lq wklv vhqvh/ nqrzohgjh fuhdwlrq lv dqdorjrxv

wr lqfxuulqj d �{hg frvw1 Nqrzohgjh lv d qrq0ulydourxv jrrg/ ehfdxvh dw d whfkqrorjlfdo

ohyho qrwklqj suhfoxghv wkh vlpxowdqhrxv xvh ri dq lghd lq pdq| gl�huhqw surgxfwlrq

surfhvvhv1 Zkloh uhwxuqv wr vfdoh lq ulydo idfwruv vkrxog eh frqvwdqw e| d vwdqgdug

uhsolfdwlrq dujxphqw/ wklv grhv qrw krog iru qrq0ulydo nqrzohgjh/ suhflvho| ehfdxvh lw

grhv qrw kdyh wr eh uhsolfdwhg1 Wkxv/ uhwxuqv wr vfdoh lq doo idfwruv lqfoxglqj nqrzohgjh

vkrxog eh lqfuhdvlqj1 Hxohu*v wkhruhp lpsolhv wkdw zlwk lqfuhdvlqj uhwxuqv qrw doo idfwruv

fdq eh sdlg wkhlu pdujlqdo surgxfw1 Vr li nqrzohgjh fuhdwlrq lv dvvxphg wr ghshqg rq

hfrqrplf ghflvlrqv/ dv lq wkh U)G edvhg jurzwk prghov/ wkhq wkhuh pxvw eh dw ohdvw

vrph pdunhw srzhu vr wkdw uhvrxufhv ghyrwhg wr lw fdq eh uhfrpshqvhg1

Wkh lqh{wulfdeoh olqn ehwzhhq hfrqrplhv ri vfdoh dqg lpshuihfw frpshwlwlrq zlwk

pdunhw gulyhq nqrzohgjh fuhdwlrq lq U)G edvhg prghov ri hfrqrplf jurzwk kdv ehhq

pxfk ryhuorrnhg lq hpslulfdo zrun lqyhvwljdwlqj wkhvh wkhrulhv1 Wkh Vrorz uhvlgxdo lv d

eldvhg phdvxuh ri surgxfwlylw| jurzwk zkhq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv wr vfdoh

dqg shuihfw frpshwlwlrq gr qrw krog1 D ihz uhvhdufkhuv �fruuhfw� wkh Vrorz uhvlgxdo

wr dffrxqw dw ohdvw iru wkh suhvhqfh ri lpshuihfw frpshwlwlrq +Nhoohu 5334,1 Eh|rqg

frqfhuqv uhjduglqj eldvhv ri wkh Vrorz uhvlgxdo/ krzhyhu/ wkhru| vxjjhvwv wkdw lw pd|

eh yhu| uhyhdolqj wr vwxg| wkh uroh ri nqrzohgjh dqg wkh suhvhqfh ri pdunhw srzhu dqg

hfrqrplhv ri vfdoh h{solflwo| lq dq lqwhjudwhg dssurdfk1

Lq wklv vwxg| d frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp lv hpsor|hg wr lqyhvwljdwh wkh

hpslulfdo uhohydqfh ri U)G edvhg jurzwk wkhrulhv1 Lq frqwudvw wr wkh srsxodu Kdoo2Vrorz

uhvlgxdo dssurdfk/ wkh dssursuldwhqhvv ri surgxfwlylw| jurzwk phdvxuhv ghulyhg iurp wklv

hpslulfdo prgho grhv qrw klqjh rq shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh1

Zkdw lv pruh/ lw surylghv d iudphzrun wr lqyhvwljdwh doo ri wkh pruh uhohydqw ihdwxuhv ri

U)G edvhg prghov ri hfrqrplf jurzwk lq dq lqwhjudwhg dssurdfk1

D qhz yhuvlrq ri wkh RHFG VWDQ gdwdvhw +RHFG 5333d, fryhulqj wzr0gljlw pdq0

xidfwxulqj lqgxvwu| gdwd iurp Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq dqg wkh XV lv

hpsor|hg wr lqyhvwljdwh hfrqrplhv ri vfdoh/ pdunhw0srzhu dqg wkh uroh ri nqrzohgjh fuh0
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dwlrq dqg vslooryhuv iru surgxfwlylw| jurzwk1 Erwk grphvwlf dqg lqwhuqdwlrqdo nqrzohgjh

vslooryhuv duh frqvlghuhg1 Zkloh doo ri wkhvh ihdwxuhv kdyh ehhq lqyhvwljdwhg ehiruh lq

dq lvrodwhg idvklrq/ wr wkh ehvw ri p| nqrzohgjh wkhuh lv qr uhvhdufk lqyhvwljdwlqj doo ri

wkhp vlpxowdqhrxvo| wr vwxg| srwhqwldo olqnv ehwzhhq wkhp1

Hduolhu yhuvlrqv ri wkh VWDQ gdwdvhw kdyh ehhq xvhg ehiruh wr lqyhvwljdwh pdun0xsv

+Ehffduhoor 4<<9, dqg wkh uroh ri nqrzohgjh +Nhoohu 5334/ Jul!wk/ Uhgglqj ) ydq Uhhqhq

5333,1 Krzhyhu/ wkhvh vwxglhv vx�hu iurp wkh sureohp wkdw frqvwdqw sulfh pdwhuldo lqsxw

gdwd zdv qrw dydlodeoh lq sulru yhuvlrqv ri wkh VWDQ gdwdedvh1 Wkhuhiruh/ dxwkruv zhuh

suhylrxvo| frq�qhg wr xvlqj ydoxh0dgghg gdwd1 \hw/ dffruglqj wr U)G edvhg prghov ri

hfrqrplf jurzwk/ whfkqrorjlfdo fkdqjh hperglhg lq lqwhuphgldwh lqsxwv zloo dozd|v eh

dvvrfldwhg zlwk pdunhw0srzhu1 Edvx ) Ihuqdog +4<<8, dqg Edvx ) Ihuqdog +4<<:, kdyh

vkrzq wkdw xvlqj ydoxh dgghg gdwd lv yhu| olnho| wr eldv uhvxowv frqfhuqlqj hvwlpdwhv ri

hfrqrplhv ri vfdoh dqg h{whuqdolwlhv/ li wkh pdwhuldo lqsxwv duh qrw surgxfhg lq frpshwlwlyh

pdunhwv1 Wkhuhiruh/ ydoxh0dgghg lv qrw wkh lghdo rxwsxw frqfhsw iru hpslulfdo zrun wkdw

lqyhvwljdwhv U)G edvhg prghov ri hfrqrplf jurzwk1

D qxpehu ri wkhvh prghov hpskdvl}h wkh lpsruwdqfh ri wudgh dv d fkdqqho iru nqrzo0

hgjh vslooryhuv +Jurvvpdq ) Khospdq 4<<4/ Ulyhud0Edwl} ) Urphu 4<<4,1 Wkh dwwudf0

wlyhqhvv ri wkh lqwhuqdwlrqdo gdwdvhw hpsor|hg lq wklv vwxg| olhv lq wkh srvvlelolw| wr

lqyhvwljdwh wkh suhvhqfh ri wkhvh h{whuqdolwlhv1 Gudzlqj rq zrun e| Nhoohu +5334, wkuhh

gl�huhqw srwhqwldo vslooryhu vrxufhv duh frqvlghuhg= grphvwlf lqwhu0lqgxvwu| vslooryhuv/

lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv dqg lqwhuqdwlrqdo lqwhu0lqgxvwu| vslooryhuv1 Zkloh

Nhoohu srrov doo lqgxvwulhv dqg frxqwulhv iru klv hvwlpdwlrqv/ hdfk lqgxvwu| lv srrohg lq0

glylgxdoo| dfurvv frxqwulhv dqg lqyhvwljdwhg vhsdudwho| lq wklv glvvhuwdwlrq1 Wkh uhvxowv

uhyhdo lpsruwdqw gl�huhqfhv ehwzhhq lqgxvwulhv/ zklfk kdyh qrw ehhq wdnhq lqwr dffrxqw

lq Nhoohu*v vwxg|1 Wkh �qglqj ri khwhurjhqhlw| dovr vxjjhvwv wkdw lw lv yhu| uhyhdolqj wr gli0

ihuhqwldwh ehwzhhq lqgxvwulhv/ udwkhu wkdq hvwlpdwlqj lqwhuqdwlrqdo nqrzohgjh vslooryhuv

zlwk frxqwu| gdwd/ dq dssurdfk slrqhhuhg e| Frh ) Khospdq +4<<8,/ zklfk kdv irxqg

pdq| iroorzhuv1
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Lq frqwudvw wr vrph hduolhu uhvhdufk wkdw vlpxowdqhrxvo| vwxglhv wkh lpsdfw ri U)G

lqyhvwphqwv rq wkh surgxfwlylw| ri wkh lqyhvwru dv zhoo dv gl�huhqw w|shv ri h{whuqdol0

wlhv dvvrfldwhg zlwk lw +Nhoohu 5334/ Yhuvsdjhq 4<<:,/ pxowlfroolqhdulw| sureohpv ehwzhhq

gl�huhqw vslooryhu yduldeohv duh fduhixoo| wdnhq lqwr dffrxqw lq wklv glvvhuwdwlrq dqg frq0

foxvlrqv duh gudzq zlwk fdxwlrq1 Dv lw wxuqv rxw/ gl�huhqw U)G yduldeohv duh kljko|

froolqhdu1 Wklv fdvwv vrph grxewv rq uhvxowv ri hduolhu vwxglhv wkdw frqvlghu d qxpehu

ri gl�huhqw vslooryhu yduldeohv zlwkrxw wdnlqj pxowlfroolqhdulw| sureohpv lqwr dffrxqw1

Qhyhuwkhohvv lw fdq eh frqfoxghg iurp wkh uhvxowv lq wklv vwxg| wkdw lqwhuqdwlrqdo lqwud0

lqgxvwu| vslooryhuv vhhp wr eh wkh prvw lpsruwdqw vrxufh ri h{whuqdolwlhv1

Wkh vwxg| lv rujdql}hg dv iroorzv1 Fkdswhu 5 surylghv dq ryhuylhz ryhu hfrqrplf

jurzwk wkhru| zlwk dq hpskdvlv rq U)G edvhg prghov ri hfrqrplf jurzwk wr surylgh

d wkhruhwlfdo irxqgdwlrq iru wkh hpslulfdo lqyhvwljdwlrq1 Fkdswhu 6 glvfxvvhv wkh hpslul0

fdo prgho1 Rxwolqlqj lwv dgydqwdjhv ryhu pruh srsxodu iudphzrunv lw dovr glvfxvvhv wkh

vshfl�fv ri wkh gdwd hpsor|hg lq wkh hpslulfdo lqyhvwljdwlrq1 Hvwlpdwhv ri surgxfwlylw|

jurzwk/ pdun0xsv dqg hfrqrplhv ri vfdoh duh suhvhqwhg lq Fkdswhu 7/ zklfk dovr frq0

iurqwv wkh uhvxowv zlwk sulru lqyhvwljdwlrqv1 Fkdswhu 8 rxwolqhv wkh prghoolqj vwudwhj| iru

vslooryhu yduldeohv dqg glvfxvvhv wkh hpslulfdo uhvxowv frqfhuqlqj wkh uroh ri nqrzohgjh

dqg lwv h{whuqdolwlhv dv dq hqjlqh ri surgxfwlylw| jurzwk dqg dv d vrxufh ri hfrqrplhv ri

vfdoh1 Fkdswhu 9 frqfoxghv1
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514 Wkh Qhrfodvvlfdo Jurzwk Prgho

Vxvwdlqhg jurzwk ri shu fdslwd pdfurhfrqrplf yduldeohv/ vxfk dv wkh djjuhjdwh fdslwdo

vwrfn/ rxwsxw dqg frqvxpswlrq lv d zhoo hvwdeolvkhg hpslulfdo uhjxodulw|1 Lq wkh orqj uxq/

wkh jurzwk udwh ri wkhvh yduldeohv vhhpv wr eh urxjko| frqvwdqw1 Wklv sdwwhuq lv fdswxuhg

e| wkh qhrfodvvlfdo jurzwk prgho +Vrorz 4<89,1 Uho|lqj rq wkh dvvxpswlrq ri frpshwlwlyh

pdunhwv dqg d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq/ wkh prgho lpsolhv d vwdeoh

edodqfhg jurzwk sdwk htxloleulxp/ zkhuh doo shu fdslwd yduldeohv jurz dw wkh udwh ri

whfkqrorjlfdo surjuhvv1 Wkh edvlf ihdwxuhv ri wklv prgho fdq uhdglo| eh ghprqvwudwhg

dvvxplqj wkdw d odujh qxpehu ri �upv surgxfhv jrrg t zlwk fdslwdo/ gc dqg oderu/ uc

dffruglqj wr d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|/ t ' 8 Egc�u�c zklfk frpsolhv zlwk

wkh Lqdgd frqglwlrqv 41 Dq h{dpsoh zrxog eh wkh Free0Grxjodv surgxfwlrq ixqfwlrq=

t ' gkE�u��3k +514,

4Wkh Lqdgd frqglwlrqv uhtxluh wkdw wkh pdujlqdo surgxfw ri hdfk idfwru jrhv wr }hur/ dv wkh idfwru

lqsxw jrhv wr lq�qlw| dqg ylfh yhuvd= olpN$3 IN+N>DO, @4> olpO$3 IO+N>DO, @4
olpN$4 IN+N>DO, @ 3> olpO$4 IO+N>DO, @ 3>
zkhuh I[l

ghqrwhv wkh �uvw ghulydwlyh ri wkh surgxfwlrq ixqfwlrq I zlwk uhvshfw wr idfwru [l=
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� lv dq h{rjhqrxv whfkqrorj| sdudphwhu/ zklfk lv dvvxphg wr jurz dw d frqvwdqw udwh

��� Lw fdq eh wkrxjkw ri dv wkh whfkqrorjlfdo nqrzohgjh lq wkh hfrqrp| zklfk lv d

frpsohwho| qrq0ulydo dqg qrq0h{foxgdeoh jrrg lq wklv prgho1 Hyhu| �up lq wkh hfrqrp|

xvhv wkh vdph � lq lwv surgxfwlrq1 Ehfdxvh ri wkh frqvwdqw uhwxuqv wr vfdoh surshuw|

ri wkh surgxfwlrq ixqfwlrq/ rxwsxw fdq eh ghvfulehg lq whupv ri wkh dfwlrqv ri d vlqjoh

sulfh0wdnlqj �up1

Lq wkh Fdvv0Nrrspdqv yhuvlrq ri wkh Vrorz prgho +Fdvv 4<98/ Nrrspdqv 4<98, wkh

vdylqjv ghflvlrq lv ghulyhg iurp wkh xwlolw| pd{lpl}dwlrq ri dq lq�qlwho| olyhg djhqw1

Olih0wlph xwlolw|/ Lc lv jlyhq e|

L '

] "

f

e34|
S�3j � j

�� j
_| +515,

zkhuh S ghqrwhv shu fdslwd frqvxpswlrq/ | ghqrwhv wlph/ j : f lv d sdudphwhu ghwhu0

plqlqj wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ dqg 4 lv wkh udwh ri wlph suhihuhqfh1

Djhqwv uhfhlyh zdjh lqfrph rq lqhodvwlfdoo| vxssolhg oderu/ uc dqg uhqwdo lqfrph rq wkhlu

fdslwdo zklfk wkh| uhqw wr �upv1 Pd{lpl}dwlrq ri olihwlph xwlolw| +515, vxemhfw wr wkh

lqwhuwhpsrudo shu fdslwd exgjhw frqvwudlqw/ �& ' � n o& � Sc lpsolhv

�S

S
'

�

j
Eo � 4� +516,

D orzhu fdvh yduldeoh 5 lv wkh shu fdslwd yhuvlrq ri lwv xsshu fdvh htxlydohqw 5 ' ~
u
dqg d

grw rq d yduldeoh ghqrwhv lwv ghulydwlyh zlwk uhvshfw wr wlph� � lv wkh uhdo zdjh udwh dqg

o lv wkh uhdo lqwhuhvw udwh1 Iru vlpsolflw|/ wkh hfrqrp|*v srsxodwlrq u lv dvvxphg wr eh

frqvwdqw/ exw srsxodwlrq jurzwk fdq hdvlo| eh lqfrusrudwhg lqwr wkh prgho1 Ilupv* sur�w

pd{lpl}dwlrq lpsolhv wkdw o ' 8gEgc�u��B ' kE g
�u

�k3��Bc zkhuh B lv wkh ghsuhfldwlrq

udwh ri fdslwdo� Ehfdxvh ri wkh frqvwdqw uhwxuqv wr vfdoh fkdudfwhulvwlf ri wkh surgxfwlrq

ixqfwlrq/ 8gEgc�u� ghshqgv rqo| rq fdslwdo lq h!flhqf| xqlwv/ g
�u
� Wklv iroorzv iurp wkh

uxoh wkdw wkh sduwldo ghulydwlyh ri d ixqfwlrq wkdw lv krprjhqhrxv ri ghjuhh rqh pxvw eh

krprjhqhrxv ri ghjuhh }hur/ zklfk lv uhdglo| yhul�hg zlwk wkh Free0Grxjodv surgxfwlrq
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ixqfwlrq dv dq h{dpsoh1 Wkh Lqdgd frqglwlrqv lpso| wkdw 8gEgc�u� frqyhujhv wr }hur

zlwk frqwlqxrxv jurzwk ri shu fdslwd fdslwdo/ li wkh hfrqrp|*v vwrfn ri nqrzohgjh/ �c lv

frqvwdqw1 Zlwk d frqvwdqw udwh ri wlph suhihuhqfh wkh uljkw kdqg vlgh ri htxdwlrq +516,

frqyhujhv wr d qhjdwlyh frqvwdqw/ 0Bn4
j
c vr wkhuh lv qr vfrsh iru frqwlqxrxv jurzwk1 Wkxv/

h{rjhqrxv jurzwk lq � lv qhhghg wr r�vhw wkh h�hfw ri glplqlvklqj uhwxuqv wr fdslwdo1

Zlwk frqvwdqw h{rjhqrxv surgxfwlylw| jurzwk/ ��/ shu fdslwd fdslwdo jurzv dw wkh

vdph udwh dv � rq d edodqfhg jurzwk sdwk dqg o lv frqvwdqw1 Wdnlqj dffrxqw ri wkh

frqvwdqw uhwxuqv wr vfdoh fkdudfwhulvwlf ri wkh surgxfwlrq ixqfwlrq/ lw uhdglo| iroorzv

wkdw shu fdslwd rxwsxw jurzv dw wkdw vdph udwh1 E| wkh hfrqrp|*v exgjhw frqvwudlqw

rxwsxw pxvw htxdo wkh vxp ri frqvxpswlrq dqg lqyhvwphqw lq sk|vlfdo fdslwdo/ U1 Wdnlqj

dffrxqw wkh fdslwdo dffxpxodwlrq htxdwlrq/ �g ' U� Bgc lw fdq eh ghulyhg iurp wklv wkdw

frqvxpswlrq dovr jurzv dw wkh udwh ri whfkqrorjlfdo surjuhvv1 Ehfdxvh ri wkh frqvwdqf|

ri srsxodwlrq/ shu fdslwd yduldeohv jurz dw wkh vdph udwh dv wkhlu frxqwhusduwv lq ohyhov1

Frqwlqxrxv dqg urxjko| frqvwdqw jurzwk ri shu fdslwd pdfurhfrqrplf yduldeohv/ vxfk

dv frqvxpswlrq/ rxwsxw dqg wkh fdslwdo vwrfn/ lv d zhoo hvwdeolvkhg hpslulfdo uhjxodulw|1

Wklv lv fdswxuhg yhu| zhoo e| wkh qhrfodvvlfdo jurzwk prgho zlwk h{rjhqrxv surgxfwlylw|

jurzwk1 Wkh gudzedfn ri wklv prgho lv wkdw lw grhv qrw h{sodlq whfkqrorjlfdo fkdqjh dv

fdswxuhg e| �� zklfk/ krzhyhu/ lv wkh xowlpdwh vrxufh ri jurzwk1

Wklv lv zk| lq wkh plg04<;3v hfrqrplvwv ohg e| Urphu +4<;9, uhdvvhvvhg jurzwk

wkhru|/ wu|lqj wr h{sodlq frqwlqxrxv jurzwk hqgrjhqrxvo|1 Wkhvh dwwhpswv kdyh jrqh

pdq| gl�huhqw zd|v1 Vrph ri wkh prghov ri hqgrjhqrxv jurzwk duh glvfxvvhg lq wkh

iroorzlqj vhfwlrqv1

515 Jurzwk gxh wr H{whuqdolwlhv

Wkh uhdvrq zk| dq h{rjhqrxv vrxufh ri jurzwk lv qhhghg lv wkdw lq d qhrfodvvlfdo surgxf0

wlrq ixqfwlrq uhwxuqv wr fdslwdo duh glplqlvklqj1 Wkh sureohp zlwk h{rjhqrxv surgxfwly0

lw| jurzwk lv wkdw wkhuh lv hyhu| uhdvrq wr eholhyh wkdw wkh hfrqrp|*v vwrfn ri nqrzohgjh
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vkrxog ghshqg rq hfrqrplf ghflvlrqv dw ohdvw dv pxfk dv wkh fdslwdo vwrfn1 Lw lv wkhuhiruh

ghvludeoh wr h{sodlq wkh hyroyhphqw ri � dv d uhvxow ri pdunhw lqfhqwlyhv1

Wkh pdlq sureohp idflqj dwwhpswv wr hqgrjhql}h � lv wkh gl!fxow| wr ghdo zlwk

lqfuhdvlqj uhwxuqv lq d g|qdplf jhqhudo htxloleulxp iudphzrun/ ehfdxvh hqgrjhql}lqj �

lv qrw frpsdwleoh zlwk d frpshwlwlyh htxloleulxp1 Wr vhh wklv/ frqvlghu d pruh jhqhudo

surgxfwlrq ixqfwlrq 8 E�cf�c zkhuh f ' Ef�c ���cf� � lv d yhfwru ri ulydo lqsxwv/ vxfk dv

oderu dqg fdslwdo lq wkh prgho deryh1 Uhwxuqv wr vfdoh lq ulydo idfwruv vkrxog eh frqvwdqw

e| d vwdqgdug uhsolfdwlrq dujxphqw/ zkloh wkh| vkrxog eh lqfuhdvlqj lq wkh ulydo idfwruv

dqg nqrzohgjh wrjhwkhu/ dv rxwolqhg lq wkh lqwurgxfwlrq1

Zlwk d krprjhqhrxv/ frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq lqfuhdvlqj doo qrq0

ulydo idfwruv e| d frqvwdqw idfwru 6 lqfuhdvhv rxwsxw e| wkdw vdph idfwru 8 E�c6f� '

68 E�cf�� Hxohu*v wkhruhp fdq eh ghulyhg e| gl�huhqwldwlqj erwk vlghv zlwk uhvshfw wr

6 dqg hydoxdwlqj dw 6 ' � G
S

�
Y8
Yf�

f� ' 8 E�cf�� Lw lv reylrxv iurp wklv/ wkdw lq d

frpshwlwlyh htxloleulxp/ zkhuh idfwruv duh sdlg wkhlu pdujlqdo surgxfwv/ uhyhqxh lv mxvw

hqrxjk wr uhfrpshqvh wkh qrq0ulydo lqsxwv1 Li d �up kdg wr uhfrpshqvh � dv zhoo/ lw

zrxog lqfxu orvvhv1 Lw lv frpshoolqj wr eholhyh wkdw whfkqrorjlfdo nqrzohgjh lv dffxpxodwhg

gholehudwho| dv d uhvxow ri pdunhw lqfhqwlyhv1 \hw/ lq d frpshwlwlyh htxloleulxp �upv

fdqqrw uhfrpshqvh dq| uhvrxufhv ghyrwhg wr nqrzohgjh dffxpxodwlrq1

Dq dssurdfk wr pdlqwdlq d frpshwlwlyh htxloleulxp/ zkloh h{sodlqlqj wkh hyroyhphqw

ri � zlwklq wkh prgho kdv ehhq ghyhorshg e| Urphu +4<;9, dqg Oxfdv +4<;;,/ zkr

prgho wkh dffxpxodwlrq ri nqrzohgjh dv dq xqlqwhqwlrqdo vlgh0h�hfw ri lqyhvwphqwv lq

gl�huhqw nlqgv ri fdslwdo1 Lq klv sdshu wkdw uhylyhg jurzwk wkhru| lq wkh 4<;3v/ Urphu

+4<;9, hpsor|v Duurz*v +4<95, vhwxs wr holplqdwh wkh whqghqf| iru glplqlvklqj uhwxuqv

e| dvvxplqj wkdw nqrzohgjh fuhdwlrq lv d vlgh surgxfw ri lqyhvwphqw lq sk|vlfdo fdslwdo1

Ohduqlqj krz wr xvh qhz pdfklqhv/ zrunhuv fuhdwh nqrzohgjh wkdw doorzv wkhp wr surgxfh

pruh h!flhqwo|1 Dv lq wkh Vrorz0Fdvv0Nrrspdqv prgho/ whfkqrorjlfdo nqrzohgjh lv d

qrq0ulydo surgxfwlrq lqsxw1 Rqfh qhz nqrzohgjh lv fuhdwhg/ lw lpphgldwho| vsloov ryhu wr

wkh hqwluh hfrqrp|1
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Wkh pdlq lghdv ri wkh prgho fdq eh suhvhqwhg zlwk d vlpsoh Free0Grxjodv surgxfwlrq

ixqfwlrq vlplodu dv lq +514,1 Wkh surgxfwlrq ixqfwlrq ri �up � lv t� ' 8 Eg�c �u�� '

gk
� E�u��

�3k1 Ilupv rshudwh lq d frpshwlwlyh hqylurqphqw dqg wkh sulydwh idfwruv/ fdslwdo

dqg oderu/ hduq wkhlu pdujlqdo surgxfw1 Vlqfh nqrzohgjh fuhdwlrq lv dvvxphg wr eh d vlgh

h�hfw ri lqyhvwphqwv lq sk|vlfdo fdslwdo/ wkh whfkqrorj| idfwru/ �c lv qrz d ixqfwlrq ri wkh

ryhudoo fdslwdo0oderu0udwlr= � ' Kg
u
/ zkhuh K lv d frqvwdqw/ g '

S
�g� lv wkh djjuhjdwh

sk|vlfdo fdslwdo vwrfn dqg u '
S

� u� lv wkh djjuhjdwh oderu vxsso|1 Wdnlqj wklv lqwr

dffrxqw/ wkh lqglylgxdo surgxfwlrq ixqfwlrq ehfrphv t� ' gk
� EK

g
u
u���3k� Ilupv wdnh wkh

ryhudoo fdslwdo0oderu udwlr dv jlyhq1 Frpshwlwlyh sulflqj uhvxowv lq

o n B ' k
t�
g�

c � ' E� � k�
t�
u�

+517,

zkhuh o n B lv wkh xvhu frvw ri fdslwdo dqg � lv wkh uhdo zdjh udwh dv deryh1 Htxdwlrq

+517, lpsolhv wkdw li doo �upv idfh wkh vdph idfwru sulfhv dqg wkh vdph whfkqrorj|/ wkh|

zloo kluh idfwruv dw wkh vdph sursruwlrqv1 Zulwlqj wkh lqglylgxdo surgxfwlrq ixqfwlrqv dv

t� ' Eg�

u�
�kEKg

u
��3ku�/ wkh| fdq eh djjuhjdwhg wr |lhog

t ' K�3kg +518,

Vlqfh wkh frqvwdqw K�3k lv uhsuhvhqwhg e| dq � lq prvw irupxodwlrqv ri wklv prgho/ wkh|

duh riwhq fdoohg �g�prghov1

Wr yhuli| txlfno| wkdw wklv doorzv iru frqwlqxrxv jurzwk/ qrwh wkdw pd{lpl}dwlrq ri

+515, zlwk uhvshfw wr wkh uhsuhvhqwdwlyh frqvxphuv exgjhw frqvwudlqw vwloo uhvxowv lq wkh

Hxohu htxdwlrq +516,1 Wkh lqwhuhvw udwh o ' Yt�
Yg�

� B ' kEg�

u�
�k3�EKg

u
��3k� B ' k � K�3k� B

lv lqghshqghqw ri fdslwdo1 Dv orqj dv k�K�3k : 4nB/ wklv doorzv iru d jurzwk sdwk zkhuh

doo shu fdslwd yduldeohv jurz dw d frqvwdqw srvlwlyh udwh1

Udwkhu wkdq dvvxplqj wkdw whfkqrorjlfdo jurzwk lv dq xqlqwhqwlrqdo vlgh h�hfw ri

lqyhvwphqwv lq sk|vlfdo fdslwdo/ Oxfdv +4<;;, dvvxphv lq h�hfw wkdw lw lv sursruwlrqdo

wr wkh surgxfwlrq ri kxpdq fdslwdo1 Kh lqwurgxfhv d kxpdq fdslwdo h{whuqdolw|/ zklfk
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udlvhv wkh surgxfwlylw| ri doo idfwruv1 Wklv fdq eh lqwhusuhwhg dv ehlqj dqdorjrxv wr

Urphu*v dvvxpswlrq wkdw nqrzohgjh fuhdwlrq rffxuv gxh wr vslooryhuv dvvrfldwhg zlwk

sk|vlfdo fdslwdo dffxpxodwlrq1 Zkloh vslooryhuv lq wkh Urphu0prgho duh gxh wr ohduqlqj0

e|0lqyhvwphqwv/ wkh| frph iurp lqwhudfwlrq ri vpduw shrsoh lq Oxfdv* irupxodwlrq1

Lq wkh Oxfdv0prgho lw lv qrw udz oderu/ exw kxpdq fdslwdo/ M/ wkdw lv lpsruwdqw iru

wkh surgxfwlrq ri rxwsxw= t� ' ��g@
� EM��

�3k� Lq wklv prgho yhuvlrq/ wkh dffxpxodwlrq

ri nqrzohgjh lv dvvxphg wr eh dq xqlqwhqwlrqdo vlgh h�hfw ri wkh surgxfwlrq ri kxpdq

fdslwdo � ' KM1 Djjuhjdwh kxpdq fdslwdo lv wdnhq dv jlyhq e| wkh lqglylgxdo �upv1 E|

wkh vdph dujxphqw dv deryh/ doo �upv zloo kluh kxpdq dqg sk|vlfdo fdslwdo dw wkh vdph

sursruwlrqv dqg wkxv lqglylgxdo surgxfwlrq ixqfwlrqv fdq eh hdvlo| djjuhjdwhg1

Wr rewdlq d vlpsol�hg rqh0vhfwru yhuvlrq ri wkh Oxfdv0Prgho/ ohw*v dvvxph wkdw kxpdq

fdslwdo fdq eh surgxfhg lq wkh vdph pdqqhu dv sk|vlfdo fdslwdo e| iruhjrlqj rqh xqlw ri

frqvxpswlrq/ �M ' UM � BMc zkhuh UM ghqrwhv lqyhvwphqw lq kxpdq fdslwdo1 Vlqfh wkh

frvw ri dffxpxodwlqj rqh xqlw ri sk|vlfdo fdslwdo lv wkh vdph dv dffxpxodwlqj rqh xqlw

ri kxpdq fdslwdo/ frpshwlwlrq zloo hqvxuh wkdw wkh pdujlqdo surgxfwv ri g dqg M pxvw

wkh vdph= E���kgk3�EM��3k ' E��
�

E��k�gkM3k� Wklv htxdwlrq lpsolhv wkdw wkh udwlr

ri sk|vlfdo wr kxpdq fdslwdo lv frqvwdqw lq htxloleulxp/ g
M

' k
�3k

c dqg vr lv wkh udwh ri

uhwxuq wr erwk w|shv ri fdslwdo1 Wkh djjuhjdwh surgxfwlrq ixqfwlrq fdq eh zulwwhq dv

t ' 8 Egc�u� ' t ' K�E
� � k

k
��nE�3k�g�n� +519,

Li wkhuh lv qr qrq0ulydo nqrzohgjh lq wkh hfrqrp| E� ' f�c wkhq wkh �qdo surgxfwlrq

ixqfwlrq lv ri wkh DN0w|sh= t ' E�3k
k
�E�3k�g� Eurdghqlqj wkh gh�qlwlrq ri fdslwdo/ vr

wkdw lw hqfrpsdvvhv erwk sk|vlfdo dqg kxpdq fdslwdo/ lw lv srvvleoh wr rewdlq d prgho ri

hqgrjhqrxv jurzwk hyhq zlwkrxw dq| whfkqrorjlfdo surjuhvv1

Uhwxuqlqj wr wkh lghd wkdw nqrzohgjh lv dffxpxodwhg dv d vlgh h�hfw ri kxpdq fdslwdo

surgxfwlrq +� : f�c lw wxuqv rxw wkdw lw lv srvvleoh wr frqvwuxfw d prgho ri hqgrjhqrxv

jurzwk zlwk hfrqrplhv ri vfdoh dw wkh djjuhjdwh ohyho/ zkloh pdlqwdlqlqj wkh shuihfw

frpshwlwlrq iudphzrun1 Vlqfh nqrzohgjh fuhdwlrq rffxuv dv d vlgh h�hfw ri wkh dffx0
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pxodwlrq ri d ulydo idfwru/ uhvrxufhv ghyrwhg wr lw gr qrw kdyh wr eh uhfrpshqvhg vhsd0

udwho|1 Dv orqj dv lqfuhdvlqj uhwxuqv duh gxh wr vslooryhuv rqo|/ zkloh lqglylgxdo �upv duh

idfhg zlwk whfkqrorjlhv wkdw duh frqvwdqw uhwxuqv wr vfdoh lq wkhlu fkrlfh yduldeohv/ wkh

frpshwlwlyh htxloleulxp iudphzrun grhv qrw kdyh wr eh dedqgrqhg wr rewdlq dq hqgrjh0

qrxv jurzwk prgho1 Wr vhh wkdw Urphu*v lghdv fdq eh xvhg wr frqvwuxfw d prgho zlwk

lqfuhdvlqj uhwxuqv/ dv zhoo/ mxvw uhirupxodwh wkh lqglylgxdo �up*v surgxfwlrq ixqfwlrq

dv t� ' ��gk
� Eu��

�3k� Dvvxplqj wkdw nqrzohgjh hyroyhv lq �{hg sursruwlrqv wr djjuh0

jdwh udwkhu wkdq dyhudjh fdslwdo/ � ' Kgc wkh uhvxowlqj djjuhjdwh surgxfwlrq ixqfwlrq/

t ' K�g�nku�3kc lv fohduo| vxemhfw wr hfrqrplhv ri vfdoh1

Dq dowhuqdwlyh dssurdfk wr h{sodlq jurzwk hqgrjhqrxvo| lv wr exlog d frpshwlwlyh

htxloleulxp prgho dqg glvplvv wkh qrwlrq wkdw whfkqrorjlfdo fkdqjh olhv dw wkh khduw

ri hfrqrplf jurzwk/ lq rughu wr rewdlq d prgho zlwkrxw lqfuhdvlqj uhwxuqv1 Uhehor

+4<<4, dqg Mrqhv ) Pdqxhool +4<<3, kdyh xqfryhuhg vhwv ri dvvxpswlrqv wkdw uhvxow lq

hqgrjhqrxv jurzwk zlwk frqvwdqw uhwxuqv zlwkrxw d uroh iru whfkqrorjlfdo fkdqjh1 Mrqhv

) Pdqxhool +4<<3, vkrz wkdw zkdw lv lpsruwdqw lv wr erxqg wkh pdujlqdo surgxfwlylw|

ri fdslwdo dzd| iurp }hur1 Lw lv fohdu iurp wkh Hxohu htxdwlrq +516, wkdw dv orqj dv wkh

olplw ri wkh pdujlqdo surgxfw ri fdslwdo h{fhhgv 4 n Bc rqjrlqj jurzwk ri shu fdslwd

frqvxpswlrq lv srvvleoh/ zlwkrxw d qhhg iru � wr jurz dv zhoo lq rughu wr r�vhw jurzwk

ri shu fdslwd fdslwdo1

Uhehor +4<<4, vwxglhv d pxowl0vhfwru prgho dqg vwuhvvhv wkh dvvxpswlrq wkdw wkhuh lv

d vhw ri fdslwdo jrrgv/ vxfk dv kxpdq dqg sk|vlfdo fdslwdo/ zklfk fdq eh surgxfhg zlwk0

rxw qrq0uhsurgxfleoh idfwruv +vxfk dv odqg,1 Wrjhwkhu zlwk vrph uhjxodulw| frqglwlrqv/

wklv ohdgv wr prghov ri wkh DN0ydulhw| zkhuh xqfhdvlqj jurzwk fdq wdnh sodfh zlwkrxw

h{rjhqrxv lqfuhdvhv lq surgxfwlylw| ru h{whuqdolwlhv1

Zkloh lw lv lqwhuhvwlqj wr ohduq derxw wkh frqglwlrqv iru hqgrjhqrxv jurzwk/ lw pd| qrw

eh ghvludeoh wr glvplvv wkh dvvxpswlrq wkdw lw lv whfkqrorjlfdo fkdqjh gxh wr nqrzohgjh

dffxpxodwlrq zklfk olhv dw wkh khduw ri hfrqrplf jurzwk1

Li lqwhqwlrqdo dffxpxodwlrq ri qrq0ulydo nqrzohgjh dv d uhvxow ri pdunhw lqfhqwlyhv
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lv ghhphg lpsruwdqw iru hfrqrplf jurzwk/ pdunhw0srzhu kdv wr eh lqwurgxfhg lqwr wkh

prgho1 Wkhrulhv wkdw uho| rq wklv qrwlrq ri whfkqrorjlfdo fkdqjh kdyh ehhq slrqhhuhg e|

Urphu +4<<3, dqg Djklrq ) Krzlww +4<<5,1

516 U)G edvhg Prghov ri Hqgrjhqrxv Jurzwk

51614 Lqfuhdvlqj Ydulhwlhv

Lqfuhdvlqj Ydulhwlhv ri Qrq0gxudeoh Lqwhuphgldwh Lqsxwv

Wr h{sodlq wkh hyroyhphqw ri wkh vwrfn ri nqrzohgjh hqgrjhqrxvo|/ rqh phwdskru iru

whfkqrorjlfdo fkdqjh wkdw kdv ehhq xvhg h{whqvlyho| lv wr lqwhusuhw � dv wkh udqjh ri

ydulhwlhv ri lqwhuphgldwh ru frqvxpswlrq jrrgv1 U)G h�ruw uhvxowv lq wkh ghyhorsphqw

ri qhz jrrgv dqg wkxv dq lqfuhdvh lq �� Whfkqrorjlfdo dgydqfhphqwv duh wkxv htxlydohqw

wr lqfuhdvlqj vshfldol}dwlrq lq wkhvh prghov1

Whfkqrorjlfdo fkdqjh fdq eh dvvrfldwhg zlwk frqvxpswlrq jrrgv/ pdwhuldo lqsxwv ru

fdslwdo jrrgv1 Iru hpslulfdo uhvhdufk lw lv lpsruwdqw wr qrwh wkdw lq uhdolw| whfkqrorjlfdo

fkdqjh lv olnho| wr eh dvvrfldwhg zlwk doo ri wkhvh jrrgv dw wkh vdph wlph1 Lq wkhruhwlfdo

prghov/ krzhyhu/ qrwklqj pxfk exw frpsoh{lw| lv jdlqhg zkhq prghoolqj doo ri wkhvh

skhqrphqd wrjhwkhu1 Wkhuhiruh/ lq zkdw iroorzv prghov lq zklfk whfkqrorjlfdo fkdqjh lv

dvvrfldwhg zlwk pdwhuldo lqsxwv/ fdslwdo ru frqvxpswlrq jrrgv uhvshfwlyho| duh suhvhqwhg

vhsdudwho|1

Lq d vlpsoh yhuvlrq ri dq lqfuhdvlqj ydulhwlhv prgho ã od Urphu +4<<3, d �qdo jrrgv

vhfwru surgxfhv d krprjhqrxv rxwsxw jrrg/ tc xvlqj oderu/ ut / dqg d ydulhw| ri lqwhu0

phgldwh jrrgv/ %�/ zkhuh � lqgh{hv wkh yduldqwv ri wkh jrrg1 Lq wkh vlpsohvw fdvh/ wkh

whfkqrorj| lv Free0Grxjodv=

t ' u�3k
t

] �

f

%k� _� +51:,

zkhuh f 	 k 	 �� � lv wkh �udqjh� ri lqwhuphgldwh jrrgv fxuuhqwo| dydlodeoh1 Wkh

�qdo jrrgv vhfwru lv frpshwlwlyh dqg �upv fkrrvh oderu lqsxw dqg wkh dprxqw ri hdfk
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lqwhuphgldwh jrrg/ %�c wr pd{lpl}h sur�wv� Wkh �qdo jrrgv surgxfhuv pd{lpl}h sur�wv/

u�3k
t

U �
f
%k� _���ut �

U �
f
R�%�_�c zklfk |lhogv d ghpdqg fxuyh iru wkh lqwhuphgldwh jrrg

� G

R� ' ku�3@
t %k3�� +51;,

Wkh lqwhuphgldwh jrrgv vhfwru lv frpsrvhg ri dq lq�qlwh qxpehu ri orfdo prqrsrolvwv rq

wkh lqwhuydo dfc �o� Wkh| fdq hlwkhu eh wkrxjkw ri dv ghyhorslqj sdwhqwv wkhpvhoyhv ru dv

sxufkdvlqj wkhp iurp dq U)G vhfwru dw sulfh ��1 Rqfh wkh| kdyh rewdlqhg d sdwhqw

iru jrrg �/ wkh| fdq surgxfh wkh lqwhuphgldwh jrrg dw d frqvwdqw pdujlqdo frvw ri �

xqlw ri rxwsxw shu xqlw ri lqwhuphgldwh jrrg� Wklv lpsolhv wkdw frqvxpswlrq jrrgv dqg

lqwhuphgldwh jrrgv duh surgxfhg zlwk wkh vdph whfkqrorj|1 Lw lv dssursuldwh wr wklqn

ri uhvrxufhv dv jrlqj gluhfwo| lqwr wkh lqwhuphgldwh jrrg surgxfwlrq1 Wkh vrphzkdw

duwl�fldo vwhs ri surgxflqj �qdo rxwsxw �uvw lv lqwurgxfhg iru dqdo|wlfdo wudfwdelolw|1

Ohw*v �uvw dvvxph wkdw wkh lqwhuphgldwh jrrg lv qrq0gxudeoh1 Vroylqj wkh sur�w pd{0

lpl}dwlrq sureohp/ pd{%�R�%� � %�c/ zkloh wdnlqj dffrxqw ri wkh ghpdqg ixqfwlrq iru wkh

lqwhuphgldwh jrrg +51;,/ lw wxuqv rxw wkdw wkh prqrsrolvw fkdujhv d pdun0xs ri sulfh ryhu

pdujlqdo frvw1

R� '
�

k
+51<,

Wklv sulfh vhwwlqj htxdwlrq uhdglo| lpsolhv wkdw sulfhv iru doo lqwhuphgldwh jrrgv duh wkh

vdph1 Lq wkh vwhdg| vwdwh/ d frqvwdqw iudfwlrq ri wkh oderu irufh/ uc zloo eh ghyrwhg

wr �qdo rxwsxw surgxfwlrq1 Iurp wkh ghpdqg iru lqwhuphgldwh lqsxwv +51;, lw fdq eh

lqihuuhg wkdw wkh txdqwlw| surgxfhg iru hdfk ydulhw| lv wkh vdph= %� ' %� Sur�wv duh

htxdo wr Z ' R%�% ' �3k
k
%1 Qrwh wkdw pdun0xs0sulflqj lv qhfhvvdu| iru wkh lqwhuphgldwh

jrrgv surgxfhuv wr fryhu wkh �{hg frvw ri sxufkdvlqj ru ghyhorslqj d sdwhqw iru jrrg ��

Vlqfh wkhuh lv iuhh hqwu| lqwr erwk wkh U)G dqg wkh lqwhuphgldwh jrrgv vhfwru/ wkh qhw

suhvhqw ydoxh ri sur�wv wr eh jdlqhg dv d uhvxow ri wkh surgxfwlrq ri lqwhuphgldwh jrrgv

57



zloo htxdo wkh pdunhw sulfh ri sdwhqwv/ �� '
U"
|
e3

U �
|
oEr�_rZE� �_� � Gl�huhqwldwlqj zlwk

uhvshfw wr wlph dqg qrwlqj wkdw sulfhv ri sdwhqwv duh frqvwdqw lq htxloleulxp/ dv zloo eh

dujxhg pruh suhflvho| ehorz/ |lhogv

o�� ' Z +5143,

Dw hdfk srlqw lq wlph wkh lqvwdqwdqhrxv sur�w iurp surgxflqj wkh lqwhuphgldwh jrrg

pxvw fryhu wkh lqwhuhvw frvw ri wkh ruljlqdo lqyhvwphqw lq wkh ghvljq1

Wkh vxp ri doo lqwhuphgldwh jrrgv htxdov wkh hfrqrp| zlgh xvh ri pdwhuldo lqsxwv=

� '
U �
f
%�_�� Vlqfh hdfk lqwhuphgldwh jrrgv �up surgxfhv wkh vdph dprxqw ri %/ wklv

uhodwlrq fdq dovr eh h{suhvvhg dv �% ' �� Wkhuhiruh/ wkh djjuhjdwh surgxfwlrq ixqfwlrq

iru wkh �qdo rxwsxw jrrg fdq eh zulwwhq dv=

t ' E�ut �
�3k�k +5144,

Kroglqj � frqvwdqw/ uhwxuqv wr vfdoh ri wkh surgxfwlrq ixqfwlrq ri �qdo rxwsxw duh frq0

vwdqw lq oderu dqg pdwhuldo lqsxwv1 Krzhyhu/ wkhuh duh lqfuhdvlqj uhwxuqv lq wkh ulydo

idfwruv dqg nqrzohgjh wrjhwkhu1

Lq Urphu*v +4<<3, yhuvlrq ri wkh prgho/ wkh qxpehu ri qhz sdwhqwv lv sursruwlrqdo

wr oderu ghyrwhg wr uhvhdufk dqg ghyhorsphqw=

�� ' lu�� +5145,

Wkh wrwdo dprxqw ri oderu wr eh glylghg ehwzhhq wkh �qdo jrrgv vhfwru dqg wkh U)G

vhfwru/ u ' u�nut c lv dvvxphg wr eh frqvwdqw1 Lw pd| vhhppruh frpshoolqj wr lqwhusuhw

u/ vlploduo| dv lq wkh ruljlqdo Urphu0prgho/ qrw dv vlpsoh oderu/ exw dv wkh kxpdq fdslwdo

ri zhoo0wudlqhg lqglylgxdov1 Dffruglqj wr wklv vshfl�fdwlrq ri wkh nqrzohgjh surgxfwlrq

ixqfwlrq/ wkh surgxfwlrq ri qhz lghdv uhtxluhv rqo| kxpdq fdslwdo/ exw qr lqwhuphgldwh

lqsxwv1 Wkh lghd ehklqg wklv lv wkdw wkh surgxfwlrq ri qhz lghdv lv hvshfldoo| kxpdq

58



fdslwdo lqwhqvlyh1

Wklv vshfl�fdwlrq lpsolhv wkdw wkh qxpehu ri sdwhqwv jurzv dw wkh udwh �� ' lu�1 Wkh

wrwdo dprxqw ri lqwhuphgldwh lqsxwv zloo dovr jurz dw wkdw vdph udwh ehfdxvh � ' �%c

dqg % lv frqvwdqw1 Lw lv wkhq reylrxv iurp wkh �qdo surgxfwlrq ixqfwlrq wkdw �qdo rxwsxw

shu fdslwd zloo jurz dw wkh udwh ri whfkqrorjlfdo surjuhvv1

Duelwudjh lq wkh oderu pdunhw hqvxuhv wkdw wkh zdjh wr eh hduqhg dqg wkxv wkh

pdujlqdo surgxfw ri oderu zloo eh wkh vdph lq wkh U)G vhfwru dqg lq �qdo jrrgv surgxf0

wlrq=

��l� ' E�� k�u3kt �%k ' � +5146,

Glylglqj erwk vlghv ri +5146, e| � lw ehfrphv reylrxv wkdw �� lv frqvwdqw/ dv dvvxphg

deryh1

Djdlq/ krxvhkrogv pd{lpl}h olihwlph xwlolw| +515, zlwk uhvshfw wr wkhlu exgjhw frq0

vwudlqw1 Wkh dffxpxodeoh dvvhwv lq wklv hfrqrp| duh wkh sdwhqwv iru qhz surgxfwv1 Iurp

htxdwlrq +5143, lw iroorzv wkdw wkh uhwxuq rq lqyhvwphqwv lq dvvhwv htxdov wkh lqwhuhvw udwh

o� Xwlolw| pd{lpl}dwlrq wkxv uhvxowv lq wkh idploldu Hxohu htxdwlrq +516,1

Ilqdo rxwsxw htxdov wkh vxp ri frqvxpswlrq dqg pdwhuldo lqsxwv= t ' �n�%� Glylg0

lqj e| wkh udqjh ri lqwhuphgldwh lqsxwv/ lw wxuqv rxw wkdw �
�
lv d frqvwdqw lq htxloleulxp/

ehfdxvh erwk t
�
dqg % duh frqvwdqw1 Vr frqvxpswlrq dovr jurzv dw wkh udwh ri whfkqr0

orjlfdo surjuhvv dv doo rwkhu yduldeohv1 Frpelqlqj wkh oderu pdunhw duelwudjh frqglwlrq/

+5146,/ zlwk frqglwlrq +5143, wkh ghpdqg iru lqwhuphgldwh jrrgv +51;, dqg wkh sulflqj

htxdwlrq +51<, |lhogv d uhodwlrq iru wkh dprxqw ri oderu xvhg lq �qdo jrrgv surgxfwlrq

ut ' u�u� ' o
lk
1 Lqvhuwlqj wklv lqwr wkh Hxohu htxdwlrq dqg frpelqlqj zlwk wkh jurzwk

udwh ri wkh qxpehu ydulhwlhv ri lqwhuphgldwh jrrgv/ lw wxuqv rxw wkdw wkh frpprq jurzwk

udwh ri wkh yduldeohv lq wklv prgho lv

�� '
klu� 4

j n k
+5147,

Wkh jurzwk udwh lv wkxv lqfuhdvlqj lq wkh surgxfwlylw| ri uhvhdufk oderu l dqg lq wkh vl}h
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ri wkh hfrqrp|/ u1 Lw lv ghfuhdvlqj lq wkh udwh ri wlph suhihuhqfh/ lpso|lqj wkdw wkuliwlhu

vrflhwlhv vkrxog jurz idvwhu1

Lqfuhdvlqj Ydulhwlhv ri Lqwhuphgldwh Fdslwdo Lqsxwv

Dowhuqdwlyho|/ lw lv srvvleoh wr lqwhusuhw wkh lqwhuphgldwh jrrgv dv gxudeoh/ dv lq wkh

ruljlqdo Urphu prgho ru dv lq Mrqhv +4<<8d, dqg Ulyhud0Edwl} ) Urphu +4<<4,1 Wr

ghfhqwudol}h d frpshwlwlyh htxloleulxp zlwk lqwhuphgldwh fdslwdo lqsxwv rqh srvvlelolw| lv

wr wklqn ri krxvhkrogv dv dffxpxodwlqj udz fdslwdo1 Wklv fdq eh fdswxuhg e| wkh idploldu

dffrxqwlqj htxdwlrq/ �g ' t � �c zklfk phdvxuhv lqyhvwphqw lq fdslwdo dv wkh dprxqw

ri iruhjrqh frqvxpswlrq1 Krxvhkrogv uhqw rxw udz fdslwdo dw wkh frpshwlwlyh uhqwdo udwh

wr lqwhuphgldwh jrrgv prqrsrolvwv/ zkr wudqvirup lw rqh e| rqh lqwr frpsoh{ fdslwdo

vhuylfhv ri ydulhw| �1 Lqwhuphgldwh jrrgv surgxfhuv uhqw wkh fdslwdo vhuylfhv wr �qdo jrrgv

surgxfhuv dw wkh prqrsrolvwlf uhqwdo udwh/ R�� Fdslwdo lv dvvxphg qrw wr ghsuhfldwh iru

vlpsolflw|1 Wkh frqvwdqw pdujlqdo frvw ri wkh lqwhuphgldwh jrrgv surgxfwlrq wkhuhiruh

htxdov wkh frpshwlwlyh uhqwdo udwh o1 Wkh pd{lpl}dwlrq sureohp ri lqwhuphgldwh jrrgv

surgxfhuv wkxv uhvxowv lq wkh sulflqj htxdwlrq R ' o
k
1 Dv lq wkh qrq0gxudeoh lqwhuphgldwh

jrrgv yhuvlrq wkh| fkdujh d pdun0xs ri sulfh ryhu pdujlqdo frvw ri �
k
�

Wkh vxp ri doo lqwhuphgldwh jrrgv qrz htxdov wkh hfrqrp|*v ryhudoo fdslwdo vwrfn

g '
U �
f
%�_�c zklfk fdq eh h{suhvvhg dv g ' �%c ehfdxvh erwk wkh sulfh dqg wkh

txdqwlw| ri lqwhuphgldwh lqsxwv lv frqvwdqw dv ehiruh1 Wkh djjuhjdwh surgxfwlrq ixqfwlrq

iru wkh �qdo rxwsxw fdq qrz eh zulwwhq dv=

t ' E�ut �
�3kgk +5148,

Wklv uhgxfhg irup surgxfwlrq ixqfwlrq lv frpsohwho| htxlydohqw wr wkh surgxfwlrq ixqf0

wlrq ri wkh Vrorz prgho +514,1 Lq wklv prgho yhuvlrq/ krxvhkrogv dffxpxodwh wzr gl�huhqw

w|shv ri dvvhwv/ sk|vlfdo fdslwdo/ gc dqg sdwhqwv1 Lw iroorzv iurp htxdwlrq +5143,/ wkdw

erwk |lhog uhwxuqv wkdw duh htxdo wr wkh ulvn0iuhh udwh o� Wkxv/ wkh xwlolw| pd{lpl}dwlrq

sureohp uhvxowv lq wkh xvxdo Hxohu htxdwlrq +516,1 Xvlqj frpsohwho| dqdorjrxv dujxphqwv
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dv ehiruh/ lw lv qrw gl!fxow wr yhuli| wkdw wkh glylgh ri oderu ehwzhhq uhvhdufk dqg �qdo

surgxfwlrq uhpdlqv wkh vdph dv lq wkh qrq0gxudeoh jrrgv yhuvlrq ri wkh prgho dqg vr

grhv wkh h{suhvvlrq iru wkh �qdo jurzwk udwh +5147,1 Djdlq/ shu fdslwd rxwsxw/ wkh qxp0

ehu ri lqwhuphgldwh lqsxwv/ shu fdslwd fdslwdo dqg shu fdslwd frqvxpswlrq doo jurz dw wkh

vdph udwh1

Lqfuhdvlqj Ydulhwlhv ri Frqvxphu Jrrgv

D yhuvlrq ri wkh lqfuhdvlqj ydulhwlhv prgho lq zklfk whfkqrorjlfdo fkdqjh rffxuv lq wkh

frqvxpswlrq jrrg vhfwru kdv ehhq irupxodwhg e| Jurvvpdq ) Khospdq +4<<4,1 Lq wklv

prgho krxvhkrogv pd{lpl}h olihwlph xwlolw| dv lq +515,1 Udwkhu wkdq uhsuhvhqwlqj d vlqjoh

krprjhqhrxv frqvxpswlrq jrrg/ wkrxjk/ S lv lqwhusuhwhg dv dq lqgh{ ri dq lq�qlwh qxpehu

ri ydulhwlhv ri frqvxpswlrq jrrgv/ %�/ wkdw duh glvwulexwhg ryhu wkh lqwhuydo dfc �o�

S ' i

] �

f

%0�_�j
�

0 f 	 0 � � +5149,

S uh hfwv wkh frqvxphuv* wdvwh iru glyhuvlw|1 Frpelqlqj wkh �uvw rughu frqglwlrqv ri wkh

xwlolw| pd{lpl}dwlrq sureohp iru wzr gl�huhqw ydulhwlhv |lhogv %�
%�

' R�
R�

�

03� c zkhuh R� lv wkh

sulfh ri ydulhw| �� Pxowlso|lqj erwk vlghv ri wkh htxdwlrq e| %� c wdnlqj lqwhjudov ryhu doo

ydulhwlhv � dqg uhduudqjlqj |lhogv wkh ghpdqg ixqfwlrq iru ydulhw| � G %� '
.R

�

03�
�

U �
f
R

0
03�
� _�

/ zkhuh

. '
U �
f
R�%�_� lv wkh wrwdo dprxqw ri frqvxpswlrq h{shqglwxuh1 Djdlq frqvxpswlrq

jrrgv surgxfhuv ghyhors wkhlu ydulhw| wkhpvhoyhv ru wkh| ex| sdwhqwv iru lw dw sulfh ��c

vr wkdw wkh| fdq dfw dv prqrsrolvwv1 Wkh surgxfwlrq whfkqrorj| ri wkh lqwhuphgldwh

jrrgv lv sduwlfxoduo| vlpsoh/ rqh xqlw ri oderu |lhoglqj rqh xqlw ri ydulhw| %�� Vroylqj

wkh frqvxpswlrq jrrg surgxfhuv* pd{lpl}dwlrq sureohp/ zkloh wdnlqj lqwr dffrxqw wkh

frqvxphuv* ghpdqg iru ydulhw| � |lhogv wkh sulflqj htxdwlrq

R� '
�

0
+514:,
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Djdlq/ wkh prqrsrolvwv fkdujh d pdun0xs ri sulfh ryhu pdujlqdo frvw/ zklfk doorzv wkhp

wr fryhu wkhlu uhvhdufk dqg ghyhorsphqw frvwv1 Wkh sulfh iru frqvxpswlrq jrrgv lv frq0

vwdqw dqg wkh vdph iru hdfk ydulhw|= R� ' R1 Ehfdxvh wkh gl�huhqw ydulhwlhv hqwhu wkh

xwlolw| ixqfwlrq v|pphwulfdoo|/ wklv lpsolhv wkdw wkh txdqwlw| ghpdqghg ri hdfk frqvxps0

wlrq jrrg lv wkh vdph dv zhoo/ vr wkh wrwdo dprxqw ri frqvxpswlrq �f '
U �
f
%�_� fdq eh

zulwwhq dv �f ' �%� Wkh txdqwlw| ri lqwhuphgldwh jrrgv fdq wkhq eh irupxodwhg dv

%� ' % '
.

�

�

R
+514;,

Qhz ydulhwlhv ri wkh frqvxpswlrq jrrg duh lqyhqwhg dffruglqj wr wkh vdph nqrzohgjh

surgxfwlrq ixqfwlrq dv lq wkh Urphu prgho/ +5145,1

Wkh wrwdo dprxqw ri oderu hpsor|hg lq frqvxpswlrq jrrgv surgxfwlrq htxdov uS ' �fc

zklfk lv frqvwdqw lq htxloleulxp1 Wdnlqj dffrxqw ri +514;, dqg wkh surgxfwlrq ixqfwlrq

ri lghdv +5145,/ lw wxuqv rxw wkdw oderu pdunhw uhvrxufh frqvwudlqw fdq eh zulwwhq dv

u ' .
R
n ��

l
� Wkxv .

R
lv frqvwdqw lq htxloleulxp dqg wkh txdqwlw| frqvxphg ri hdfk ydulhw|

ghfolqhv dw wkh vdph udwh dv wkh qxpehu ri ydulhwlhv lqfuhdvhv1 Ehfdxvh wkh dprxqw ri

uhvrxufhv ghyrwhg wr surgxfwlrq lq wklv hfrqrp| grhv qrw jurz/ sk|vlfdo rxwsxw fdqqrw

jurz hlwkhu1 Zkdw grhv jurz lv wkh xwlolw| ghulyhg iurp frqvxpswlrq1 Wklv fdq eh

vhhq zkhq lqvhuwlqj +514;, lqwr wkh frqvxpswlrq lqgh{ dqg uhduudqjlqj/ zklfk |lhogv

S ' �
�30
0

.
R
� Wkh frqvxpswlrq lqgh{ lv lqfuhdvlqj lq wkh qxpehu ri ydulhwlhv dqg vr

lv xwlolw|1 Wkxv lqfrph jurzv vwhdglo| lq whupv ri lwv frppdqg ryhu xwlolw|/ dowkrxjk

rxwsxw uhpdlqv frqvwdqw lq d sk|vlfdo vhqvh1

51615 Lqfuhdvlqj Surgxfw Txdolw|

Dv dq dowhuqdwlyh phwdskru iru whfkqrorjlfdo fkdqjh/ Djklrq ) Krzlww +4<<5, dvvxph

wkdw uhvhdufk dqg ghyhorsphqw lqfuhdvhv wkh txdolw| ri lqwhuphgldwh lqsxwv1 Lqqrydwlrqv

lpsuryh xsrq roghu whfkqrorjlhv zklfk duh uhsodfhg dv kljkhu0txdolw| yduldqwv duh gh0

yhorshg1 Lq wkh vslulw ri Vfkxpshwhu/ wklv wkhru| wkxv hqwdlov dq hohphqw ri fuhdwlyh

5<



ghvwuxfwlrq1 Dv lq wkh lqfuhdvlqj ydulhwlhv prghov glvfxvvhg ehiruh/ whfkqrorjlfdo fkdqjh

pdqlihvwhg lq txdolw| lpsuryhphqwv fdq eh dvvrfldwhg zlwk gl�huhqw w|shv ri jrrgv1

Jurvvpdq ) Khospdq +Jurvvpdq ) Khospdq +4<<4,/ fkdswhu 7, kdyh ghyhorshg d prgho

zkhuh lqfuhdvlqj txdolw| lv dvvrfldwhg zlwk frqvxpswlrq jrrgv1 Lq Djklrq ) Krzlww*v

+4<<5, ruljlqdo prgho ri lqfuhdvlqj surgxfw txdolw|/ whfkqrorjlfdo fkdqjh lv dvvrfldwhg

zlwk qrq0gxudeoh lqwhuphgldwh lqsxwv1 Lq wklv vhfwlrq/ d yhuvlrq ri wkhlu prgho lv suh0

vhqwhg lq zklfk lqfuhdvlqj surgxfw txdolw| lv dvvrfldwhg zlwk fdslwdo jrrgv1

Lq wklv h{whqghg pxowl0vhfwru yhuvlrq ri wkhlu ruljlqdo prgho Djklrq ) Krzlww +4<<;d,

dvvxph wkdw frqvxpswlrq jrrgv dv zhoo dv lqyhvwphqwv lq sk|vlfdo dqg U)G fdslwdo duh

surgxfhg zlwk wkh vdph whfkqrorj|

t ' � n U n U- ' u�3k

] �

f

��%
k
� _� +514<,

zkhuh u lv wkh frqvwdqw dprxqw ri oderu dqg %� wkh dprxqw ri lqwhuphgldwh fdslwdo

vhuylfhv �� Wkhuh lv d frqwlqxxp ri lqwhuphgldwh jrrgv/ lqgh{hg rq wkh xqlw lqwhuydo dfc �o1

Wkh sdudphwhu �� uhsuhvhqwv wkh surgxfwlylw| ri wkh odwhvw jhqhudwlrq ri lqwhuphgldwh

jrrg ��

Hdfk lqwhuphgldwh vhfwru lv prqrsrol}hg/ vlplodu dv lq wkh prgho deryh/ e| wkh kroghu

ri d sdwhqw wr wkh odwhvw jhqhudwlrq ri wkdw jrrg1 Dv orfdo prqrsrolvwv �upv vhoo fdslwdo

vhuylfhv ri ydulhw| � wr wkh frpshwlwlyh �qdo jrrgv surgxfhuv/ vr wkh ghpdqg ixqfwlrq

iru lqwhuphgldwh jrrgv htxdov lwv pdujlqdo surgxfw lq �qdo surgxfwlrq1 Dv lq wkh prgho

glvfxvvhg deryh/ wkh lqwhuphgldwh fdslwdo vhuylfhv duh dvvxphg wr eh surgxfhg zlwk d

vshfl�hg qxpehu ri xqlwv ri udz fdslwdo1 Surgxflqj dq dprxqw %� ri lqwhuphgldwh fdslwdo

vhuylfhv uhtxluhv ��%� xqlwv ri fdslwdo� Wklv vshfl�fdwlrq dvvxphv wkdw ehfdxvh ri lqfuhdv0

lqj frpsoh{lw| pruh surgxfwlyh w|shv ri lqwhuphgldwh lqsxwv uhtxluh d odujhu dprxqw ri

uhvrxufhv shu xqlw ri surgxfwlrq1

Dv lq wkh prghov glvfxvvhg ehiruh/ lqwhuphgldwh jrrgv surgxfhuv fkdujh d pdun0xs ri
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sulfh ryhu pdujlqdo frvw1

R� '
o��

k
+5153,

Wkh sur�w pd{lpl}lqj vxsso| lv %� ' E o
k2
�

�

k3�uc vr doo vhfwruv surgxfh wkh vdph frqvwdqw

dprxqw ri fdslwdo lqsxwv %� ' %� Ohw � ghqrwh wkh dyhudjh surgxfwlylw| dfurvv doo vhfwruv=

� '
U �
f
��_�� Hdfk vhfwru xvhv ��%� xqlwv ri wkh fdslwdo vwrfn wr surgxfh lwv fdslwdo

vhuylfhv/ vr wkhuh lv d wrwdo fdslwdo vwrfn/ g '
U �
f
��%�_�/ zklfk fdq eh h{suhvvhg dv

g ' �%� Vxevwlwxwlqj wklv lqwr +514<, |lhogv d uhgxfhg irup surgxfwlrq ixqfwlrq/ zklfk

lv htxlydohqw wr wkh surgxfwlrq ixqfwlrq ri wkh Vrorz prgho

t ' � n U n U- ' gkE�u��3k +5154,

Dq lqqrydwru zkr vxffhhgv lq lpsurylqj wkh txdolw| ri dq lqwhuphgldwh fdslwdo jrrg

� uhsodfhv wkh lqfxpehqw dqg prqrsrol}hv wklv vhfwru xqwlo wkh qh{w lqqrydwru duulyhv1

Lq wklv prgho yhuvlrq/ wkhuh lv d gl�huhqw uhvhdufk vhfwru iru hdfk lqwhuphgldwh jrrg1

Ilupv lq hdfk uhvhdufk vhfwru frpshwh wr glvfryhu wkh qh{w jhqhudwlrq ri wkdw sduwlfxodu

jrrg1 Lqqrydwruv duh dvvxphg wr exlog rq wkh ohdglqj hgjh whfkqrorj| �4@ / lqfuhdvlqj

lw e| d �{hg dprxqw ��Zkhq wklv kdsshqv/ wkh surgxfwlylw| sdudphwhu �� lq wklv vhfwru

mxpsv glvfrqwlqxrxvo| wr wkh qhz ohdglqj hgjh whfkqrorj| sdudphwhu� Hdfk glvfryhu| lv

lpsohphqwdeoh lq wkh lqqrydwru*v fkrvhq vhfwru rqo|/ exw e| dgglqj wr wkh jhqhudo nqrzo0

hgjh ri wkh vrflhw| lw doorzv wkh qh{w lqqrydwru wr glvfryhu d voljkwo| ehwwhu whfkqrorj|1

Wkhuh duh lqwhuvhfwrudo vslooryhuv/ ehfdxvh lqqrydwruv lq hdfk vhfwru kdyh iuhh dffhvv wr

wkh whfkqrorjlfdo nqrzohgjh hperglhg lq wkh ohdglqj hgjh whfkqrorj| dqg duh wkxv deoh

wr lpsuryh xsrq lw/ hyhq zkhq lqqrydwlqj lq d gl�huhqw vhfwru1 �4@ uhsuhvhqwv wkh vwdwh

ri whfkqrorj| lq wkh hfrqrp|1

Lqqrydwlrqv duh dvvxphg wr eh jryhuqhg e| d Srlvvrq surfhvv zlwk dq duulydo udwh

��-c zkhuh �- ' U-

�4@ lv wkh surgxfwlylw| dgmxvwhg ohyho ri uhvhdufk dqg � lv d frqvwdqw1

Wkxv dq hyhu0lqfuhdvlqj uhvhdufk ohyho lv qhhghg wr nhhs lqqrydwlrqv dw wkh vdph udwh1

Wkh lghd ehklqg wklv lv wkdw dv whfkqrorj| dgydqfhv/ lw ehfrphv pruh frpsoh{/ dqg wkxv
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pruh uhvrxufhv duh qhhghg wr lpsuryh xsrq lw1

Wr ghyhors dq htxdwlrq iru surgxfwlylw| jurzwk lq wkh lqfuhdvlqj ydulhwlhv prgho/

uhphpehu wkdw hdfk lqqrydwlrq udlvhv wkh ohdglqj hgjh sdudphwhu e| d idfwru �1 Wkh

h{shfwhg qxpehu ri lqqrydwlrqv dw hdfk srlqw lq wlph htxdov wkh Srlvvrq duulydo udwh ��-�

Wrjhwkhu wklv lpsolhv
��4@ 

�4@ ' ��- *? �1 Dw dq| srlqw lq wlph wkhuh zloo eh d glvwulexwlrq ri

whfkqrorj| sdudphwhuv/��/ udqjlqj iurp 3 wr�4@ dfurvv wkh vhfwruv ri wkh hfrqrp|1 Wklv

glvwulexwlrq vkliwv wr wkh uljkw ryhu wlph dv lqqrydwlqj vhfwruv pryh xs wr �4@ / zklfk

lwvhoi lqfuhdvhv gxh wr whfkqrorjlfdo surjuhvv1 Lw lv vkrzq lq dsshqgl{ E wkdw wkh orqj0uxq

glvwulexwlrq ri uhodwlyh surgxfwlylw| @� '
��

�4@ zloo dozd|v eh jlyhq e| wkh glvwulexwlrq

ixqfwlrq ME@� ' @
�

*? � cf � @ � �/ qr pdwwhu zkdw kdsshqv wr wkh devroxwh vl}h ri

surgxfwlylw| sdudphwhuv� Ehfdxvh ri wklv frqvwdqw glvwulexwlrq/ wkh dyhudjh surgxfwlylw|

sdudphwhu/ �c jurzv dw wkh vdph udwh dv wkh ohdglqj hgjh whfkqrorj|1

�� ' ��- *? � +5155,

Lq wklv prgho/ lghdv duh surgxfhg zlwk wkh vdph whfkqrorj| dv �qdo rxwsxw xvlqj erwk

oderu2kxpdq fdslwdo dqg fdslwdo1 Wklv lv lq vkdus frqwudvw wr Urphu*v +4<<3, vshfl�0

fdwlrq ri wkh nqrzohgjh surgxfwlrq ixqfwlrq +5145,/ zkhuh wkh rqo| lqsxw wr uhvhdufk

dqg ghyhorsphqw lv kxpdq fdslwdo1 Zkloh lw vhhpv frqylqflqj wr dvvxph wkdw uhvhdufk

dqg ghyhorsphqw lv kxpdq fdslwdo lqwhqvlyh/ wkh dvvxpswlrq wkdw qr sk|vlfdo fdslwdo lv

uhtxluhg lv ohvv reylrxv1 Prvw uhvhdufkhuv xvh frpsxwhuv dqg pdq| gl�huhqw nlqgv ri

oderudwru| htxlsphqw1 D rqh vhfwru yhuvlrq ri wkh lqfuhdvlqj ydulhwlhv prgho zkhuh lghdv

duh surgxfhg zlwk wkh vdph whfkqrorj| dv �qdo rxwsxw kdv ehhq h{soruhg e| Ulyhud0Edwl}

) Urphu +4<<4,1 Wkh| uhihu wr wklv vshfl�fdwlrq dv wkh ode htxlsphqw prgho1

Djklrq ) Krzlww*v +4<<5, edvlf prgho ri lqfuhdvlqj surgxfw txdolw| dvvxphv wkdw

oderu lv wkh rqo| lqsxw wr U)G1 Wkxv hlwkhu ri wkh wzr dowhuqdwlyh vshfl�fdwlrqv ri wkh

nqrzohgjh surgxfwlrq ixqfwlrq fdq eh xvhg erwk lq wkh lqfuhdvlqj ydulhwlhv dqg lq wkh

lqfuhdvlqj txdolw| prgho ri U)G edvhg jurzwk1 Qrwh wkdw wkh ode htxlsphqw yhuvlrq ri

wkh nqrzohgjh surgxfwlrq ixqfwlrq surylghv d udwlrqdoh wr phdvxuh nqrzohgjh zlwk wkh
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uhvhdufk dqg ghyhorsphqw fdslwdo vwrfn1 Dv
��
�
' ��- *? � lq wkh Djklrq ) Krzlww +4<<;d,

prgho/ wkh qxpehu ri qhz lghdv fdq eh h{suhvvhg dv �� ' �U-� Ohw @@ ghqrwh wkh frqvwdqw

udwlr ri wkh dyhudjh wr wkh ohdglqj0hgjh surgxfwlylw| @@ ' �
�4@ 1 Wkhq � ' �E*? ��@@ lv

d frqvwdqw jryhuqlqj wkh surgxfwlylw| ri wkh uhvhdufk dqg ghyhorsphqw lqsxw lqwr wkh

nqrzohgjh surgxfwlrq surfhvv� Wkh nqrzohgjh surgxfwlrq ixqfwlrq lq Ulyhud0Edwl} )

Urphu +4<<4, lv frpsohwho| htxlydohqw1 Dvvxplqj iru vlpsolflw| wkdw nqrzohgjh grhv qrw

ghsuhfldwh dqg lqwhjudwlqj wkh nqrzohgjh surgxfwlrq ixqfwlrq |lhogv

� ' �

] |

f

U-E� �_� ' �- +5156,

zkhuh - lv wkh hfrqrp|*v U)G fdslwdo vwrfn1 Lqvhuwlqj wklv lqwr wkh surgxfwlrq ixqf0

wlrq +5154,/ lw wxuqv rxw wkdw rxwsxw lv d ixqfwlrq ri oderu/ sk|vlfdo dqg U)G fdslwdo1

Wkh surgxfwlrq ixqfwlrq h{klelwv lqfuhdvlqj uhwxuqv lq wkh ulydo idfwruv dqg nqrzohgjh

wrjhwkhu1

Lq wkh vwhdg| vwdwh wkh jurzwk udwh lq +5155, lv frqvwdqw/ vr lqyhvwphqwv lq U)G jurz

dw wkh vdph udwh dv wkh ohdglqj hgjh whfkqrorj|1 Vlqfh g ' �% dqg % lv frqvwdqw/ wkh

fdslwdo vwrfn jurzv dw wkh vdph udwh1 Lw lv wkhq dssduhqw iurp wkh surgxfwlrq ixqfwlrq

+5154, wkdw wrwdo rxwsxw jurzv dw wkdw vdph udwh dv zhoo1 Fdslwdo lv dvvxphg qrw wr

ghsuhfldwh iru vlpsolflw|/ vr U ' �g1 Glylglqj e| g dqg uhfrjql}lqj wkdw wkh jurzwk udwh

ri fdslwdo lv frqvwdqw lq wkh vwhdg| vwdwh lw iroorzv wkdw lqyhvwphqwv lq sk|vlfdo fdslwdo

dovr jurz dw wkh vdph udwh dv dyhudjh surgxfwlylw|1 Lw fdq wkhq eh frqfoxghg iurp wkh

hfrqrp|*v uhvrxufh frqvwudlqw t ' � n U n U- wkdw frqvxpswlrq jurzv dw wkh udwh ri

whfkqrorjlfdo fkdqjh dv wkh rwkhu yduldeohv1

Dv wkhuh lv iuhh hqwu| lq wkh lqwhuphgldwh jrrgv vhfwru/ wkh sulfh ri d sdwhqw htxdov

wkh qhw suhvhqw ydoxh ri wkh h{shfwhg sur�wv wr eh hduqhg e| hdfk lqwhuphgldwh fdslwdo

jrrgv �up ehiruh d qhz lqqrydwru duulyhv lq wkdw vhfwru1 Wkh suredelolw| ri qrw ehlqj

uhsodfhg ehiruh shulrg � htxdov e3��
-� dqg rshudwlqj sur�wv ri d �up wkdw lqqrydwhg dw

wlph | duh ZE|� ' E� � k�ku�3k�&k�E|�4@ zlwk �& ' % ' g
�
� Vr wkh sulfh ri d sdwhqw iru

wklv �up*v surgxfw htxdov ��E|� '
E�3k�ku�3k�&k�E|�4@ 

��-no
� Lqfuhdvlqj lqyhvwphqwv lq U)G e|
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rqh xqlw udlvhv uhvhdufk frvwv e| � dqg h{shfwhg uhyhqxhv e| ��� �
�4@ � Ehfdxvh wkhuh lv

iuhh hqwu| lqwr wkh uhvhdufk vhfwru wklv lpsolhv

� ' �
E�� k�ku�3k�&k

��- n o
+5157,

Dv lq wkh lqfuhdvlqj ydulhwlhv prgho/ erwk w|shv ri dvvhwv/ sk|vlfdo fdslwdo dqg sdwhqwv/

|lhog wkh ulvn iuhh udwh o15 Wkxv/ wkh xwlolw| pd{lpl}dwlrq sureohp uhvxowv lq wkh xvxdo

Hxohu htxdwlrq +516,1 Wrjhwkhu zlwk wkh }hur0sur�w frqglwlrq iru uhvhdufk dqg +5155,/ wklv

lpsolhv wkdw wkh htxloleulxp jurzwk udwh iru rxwsxw/ fdslwdo/ frqvxpswlrq dqg surgxf0

wlylw| zloo eh

�� '
j *? �

Ej2 *? � n j�
E�E�� k�ku�3k�&k � 4� +5158,

Vlploduo| dv wkh lqfuhdvlqj ydulhwlhv prghov/ jurzwk lv kljkhu lq wkuliwlhu vrflhwlhv/ dv wkh

htxloleulxp jurzwk udwh ghfuhdvhv lq wkh udwh ri wlph suhihuhqfh1 Dq lqfuhdvh lq wkh duulydo

udwh sdudphwhu � erwk lqfuhdvhv dqg ghfuhdvhv wkh pdujlqdo frvw ri lqyhvwphqwv lq U)G1

Rq wkh rqh kdqg/ U)G lv pruh olnho| wr uhvxow lq d vxffhvvixo lqyhqwlrq li � lv kljkhu/

rq wkh rwkhu kdqg wkh suredelolw| ri ehlqj uhsodfhg qh{w shulrg lqfuhdvhv1 Dv dssduhqw

lq +5158,/ wkh �uvw h�hfw grplqdwhv1 Wkhuh lv wkh vdph vfdoh h�hfw dv lq wkh lqfuhdvlqj

ydulhwlhv prgho/ dv wkh hfrqrp|*v jurzwk udwh lqfuhdvhv lq wkh qxpehu ri shrsoh lq wkh

hfrqrp|1

Wklv vfdoh h�hfw lqkhuhqw lq doo ri wkh U)G edvhg jurzwk prghov glvfxvvhg vr idu lv

qrw zlwkrxw sureohpv/ dv zloo eh glvfxvvhg lq wkh qh{w vhfwlrq1

5Vlqfh wkhuh lv d frqwlqxxp ri vhfwruv zlwk lqghshqghqw udwh ri fuhdwlyh ghvwuxfwlrq/ wkh uhwxuq wr d

sdwhqw mxvw htxdov wkh ulvn0iuhh udwh1
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517 Wkh Sureohp ri Vfdoh H�hfwv

Wkh vrxufh ri wkh vfdoh h�hfw lq wkh lqfuhdvlqj ydulhwlhv prghov glvfxvvhg ehiruh lv wkh

nqrzohgjh surgxfwlrq ixqfwlrq +5145,1 Dv wkh srsxodwlrq lqfuhdvhv/ vr grhv wkh dprxqw

ri oderu ghyrwhg wr U)G1 Dffruglqj wr wkh nqrzohgjh surgxfwlrq ixqfwlrq/ wklv uhvxowv lq

dq lqfuhdvh ri surgxfwlylw| jurzwk dqg wkxv dq lqfuhdvh ri wkh frpprq jurzwk udwh ri doo

pdmru pdfurhfrqrplf yduldeohv lq wkh prgho1 Mrqhv +4<<8e, vkrzv wkdw wklv lv vwurqjo| dw

rggv zlwk wkh hpslulfdo hylghqfh1 Wkh vl}h ri wkh oderu irufh lq dgydqfhg hfrqrplhv kdv

jurzq gudpdwlfdoo| ryhu wkh sdvw ghfdghv/ exw dyhudjh jurzwk udwhv kdyh ehhq uhodwlyho|

frqvwdqw ru kdyh hyhq ghfolqhg1 Wkh gluhfw hylghqfh djdlqvw wkh nqrzohgjh surgxfwlrq

ixqfwlrq +5145, lv htxdoo| frpshoolqj1 Zkloh wkh qxpehu ri vflhqwlvwv dqg hqjlqhhuv

hqjdjhg lq U)G kdv jurzq frqwlqxrxvo| lq lqgxvwuldol}hg frxqwulhv lq wkh srvw0zdu hud/

wrwdo idfwru surgxfwlylw| +WIS, 0 li dq|wklqj 0 kdv ehhq ghfolqlqj1

Wr jhw ulg ri wklv frxqwhuidfwxdo vfdoh h�hfw/ zkloh pdlqwdlqlqj wkh edvlf ihdwxuhv ri

U)G edvhg jurzwk prghov/ Mrqhv +4<<8d, uhfrqvlghuv wkh lqwhuwhpsrudo vslooryhu lq wkh

nqrzohgjh surgxfwlrq ixqfwlrq +5145, lq Urphu*v +4<<3, prgho1 Lw pd| vhhp sodxvleoh wr

dvvxph wkdw dw ohdvw vrph sduw ri suhylrxvo| dffxpxodwhg nqrzohgjh lv iuhho| dydlodeoh

wr uhvhdufkhuv khoslqj wkhp wr ghyhors hyhu pruh frpsoh{ lghdv1 \hw/ lw lv udwkhu gl!fxow

wr dujxh zk| wklv lqwhuwhpsrudo vslooryhu vkrxog eh olqhdu dv lq +5145,1 Dw wkh vdph

wlph olqhdulw| lv qhfhvvdu| wr hqvxuh xqfhdvlqj jurzwk1 Wdnlqj d forvhu orrn dw wkh

duelwudjh htxdwlrq +5146, lw wxuqv rxw wkdw li wkh nqrzohgjh surgxfwlrq ixqfwlrq zhuh

vrph frqfdyh ixqfwlrq lq �c udwkhu wkdq ehlqj olqhdu/ wkh pdujlqdo surgxfw ri oderu

lq wkh uhvhdufk vhfwru zrxog ghfuhdvh dv � jurzv/ gudjjlqj oderu rxw ri uhvhdufk dqg

xowlpdwho| eulqjlqj jurzwk wr d kdow1 Wkxv/ xqfhdvlqj jurzwk lv srvvleoh rqo| ehfdxvh ri

wkh vshfl�f ixqfwlrqdo irup wkdw lv dvvxphg iru wkh nqrzohgjh surgxfwlrq ixqfwlrq1

Mrqhv +4<<8d, jhqhudol}hv wkh nqrzohgjh surgxfwlrq ixqfwlrq +5145, e| ixuwkhu vshfl0

i|lqj wkh dyhudjh uhvhdufk surgxfwlylw| l� Lqglylgxdo uhvhdufkhuv wdnh l dv jlyhq/ vr wkdw

iurp dq lqglylgxdo vwdqgsrlqw/ wkh surgxfwlrq ixqfwlrq ri nqrzohgjh lv wkh vdph dv lq

+5145,1 Iurp d vrflhw|*v vwdqgsrlqw/ krzhyhu/ wkh surgxfwlylw| ri U)G/ lc fdq eh ixuwkhu
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vshfl�hg/ dv lw pd| ydu| zlwk wkh dprxqw ri U)G h{shqglwxuhv dqg wkh h{lvwlqj vwrfn

ri lghdv= l ' ub&3�
� �)&3�1 Wkxv/ wkh nqrzohgjh surgxfwlrq ixqfwlrq ehfrphv=

�� ' ub&
� �)& +5159,

b& � � fdswxuhv frqjhvwlrq h{whuqdolwlhv1 Dq lqfuhdvh lq U)G h�ruw lqgxfhv gxsolfdwlrq

zklfk uhgxfhv wkh dyhudjh surgxfwlylw| ri U)G1 Wklv lv vrphwlphv fdoohg d vwhsslqj rq

wrhv h�hfw1 )& 9' f doorzv iru lqwhuwhpsrudo nqrzohgjh vslooryhuv zklfk pd| eh srvlwlyh

ru qhjdwlyh/ ghshqglqj rq zkhwkhu wkhuh duh glplqlvklqj whfkqrorjlfdo rssruwxqlwlhv ru

zkhwkhu wkh ghyhorsphqw ri qhz lghdv ehfrphv hdvlhu dv uhvhdufkhuv fdq exlog rq pruh

dqg pruh h{lvwlqj nqrzohgjh1 Doo wkh rwkhu hohphqwv ri Urphu*v +4<<3, prgho uhpdlq

wkh vdph1

Lq wklv prgho yhuvlrq/ lw lv qhfhvvdu| wr dvvxph srsxodwlrq jurzwk/ lq rughu wr eh deoh

wr h{sodlq xqfhdvlqj jurzwk ri shu fdslwd yduldeohv zlwklq wkh prgho1 Ohw ? ghqrwh wkh

h{rjhqrxv udwh ri srsxodwlrq jurzwk1 Glylglqj +5159, e| �c gl�huhqwldwlqj zlwk uhvshfw

wr wlph/ dqg revhuylqj wkdw wkh jurzwk udwh ri � lv frqvwdqw lq wkh vwhdg| vwdwh/ lw wxuqv

rxw wkdw wkh vwhdg| vwdwh jurzwk udwh ri wkh vwrfn ri nqrzohgjh lv htxdo wr

��

�
'

b&?

� � )&
+515:,

Rq d edodqfhg jurzwk sdwk doo shu fdslwd yduldeohv jurz dw wkh vdph udwh dv wkh qxpehu

ri ydulhwlhv ri lqwhuphgldwh jrrgv/ zklfk lv wkh phwdskru iru whfkqrorjlfdo fkdqjh lq wklv

prgho1 Wkxv/ lq wklv uhylvhg yhuvlrq ri dq lqfuhdvlqj ydulhwlhv prgho/ wkh hfrqrp|*v

jurzwk udwh ghshqgv rq wkh jurzwk udwh ri srsxodwlrq udwkhu wkdq rq lwv ohyho1 Fohduo|/

wklv lv pruh lq olqh zlwk wkh hpslulfdo hylghqfh wkdq wkh edvlf lqfuhdvlqj ydulhwlhv prgho/

dowkrxjk lwv hvvhqwldo ihdwxuhv duh pdlqwdlqhg1 Nqrzohgjh fuhdwlrq lv d uhvxow ri gholehudwh

lqyhvwphqwv lq U)G uhvsrqglqj wr pdunhw lqfhqwlyhv1 Lqqrydwlyh �upv kdyh wr fkdujh d

pdun0xs ri sulfh ryhu pdujlqdo frvw wr fryhu wkh �{hg frvwv ri nqrzohgjh fuhdwlrq1 Wkh

uhgxfhg irup djjuhjdwh surgxfwlrq ixqfwlrq +5148, uhpdlqv wkh vdph dv lq wkh Urphu
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prgho/ vr wkhuh duh lqfuhdvlqj uhwxuqv wr vfdoh lq ulydo idfwruv dqg nqrzohgjh wrjhwkhu1

Lq prghov lq zklfk lqqrydwlrqv duh dvvxphg wr eh surgxfhg zlwk erwk fdslwdo dqg

oderu dv lq Djklrq ) Krzlww +4<<;d, dqg Ulyhud0Edwl} ) Urphu +4<<4, wkh vfdoh h�hfw

lv ohvv dssduhqw iurp wkh nqrzohgjh surgxfwlrq ixqfwlrq lwvhoi1 Lq wkh ode htxlsphqw

yhuvlrq ri wkh nqrzohgjh surgxfwlrq ixqfwlrq/ wkhuh lv qr lqwhuwhpsrudo vslooryhu1 Wkh

qxpehu ri lqqrydwlrqv lv sursruwlrqdo wr lqyhvwphqwv lq U)G/ zklfk wkxv kdyh wr jurz

dw wkh vdph udwh dv wkh vwrfn ri nqrzohgjh wr jxdudqwhh d frqvwdqw jurzwk udwh ri qhz

lghdv1 \hw/ wkhuh vwloo lv d vfdoh h�hfw dv dssduhqw lq wkh htxdwlrq iru wkh htxloleulxp

jurzwk udwh +5158,1 Dq lqfuhdvh lq u/ wkh vl}h ri wkh hfrqrp|/ lqfuhdvhv wkh wrwdo uhqw

wr eh fdswxuhg e| vxffhvvixo lqqrydwruv1 Wklv vkrxog lqfuhdvh wkh htxloleulxp dprxqw ri

uhvrxufhv ghyrwhg wr lqqrydwlyh dfwlylw|/ zklfk lq wxuq lqfuhdvhv wkh htxloleulxp jurzwk

udwh ri wkh hfrqrp|1 Lq idfw/ wklv lv wkh phfkdqlvp lq zklfk wkh vl}h ri wkh srsxodwlrq/ uc

lq xhqfhv wkh htxloleulxp jurzwk udwh lq wkh Djklrq ) Krzlww +4<<;d, prgho ghvfulehg

deryh1 Wkh lqwhuphgldwh jrrgv surgxfhuv* rshudwlqj sur�w lv sursruwlrqdo wr wkh vl}h ri

wkh hfrqrp|*v srsxodwlrq dqg vr lv wkh pdujlqdo surgxfw ri lqfuhdvlqj uhvrxufhv ghyrwhg

wr U)G/ zkloh wkh pdujlqdo frvw lv frqvwdqw1 Iru wkh uhvhdufk duelwudjh frqglwlrq +5157,

wr frqwlqxh wr krog/ hlwkhu wkh lqwhuhvw udwh/ oc ru wkh dprxqw ri surgxfwlylw| dgmxvwhg

uhvrxufhv ghyrwhg wr uhvhdufk/ �-c ru erwk kdyh wr lqfuhdvh zkhq wkh srsxodwlrq lqfuhdvhv1

Wkh Hxohu htxdwlrq +516, dqg +5155, lpso| wkdw erwk h�hfwv zloo ohdg wr dq lqfuhdvh lq wkh

htxloleulxp jurzwk udwh16 Wkh phfkdqlvp ohdglqj wr d vfdoh h�hfw lq wkh Ulyhud0Edwl} )

Urphu +4<<4, prgho lv yhu| vlplodu1

Dwwhpswv e| \rxqj +4<<;, dqg Djklrq ) Krzlww +4<<;e,/ fkdswhu 6/ dqg rwkhuv

wr holplqdwh wklv vfdoh h�hfw duh edvhg rq wkh lghd wkdw d ulvh lq wkh sur�wdelolw| ri

lqqrydwlyh dfwlylw| gxh wr wkh h{sorlwdwlrq ri vfdoh h�hfwv pd| uhvxow lq dq lqfuhdvhg

6Lw fdq eh yhul�hg wkdw erwk wkh lqwhuhvw udwh dqg wkh Srlvvrq duulydo udwh #lU lqfuhdvh1 Wkh lqwhuhvw

udwh lv slqqhg grzq e| wkh htxloleulxp ghpdqg iru lqwhuphgldwh fdslwdo vhuylfhv u @ �5�n��4O4��=

Reylrxvo|/ lw lqfuhdvhv zlwk wkh vl}h ri wkh srsxodwlrq1 Wkh uhvhdufk duelwudjh frqglwlrq lpsolhv wkdw

#lU @ #+4��,�O4���n� � �5�n��4O4��= Lq dq htxloleulxp zlwk srvlwlyh lqyhvwphqwv lq U)G/ wkh �uvw

whup ri wkh uljkw kdqg vlgh ri wkh htxdwlrq kdv wr eh juhdwhu wkdq wkh vhfrqg whup1 Dv d gluhfw uhvxow ri

wklv #lU lqfuhdvhv lq wkh vl}h ri wkh srsxodwlrq dv zhoo1
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ydulhw| ri gl�huhqwldwhg vroxwlrqv wr vlplodu sureohpv1 D kljkhu qxpehu ri whfkqrorjlhv

+h1j1 dq lqfuhdvh lv wkh qxpehu dqg w|shv ri fduv, udlvhv wkh xwlolw| ri wkh frqvxphuv1

\hw/ li frqwlqxhg lpsuryhphqw ri dq lqfuhdvlqj ydulhw| ri whfkqrorjlhv uhtxluhv lqfuhdvhg

uhvhdufk lqsxw/ ehfdxvh lw kdv wr eh vsuhdg ryhu pruh vhfwruv/ d ulvh lq wkh vfdoh ri wkh

pdunhw frxog lqfuhdvh wkh htxloleulxp txdqwlw| ri U)G zlwkrxw lqfuhdvlqj wkh hfrqrp|*v

jurzwk udwh1

Wr vhh krz wklv h�hfw rshudwhv/ ohw*v prgli| wkh surgxfwlrq ixqfwlrq ri wkh Djklrq )

Krzlww +4<<;d, prgho

t ' � n U n U- ' u�3k'k3�

] '

f

��%
k
� _� +515;,

zkhuh ' lv wkh udqjh ri ydulhwlhv wkdw kdyh ehhq lqyhqwhg1 Wkh dyhudjh surgxfwlylw| ri wkh

hfrqrp| lv qrz gh�qhg dv � ' �
'

U '
f
��_�� Dv lq wkh edvlf prgho hdfk vhfwru zloo vxsso|

wkh vdph dprxqw ri lqwhuphgldwh fdslwdo vhuylfhv/ zklfk pxvw eh wkh fdslwdo lqwhqvlw| shu

vhfwru/ Y& ' g
�'

c iru wkh fdslwdo pdunhw wr fohdu� Wklv lpsolhv h{dfwo| wkh vdph djjuhjdwh

surgxfwlrq ixqfwlrq dv lq wkh edvlf prgho +5154, lq zklfk wkh qxpehu ri lqwhuphgldwh

vhfwruv kdv qr h�hfw1

Krul}rqwdo lqqrydwlrqv duh dvvxphg wr rffxu wkurxjk vhuhqglslwrxv lplwdwlrqv/ vr

qrerg| vshqgv dq| uhvrxufhv rq wklv1 Hyhu| shuvrq lq wkh hfrqrp| kdv wkh vdph Srlvvrq

duulydo udwh/ ��c iru lqqrydwlrqv/ vr wkh qxpehu ri ydulhwlhv hyroyhv dffruglqj wr �' ' ��u�

Wkh qxpehu ri zrunhuv shu vhfwru zloo frqyhujh wr d frqvwdqw * ' u
'

' ?
��

zkhuh ? lv

djdlq wkh srsxodwlrq jurzwk udwh17

Wkh jurzwk ri nqrzohgjh ghshqgv rqo| rq yhuwlfdo lqqrydwlrqv zklfk duulyh zlwk wkh

vdph duulydo udwh dv ehiruh1 Lw lv dvvxphg wkdw wkh udwh e| zklfk lqqrydwlrqv lqfuhdvh

wkh hfrqrp|*v vwrfn ri nqrzohgjh/ �
'
*? �c lv lqyhuvho| uhodwhg wr wkh qxpehu ri vhfwruv lq

wkh hfrqrp|1 Wklv fdswxuhv wkh lghd wkdw hdfk yhuwlfdo lqqrydwlrq uhsuhvhqwv d vpdoohu

sursruwlrqdo lqfuhdvh wr wkh ryhudoo vwrfn ri nqrzohgjh dv vhfwruv ehfrph pruh vshfldol}hg

7Iurp bT @ #lO dqg bO @ qO lw iroorzv wkdw wkh gl�huhqwldo htxdwlrq gulylqj o lv bo @ qo�#lq
5> zklfk

frqyhujhv dv|pswrwlfdoo| wr wkh frqvwdqw ydoxh o @ q
#

l

=

6;



gxh wr lqfuhdvhv lq ydulhwlhv1 Wkh surgxfwlylw| jurzwk udwh lv wkxv

�� ' �
�-

'
*? � ' ���- *? � +515<,

zkhuh ��- ' U-

�4@ '
1 Dv wkh srsxodwlrq jurzv lq wklv prgho yhuvlrq/ wkh surgxfwlylw|

jurzwk udwh lv dovr wkh frpprq jurzwk udwh ri doo shu fdslwd yduldeohv/ zkloh wkh ohyho

ri rxwsxw frqvxpswlrq dqg fdslwdo jurzv dw wkh vxp ri wkh srsxodwlrq dqg surgxfwlylw|

jurzwk udwhv1

Wkh ghpdqg ixqfwlrq idflqj hdfk prqrsrolvw kdv wr eh prgl�hg lq wkdw wkh oderu irufh

shu vhfwru , hqwhuv lw zkhuh djjuhjdwh oderu irufh xvhg wr1 Wkxv/ wkh uhvhdufk duelwudjh

frqglwlrq ehfrphv � ' � E�3k�k,�3k�&k

���-no
� Vlqfh , lv sursruwlrqdo wr ?c wklv lpsolhv wkdw wkh

htxloleulxp jurzwk udwh ghshqgv rq wkh srsxodwlrq jurzwk udwh udwkhu wkdq rq lwv ohyho1

Wkh vfdoh h�hfw lpsolhg e| wkh �uvw urxqg ri U)G edvhg jurzwk prghov lv fohduo|

dw rggv zlwk wkh hpslulfdo hylghqfh1 \hw/ wkhuh duh vhyhudo zd|v wr holplqdwh wklv vfdoh

h�hfw/ zkloh suhvhuylqj wkh lpsruwdqw ihdwxuhv ri U)G edvhg prghov/ qdpho| wkh qrwlrq

wkdw nqrzohgjh fuhdwlrq uhvxowv iurp pdunhw lqfhqwlyhv1 Wkh qh{w vhfwlrq glvfxvvhv/ krz

wkh suhvhqwhg wkhru| lv xvhg wr vwuxfwxuh wkh hpslulfdo lqyhvwljdwlrq lq wkh iroorzlqj

fkdswhuv1

518 Lpsolfdwlrqv iru Hpslulfdo Uhvhdufk

Iurp wkh suhfhglqj glvfxvvlrq lw lv fohdu wkdw whfkqrorjlfdo fkdqjh fdq eh dvvrfldwhg

zlwk frqvxpswlrq jrrgv/ pdwhuldo lqsxwv ru fdslwdo jrrgv lq U)G edvhg jurzwk prghov1

Dv vwuhvvhg ehiruh/ lq uhdolw| whfkqrorjlfdo fkdqjh lv olnho| wr eh dvvrfldwhg zlwk doo

ri wkhvh jrrgv dw wkh vdph wlph1 Wkh surgxfwlrq ixqfwlrq xvhg lq hpslulfdo uhvhdufk

vkrxog lqfoxgh erwk pdwhuldo lqsxwv dqg fdslwdo dv idfwru lqsxwv wr doorz iru whfkqlfdo

fkdqjh wr eh dvvrfldwhg zlwk hlwkhu rqh ri wkhp1 Dv whfkqrorjlfdo fkdqjh hperglhg lq

lqwhuphgldwh lqsxwv zloo dozd|v eh dvvrfldwhg zlwk pdunhw0srzhu/ ydoxh0dgghg lv qrw wkh

lghdo rxwsxw frqfhsw iru hpslulfdo zrun wkdw lqyhvwljdwhv U)G edvhg prghov ri hfrqrplf
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jurzwk1 Edvx ) Ihuqdog +4<<8, dqg Edvx ) Ihuqdog +4<<:, kdyh vkrzq wkdw xvlqj ydoxh

dgghg gdwd lv yhu| olnho| wr eldv uhvxowv frqfhuqlqj hvwlpdwhv ri hfrqrplhv ri vfdoh dqg

h{whuqdolwlhv/ li pdwhuldo lqsxwv duh qrw surgxfhg lq frpshwlwlyh pdunhwv1 Wklv zloo eh

glvfxvvhg lq pruh ghwdlo lq wkh qh{w fkdswhu1

Uhjdugohvv ri wkh phwdskru wkdw lv xvhg iru whfkqrorjlfdo fkdqjh dqg ri wkh w|sh ri

jrrg zlwk zklfk lw lv dvvrfldwhg/ wkh edvlf suhglfwlrqv ri U)G edvhg jurzwk prghov duh

dozd|v wkh vdph1 Wkhuh lv lpshuihfw frpshwlwlrq lq lqqrydwlyh pdunhwv/ ehfdxvh vrphkrz

�upv kdyh wr uhfryhu wkh �{hg frvwv ri nqrzohgjh fuhdwlrq1 U)G fdslwdo vwrfnv hqwhu wkh

djjuhjdwh surgxfwlrq ixqfwlrq dv dq dgglwlrqdo surgxfwlrq idfwru/ ehfdxvh nqrzohgjh lv

hperglhg lq lqwhuphgldwh lqsxwv1

Zkhq wklqnlqj derxw lqgxvwu| gdwd/ lw vhhpv uhdvrqdeoh wr dvvxph wkdw hdfk lqgxvwu|

hqjdjhv lq vhyhudo li qrw doo ri wkh dfwlylwlhv ghvfulehg lq U)G edvhg jurzwk prghov1

Pdq| lqgxvwulhv surgxfh frqvxpswlrq jrrgv/ fdslwdo jrrgv dqg pdwhuldo lqsxwv1 Dw wkh

vdph wlph/ wkh| shuirup U)G wr ghyhors qhz ru lpsuryhg surgxfwv ru pruh h!flhqw

surgxfwlrq surfhvvhv1

U)G edvhg prghov ri hfrqrplf jurzwk lpso| vhyhudo irupv ri nqrzohgjh vslooryhuv1

Sxufkdvlqj pdwhuldo lqsxwv ru fdslwdo jrrgv iurp rwkhu lqgxvwulhv/ hdfk lqgxvwu| pd|

wdnh dgydqwdjh ri hperglhg whfkqrorjlfdo dgydqfhphqwv ghyhorshg hovhzkhuh1 Lqgxvwulhv

fdq wkxv hqmr| nqrzohgjh vslooryhuv wkurxjk wudgh/ ehfdxvh wkh| gr qrw kdyh wr ghyhors

wklv qhz ru lpsuryhg ydulhw| wkhpvhoyhv1 D vhfrqg/ glvhperglhg vslooryhu dvvrfldwhg zlwk

wkh nqrzohgjh surgxfwlrq surfhvv lv lqkhuhqw erwk lq wkh lqfuhdvlqj txdolwlhv yhuvlrq ri

U)G edvhg jurzwk prghov dqg lq wkh nqrzohgjh surgxfwlrq ixqfwlrq +5145,1 Lqqrydwruv

fdq wdnh dgydqwdjh ri whfkqrorjlfdo dgydqfhphqwv pdgh ehiruh/ ehfdxvh wkh| kdyh iuhh

dffhvv wr wkh h{lvwlqj whfkqrorjlfdo nqrzohgjh ri wkh hfrqrp| dqg duh wkxv deoh wr exlog

xsrq wkhp1

Iru hpslulfdo sxusrvhv/ lw lv suhihudeoh wr fkrrvh d pruh jhqhudo surgxfwlrq ixqfwlrq

wkdq wkh Free0Grxjodv ixqfwlrqdo irup1 D jhqhudo surgxfwlrq whfkqrorj| iru lqgxvwu|

�/ zklfk hqfrpsdvvhv wkh pruh uhohydqw ihdwxuhv ri U)G edvhg jurzwk prghov/ frxog eh
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uhsuhvhqwhg dv

t� ' 8 Eg�c u�c��c -�c ���-�c ���-�c |� +5163,

Lqgxvwu| � surgxfhv lwv rxwsxw/ t�c xvlqj oderu/ u�c pdwhuldo lqsxwv/ ��c dqg lwv sk|vlfdo

fdslwdo vwrfn/ g�� Whfkqrorjlfdo surjuhvv gxh wr lqqrydwlrqv ghyhorshg lq lqgxvwu| � duh

fdswxuhg e| lwv U)G fdslwdo vwrfn/ -�� Rwkhu lqgxvwulhv* nqrzohgjh fdslwdo vwrfnv pd|

hqwhu wkh surgxfwlrq ixqfwlrq/ ehfdxvh wkh| duh hperglhg lq lqwhuphgldwh fdslwdo ru qrq0

gxudeoh lqsxwv wkdw duh xvhg lq wkh surgxfwlrq surfhvv1 Dw wkh vdph wlph/ wkhuh pd|

eh vslooryhuv dvvrfldwhg zlwk wkh nqrzohgjh surgxfwlrq surfhvv/ vr wkdw rwkhu lqgxvwulhv*

nqrzohgjh vwrfnv lqfuhdvh whfkqrorjlfdo fkdqjh lq lqgxvwu| �� Wkh wlph wuhqg | fdswxuhv

dq| whfkqrorjlfdo surjuhvv gxh wr idfwruv wkdw duh h{rjhqrxv wr wkh prgho/ vxfk dv ehwwhu

rujdql}dwlrq ru d fkdqjh lq jryhuqphqw uhjxodwlrqv1

Hdfk lqgxvwu| wkdw dfwxdoo| frqgxfwv uhvhdufk dqg ghyhorsphqw/ vkrxog eh h{shfwhg

wr fkdujh d pdun0xs ri sulfh ryhu pdujlqdo frvw wr fryhu wkh �{hg frvw dvvrfldwhg zlwk

nqrzohgjh fuhdwlrq1 Pdun0xsv pd| eh h{shfwhg wr eh kljkhu lq lqgxvwulhv zkhuh wkh

U)G0lqwhqvlw|/ dv phdvxuhg e| wkh udwlr ri U)G h{shqglwxuhv wr rxwsxw/ lv uhodwlyho|

kljk1 Krzhyhu/ pdunhw0srzhu dqg wkh vl}h ri pdun0xsv fdq eh uhodwhg wr pdq| rwkhu

wklqjv wkdq d sdwhqw ru whfkqrorjlfdo nqrzohgjh wkdw fdq h�hfwlyho| eh klgghq iurp rwkhu

surgxfhuv1 Pdunhw0srzhu pd| eh gxh wr prqrsro| uljkwv judqwhg e| wkh jryhuqphqw ru

wkh ohyho ri surwhfwlrq iurp lqwhuqdwlrqdo wudgh1 Pruhryhu/ wkh vl}h ri wkh pdun0xs dovr

ghshqgv rq wkh sulfh hodvwlflw| ri pdunhw ghpdqg1

Hfrqrplhv ri vfdoh pd| eh revhuyhg lq lqgxvwulhv frqgxfwlqj uhvhdufk dqg ghyhors0

phqw ehfdxvh ri wkh �{hg frvw dvvrfldwhg zlwk nqrzohgjh fuhdwlrq1 Lq wkh djjuhjdwh

surgxfwlrq ixqfwlrqv +5154,/ +5148, dqg +5144, wkhuh duh hfrqrplhv ri vfdoh lq ulydo idf0

wruv dqg U)G wrjhwkhu1 U)G iurp rwkhu lqgxvwulhv/ zklfk lv hperglhg lq lqwhuphgldwh

jrrgv/ pd| frqvwlwxwh dq h{whuqdo vrxufh ri hfrqrplhv ri vfdoh1

Li qhlwkhu hfrqrplhv ri vfdoh qru pdun0xsv qru dq| lpsdfw ri U)G rq rxwsxw dqg

surgxfwlylw| jurzwk fdq eh irxqg lq wkh hpslulfdo lqyhvwljdwlrq/ wklv zrxog eh fohdu

hylghqfh lq idyru ri wkh Vrorz jurzwk prgho1 Wkh vrxufh ri surgxfwlylw| jurzwk zrxog
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wkhq uhpdlq xqfohdu dv lq wkh prgho1 Li lqvwhdg/ hfrqrplhv ri vfdoh duh irxqg/ exw qr

pdun0xsv/ wklv zrxog vxjjhvw wkdw Urphu*v +4<;9, dqg Oxfdv*v +4<;;, prghov ri jurzwk

duh hpslulfdoo| uhohydqw lq wkdw wkhuh vhhp wr eh lqfuhdvlqj uhwxuqv gxh wr vslooryhuv1

Rqo| li pdun0xsv/ hfrqrplhv ri vfdoh dqg d srvlwlyh lpsdfw ri U)G rq surgxfwlylw| duh

irxqg wrjhwkhu/ wklv zrxog lpso| wkdw wkh edvlf ihdwxuhv ri U)G edvhg jurzwk prghov

duh vxssruwhg e| wkh gdwd1 Vxfk d �qglqj zrxog eh vwurqj hylghqfh lq idyru ri wkh qrwlrq

wkdw pdunhw0gulyhq nqrzohgjh fuhdwlrq olhv dw wkh khduw ri wkh hfrqrplf jurzwk surfhvv1
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614 Dowhuqdwlyh Iudphzrunv iru Jurzwk Hpslulfv

61414 Wkh Kdoo2Vrorz Uhvlgxdo Dssurdfk

Wkh Vrorz uhvlgxdo lv d sduwlfxoduo| srsxodu iudphzrun wr dvvhvv wkh lpsdfw ri uhvhdufk

dqg ghyhorsphqw rq surgxfwlylw|1 Wr xqghuvwdqg lwv fkdudfwhulvwlfv/ frqvlghu d jhqhudo

surgxfwlrq ixqfwlrq t ' 8 Efc |�c zkhuh t lv rxwsxw/ f ' Ef�cf2c ���cf� � lv d yhfwru

ri lqsxwv dqg | lv wlph1 Wrwdo gl�huhqwldwlrq zlwk uhvshfw wr wlph/ glylvlrq e| t dqg

uhduudqjhphqw ri whupv |lhogv dq h{suhvvlrq iru wkh sulpdo surgxfwlylw| phdvxuh } �

�
8 Efc|�

Y8 Efc|�
Y|

G

} '
�t

t
�
[
�

f�
Y8 Efc|�
Yf�

t

�f�

f�

+614,

Lq jurzwk dffrxqwlqj vwxglhv lqsxw idfwruv duh xvxdoo| frq�qhg wr fdslwdo dqg oderu1

Shuihfw frpshwlwlrq lv dvvxphg/ lq zklfk fdvh pdujlqdo surgxfwv fdq eh phdvxuhg e| wkh

fruuhvsrqglqj uhdo idfwru sulfhv Y8 Efc|�
Yf�

' ��
�t
/ zkhuh �� lv wkh qrplqdo sulfh ri idfwru f�

dqg �t lv wkh sulfh ri wkh rxwsxw jrrg1 Idfwru l*v sduwldo surgxfwlrq hodvwlflw|/
Y8
Yf�

f�

8
c

fdq wkxv eh phdvxuhg zlwk wkh idfwru*v vkduh lq lqfrph/ r� '
��f�

�t t
G

Y8
Yf�

f�

8
' r�1 Edvhg
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rq wklv dvvxpswlrq wrwdo idfwru surgxfwlylw| jurzwk fdq wkhq eh fdofxodwhg dv=

7-C '
�t

t
�
[
�

r�
�f�

f�

+615,

Wklv lv riwhq fdoohg wkh Vrorz uhvlgxdo1 Vlqfh sduwldo surgxfwlrq hodvwlflwlhv vxp wr rqh

xqghu frqvwdqw uhwxuqv wr vfdoh/ wkh surgxfwlrq hodvwlflw| ri fdslwdo/ r�g @ �gg
�t t � lv phdvxuhg

dv d uhvlgxdo/ �� r�u1 Lq wklv fdvh/ wkh Vrorz uhvlgxdo fruuhvsrqgv wr=

7-� '
�t

t
� r�u

�u

u
� E�� r�u�

�g

g
+616,

Li rqo| wkh frpshwlwlyh �qdo jrrgv* vhfwru lv frqvlghuhg U)G edvhg jurzwkprghov surylgh

d udwlrqdoh wr hpsor| d frqyhqwlrqdo Vrorz uhvlgxdo iudphzrun wr dvvhvv wkhlu hpslulfdo

ydolglw| +wklv dujxphqw lv pdgh e| Eduur +4<<<,,1 Lq erwk wkh lqfuhdvlqj ydulhwlhv dqg

wkh lqfuhdvlqj txdolw| prghov suhvhqwhg lq wkh suhylrxv fkdswhu/ wkh sur�w pd{lpl}dwlrq

frqglwlrq ri wkh �qdo jrrgv surgxfhuv zlwk wkh surgxfwlrq ixqfwlrq +51:, dqg +514<,

uhvshfwlyho| fdq eh h{suhvvhg dv � ' E�� k�t
u
� Wklv lpsolhv wkdw wkh sduwldo surgxfwlrq

hodvwlflw| ri oderu/ � � k/ lv lqghhg htxdo wr wkh oderu vkduh ri lqfrph1

Jlyhq wkdw doo lqwhuphgldwh fdslwdo jrrgv duh surgxfhg dw wkh vdph txdqwlw|/ %/ wkh

sur�w pd{lpl}dwlrq frqglwlrq iru fdslwdo jrrgv +51;, fdq eh h{suhvvhg dv k%Ek3��uE�3k� '

R1 Wklv fdq eh uhirupxodwhg dv k t
g
' R/ jlyhq wkdw g ' �% dv rxwolqhg lq fkdswhu 51 Wklv

h{suhvvlrq vkrzv wkdw lq wkh �qdo jrrgv pdunhw wkh sduwldo surgxfwlrq hodvwlflw| ri fdslwdo

vhuylfhv/ dv zhoo/ lv fruuhfwo| phdvxuhg e| wkh fdslwdo lqfrph vkduh ghvslwh wkh prqrsro|

sulflqj lq wkh lqwhuphgldwh fdslwdo jrrgv pdunhw1 Wkh Vrorz uhvlgxdo fruuhvsrqgv wr

7-� '
�t

t
� E�� k�

�u

u
� k

�g

g
' E� � k�

��

�
+617,

Wklv fdq hdvlo| eh ghulyhg iurp wkh djjuhjdwh surgxfwlrq ixqfwlrq iru wkh �qdo rxwsxw

+5148, ru +5154,1 Wkh Vrorz uhvlgxdo wkhuhiruh phdvxuhv sduw ri wkh hqgrjhqrxv h{sdqvlrq

ri ydulhwlhv/ E� � k�
��
�
c wkh rwkhu sduw ehlqj lqfrusrudwhg lq fdslwdo lqsxw jurzwk k

�g
g

'
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kE
��
�
n �%

%
�� Edvhg rq wkh ode htxlsphqw yhuvlrq ri wkh nqrzohgjh surgxfwlrq ixqfwlrq

jurzwk lq� fdq eh phdvxuhg zlwk jurzwk lq wkh U)G fdslwdo vwrfn dv dssduhqw lq +5156,1

Wklv vxjjhvwv/ wkdw lw vkrxog eh srvvleoh wr wudfh wkh surgxfwlylw| jurzwk phdvxuhg e|

wkh Vrorz uhvlgxdo wr gholehudwh uhvhdufk dqg ghyhorsphqw h�ruw1

Dw �uvw vljkw/ lw orrnv dv wkrxjk wkh srsxodu Kdoo2Vrorz uhvlgxdo kdg d vrxqg wkh0

ruhwlfdo irxqgdwlrq dv d iudphzrun wr whvw hqgrjhqrxv jurzwk wkhrulhv1 Krzhyhu/ wklv

dssurdfk lv vxemhfw wr vhyhudo hpslulfdo dqg wkhruhwlfdo sureohpv zkhq wdnlqj d forvhu

orrn1 Wklv ghulydwlrq ri wkh Vrorz uhvlgxdo iurp U)G edvhg prghov ri jurzwk dvvxphv

wkdw d frpshwlwlyh �qdo vhfwru/ zkhuh wkh jrrgv dvvrfldwhg zlwk whfkqrorjlfdo fkdqjh duh

phuho| xvhg/ fdq lqghhg eh vhsdudwhg iurp wkrvh vhfwruv zkhuh wkh| duh lqyhqwhg dqg

surgxfhg1 Rqo| li wklv devwudfwlrq frxog eh wdnhq olwhudoo| lq uhdolw| dqg lq wkh yhu|

vshfldo fdvh zkhuh fdslwdo lqsxwv dorqh duh dvvrfldwhg zlwk whfkqlfdo fkdqjh/ zloo wklv

ghulydwlrq ri wkh Vrorz uhvlgxdo iudphzrun iurp U)G edvhg prghov ri jurzwk eh ydolg1

\hw/ lq uhdolw| lw lv pruh olnho| wkdw whfkqrorjlfdo fkdqjh lv dvvrfldwhg zlwk frqvxps0

wlrq jrrgv/ fdslwdo jrrgv dqg pdwhuldo lqsxwv dw wkh vdph wlph1 Zkhuhyhu uhvhdufk dqg

ghyhorsphqw lv shuiruphg wr lqyhqw qhz jrrgv dqg2ru lpsuryh wkhlu txdolw|/ pdunhw

srzhu vkrxog eh h{shfwhg wr eh suhvhqw dqg wkh htxdolw| ri idfwru lqfrph vkduhv zlwk

sduwldo surgxfwlrq hodvwlflwlhv lv qrw d ydolg dvvxpswlrq1 Lq d wkhruhwlfdo prgho lw pd| eh

d shuplvvleoh vlpsol�fdwlrq wr dvvxph wkdw whfkqrorjlfdo fkdqjh lv frq�qhg wr rqh vsh0

fl�f w|sh ri jrrg1 \hw/ lq hpslulfdo zrun lw fdqqrw eh h{foxghg iru dq| w|sh ri jrrg ru

dq| pdunhw wkdw lw lv dvvrfldwhg zlwk whfkqrorjlfdo fkdqjh gxh wr nqrzohgjh fuhdwlrq1 Lw

iroorzv iurp wklv wkdw d phdvxuh iru surgxfwlylw| jurzwk vkrxog eh urexvw wr wkh suhvhqfh

ri pdunhw srzhu e| doo phdqv1

Dq lpsruwdqw lpsolfdwlrq iurp wklv uhdvrqlqj lv wkdw xvlqj ydoxh0dgghg wr phdvxuh

surgxfwlylw| jurzwk fdq eh kljko| sureohpdwlf/ dv qrwklqj jxdudqwhhv wkdw whfkqrorjlfdo

fkdqjh gxh wr uhvhdufk dqg ghyhorsphqw h�ruw pd| qrw eh dvvrfldwhg zlwk pdwhuldo

lqsxwv1 Dv zrun e| Edvx dqg Ihuqdog kdv vkrzq +Edvx ) Ihuqdog 4<<8/ Edvx ) Ihuqdog

4<<:,/ hvwlpdwhv ri uhwxuqv wr vfdoh/ pdun0xsv dqg h{whuqdolwlhv pd| eh eldvhg zkhq
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ydoxh0dgghg gdwd lv xvhg1 4 Wklv rffxuv/ dv vrrq dv wkh pdunhw iru pdwhuldo lqsxwv lv

qrw frpsohwho| frpshwlwlyh1 Frqvwuxfwlqj ydoxh0dgghg phdvxuhv/ uhvhdufkhuv dwwhpsw

lq vrph zd| wr vxewudfw iurp jurvv rxwsxw wkh surgxfwlyh frqwulexwlrq ri lqwhuphgldwh

jrrgv/ krslqj wr rewdlq d phdvxuh ri qhw rxwsxw zklfk rqo| ghshqgv rq oderu dqg

fdslwdo1 Wklv/ krzhyhu/ zloo eh srvvleoh rqo| zkhq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv

wr vfdoh dqg shuihfw frpshwlwlrq krog1 Rwkhuzlvh/ wkh ydoxh0dgghg phdvxuh vwloo ghshqgv

rq pdwhuldo lqsxwv1 Hvwlpdwhv rewdlqhg zlwk ydoxh0dgghg gdwd pd| wkhq eh vhulrxvo|

eldvhg1 Vlqfh U)G edvhg prghov ri jurzwk lpso| wkdw wkh pdunhw iru pdwhuldo lqsxwv

zloo eh fkdudfwhul}hg e| qrq0frpshwlwlyh ehkdylru vkrxog wkhvh jrrgv eh dvvrfldwhg zlwk

whfkqrorjlfdo fkdqjh/ wkh xvh ri ydoxh dgghg gdwd vhhpv txhvwlrqdeoh1

Li hqgrjhqrxv jurzwk wkhru| lv uljkw lq dvvxplqj wkdw lqqrydwlrqv dv d uhvxow ri

uhvhdufk dqg ghyhorsphqw duh lpsruwdqw lq wkh surgxfwlrq ri vrph jrrgv ru surgxfwlrq

surfhvvhv/ wkhq phdvxuhphqw ri surgxfwlrq hodvwlflwlhv zlwk lqfrph vkduhv lv  dzhg1

Wr vhh krz ylrodwlrq ri wkh shuihfw frpshwlwlrq dvvxpswlrq zloo eldv wkh Vrorz uhvlg0

xdo/ qrwh wkdw zkhq pdunhw srzhu lv suhvhqw/ wkh rswlpl}dwlrq frqglwlrq iru idfwru f�

ehfrphv Y8
Yf�

' > ��
�t
/ zkhuh > ghqrwhv wkh pdun0xs ri sulfh ryhu pdujlqdo frvw1 Wkxv

surgxfwlrq hodvwlflwlhv duh htxdo wr
Y8
Yf�

f�

8
' >r� dqg wkh fruuhfw phdvxuh iru surgxfwlylw|

jurzwk lv

} '
�t

t
� >
[
�

r�
�f�

f�

+618,

zklfk grhv qrw htxdo wkh Vrorz uhvlgxdo +615,/ xqohvv > htxdov 41 Lq wkh wudglwlrqdo jurzwk

dffrxqwlqj h{huflvh/ wkh zhljkwv iru idfwru lqsxw jurzwk duh wrr vpdoo zkhq pdunhw srzhu

lv suhvhqw1 Wkh Vrorz uhvlgxdo ryhuhvwlpdwhv surgxfwlylw| jurzwk1

D vhfrqg eldv ri wkh Vrorz uhvlgxdo dv d phdvxuh ri surgxfwlylw| jurzwk pd| dulvh/

zkhq uhwxuqv wr vfdoh duh qrw frqvwdqw1 Dffruglqj wr wkh hqgrjhqrxv jurzwk prghov

suhvhqwhg lq vhfwlrq 515/ wkhuh pd| eh qrq0frqvwdqw uhwxuqv wr vfdoh lq ulydo idfwruv li

nqrzohgjh lv dffxpxodwhg lq �{hg sursruwlrqv wr rqh ri wkhp1 U)G edvhg prghov ri

4Wkhlu dujxphqw lv ghulyhg lq pruh ghwdlo lq dsshqgl{ F
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jurzwk lpso| lqfuhdvlqj uhwxuqv lq ulydo idfwruv dqg nqrzohgjh wrjhwkhu1 Pruhryhu wkhuh

duh lqfuhdvlqj uhwxuqv lq doo vhfwruv wkdw sxufkdvh sdwhqwv ru shuirup U)G wkhpvhoyhv wr

ghyhors qhz ru lpsuryhg jrrgv gxh wr wkh �{hg frvwv dvvrfldwhg zlwk nqrzohgjh fuhdwlrq1

Hxohu*v wkhruhp lpsolhv wkdw wkh surgxfwlrq hodvwlflwlhv ri d krprjhqrxv surgxfwlrq

ixqfwlrq vxp wr wkh udwh ri uhwxuqv wr vfdoh/ b1 Lq wkh fdvh ri frqvwdqw uhwxuqv wr vfdoh b

htxdov 4/ dv grhv wkh vxp ri wkh idfwru lqsxw vkduhv1 Krzhyhu/ zkhq hfrqrplhv ri vfdoh

duh lqfuhdvlqj/ b zloo eh odujhu wkdq � dqg idfwru lqfrph vkduhv wkxv xqghuhvwlpdwh wkh

idfwruv* rxwsxw hodvwlflwlhv1 Dv vxjjhvwhg lq wkh ydoxh0dgghg h{dpsoh deryh/ uhvhdufkhuv

w|slfdoo| phdvxuh wkh fdslwdo lqfrph vkduh dv d uhvlgxdo wr dyrlg wkh gl!fxow phdvxuhphqw

ri wkh xvhu frvw ri fdslwdo1 Fohduo|/ wklv xqghuhvwlpdwhv wkh dssursuldwh zhljkw iru fdslwdo

li hfrqrplhv ri vfdoh duh suhvhqw/ dv wkh vxp ri surgxfwlrq hodvwlflwlhv zloo eh odujhu wkdq

41

Ryhudoo/ wkh srsxodu Vrorz uhvlgxdo/ zklfk lqyroyhv wkh phdvxuhphqw ri surgxfwlrq

hodvwlflwlhv dv lqfrph vkduhv dvvxplqj wkdw wkhvh vxp wr 4/ lv lq pdq| zd|v qrw dq

dssursuldwh iudphzrun wr lqyhvwljdwh hqgrjhqrxv jurzwk wkhru|1 Hfrqrplhv ri vfdoh duh

hvvhqwldo exloglqj eorfnv ri prghov zlwk lqfuhdvlqj uhwxuqv gxh wr h{whuqdolwlhv dqg ri

U)G edvhg jurzwk prghov/ zkloh pdunhw srzhu lv lpsruwdqw lq wkh odwwhu w|sh ri prghov

lq dgglwlrq wr wklv1 Erwk ihdwxuhv duh forvho| olqnhg wr uhvhdufk dqg ghyhorsphqw h�ruw1

Vlqfh wkh Vrorz uhvlgxdo lv eldvhg zkhq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv wr vfdoh dqg

shuihfw frpshwlwlrq duh ylrodwhg/ lw lv suhihudeoh wr xvh d iudphzrun zklfk doorzv iru

lqfuhdvlqj uhwxuqv dqg pdunhw0srzhu1

Qrwh wkdw wkh Vrorz uhvlgxdo iudphzrun fdq eh xvhg wr hvwlpdwh pdun0xsv dqg lq0

fuhdvlqj uhwxuqv wr vfdoh1 Wr vhh wklv/ frqvlghu d surgxfwlrq ixqfwlrq t ' 8 Egcuc�c |�c

zkhuh rxwsxw/ tc ghshqgv rq fdslwdo/ gc pdwhuldo lqsxwv/ �c dqg oderu/ u1 | ghqrwhv

wlph1 Dv rxwolqhg deryh/ hodvwlflwlhv zloo eh htxdo wr
Y8
Yf�

f�

8
' >r� iru � ' uc�cgc li pdu0

nhw srzhu lv suhvhqw1 Pruhryhu/ wkh sduwldo surgxfwlrq hodvwlflwlhv pd| vxp wr d qxpehu

b gl�huhqw iurp rqh/ zkhq uhwxuqv wr vfdoh duh qrw frqvwdqw1 Vr wkh sduwldo surgxfwlrq

hodvwlflw| ri fdslwdo pd| eh phdvxuhg dv >rg ' b � >r� � >ru� Wkh wudglwlrqdo Vrorz
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uhvlgxdo iru jurvv rxwsxw fdofxodwhg xqghu wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg

frqvwdqw uhwxuqv wr vfdoh gdwd wkhq phdvxuhv=

7-� ' }� n E>� ��Er� E
��

�
�

�g

g
� n ruE

�u

u
�

�g

g
�� n Eb� ��

�g

g
+619,

zkhuh }� lv wkh sulpdo surgxfwlylw| jurzwk phdvxuh iru d jurvv rxwsxw surgxfwlrq ixqf0

wlrq }� '
�t
t
�

Y8
Yu

u

8

�u
u
�

Y8
Y�

�

8

��
�
�

Y8
Yg

g

8

�g
g
� Wkh pdun0xs dqg wkh udwh ri uhwxuqv wr vfdoh

wkxv ehfrph hvwlpdeoh sdudphwhuv1

Lqfoxglqj wkh U)G fdslwdo vwrfn dv dq dgglwlrqdo idfwru ri surgxfwlrq dw wkh uljkw

kdqg vlgh ri htxdwlrq +619, lw zrxog eh srvvleoh wr vwxg| pdun0xsv/ hfrqrplhv ri vfdoh dqg

wkh lpsdfw ri U)G rq surgxfwlylw| lq d fruuhfwhg Vrorz uhvlgxdo iudphzrun1 Iru vrph

uhdvrq/ krzhyhu/ wkh ydvw pdmrulw| ri uhvhdufkhuv xvh wkh frqyhqwlrqdo Vrorz uhvlgxdo

zkhq hvwlpdwlqj wkh lpsdfw ri nqrzohgjh yduldeohv rq surgxfwlylw| jurzwk/ dowkrxjk

U)G edvhg jurzwk prghov fohduo| lpso| wkdw wkh hpslulfdo iudphzrun vkrxog doorz iru

pdunhw srzhu dqg qrq0frqvwdqw uhwxuqv wr vfdoh1

Wkh frvw ixqfwlrq dqg idfwru ghpdqg prgho xvhg lq wklv vwxg| wr hpslulfdoo| lqyhvwl0

jdwh lpsruwdqw exloglqj eorfnv ri hqgrjhqrxv jurzwk wkhru| kdv vrph gh�qlwh dgydqwdjhv

hyhq ryhu wkh fruuhfwhg yhuvlrq ri wkh Vrorz uhvlgxdo +619,1 Zkloh wkh odwwhu lv ri yhu|

olplwhg jhqhudolw|/ d  h{leoh ixqfwlrqdo irup fdq eh xvhg iru wkh frvw ixqfwlrq hvwlpdwlrq

zklfk lv pxfkpruh jhqhudo dv idu dv vxevwlwxwdelolw| ri idfwruv ri surgxfwlrq lv frqfhuqhg1

Zkhq frqvwuxfwlqj wkh Vrorz uhvlgxdo/ prvw uhvhdufkhuv dvvxph wkdw idfwru vkduhv duh

frqvwdqw ryhu wlph1 Wklv lpsolhv dq xqghuo|lqj Free0Grxjodv surgxfwlrq ixqfwlrq/ zklfk

pd| odfn vx!flhqw jhqhudolw|/ uhvwulfwlqj iru h{dpsoh wkh hodvwlflw| ri vxevwlwxwlrq dprqj

surgxfwlrq idfwruv wr xqlw|1

Ri frxuvh/ lw zrxog eh dq rswlrq wr hvwlpdwh d  h{leoh surgxfwlrq ixqfwlrq/ doorzlqj

iru erwk pdunhw srzhu dqg hfrqrplhv ri vfdoh/ zkloh rewdlqlqj hvwlpdwhv ri wkh udwh ri

uhwxuqv wr vfdoh dqg srvvleo| ri wkh lpsdfw ri U)G rq wkh surgxfwlrq ri rxwsxw1 Lw

vkrxog eh hpskdvl}hg wkdw wklv dssurdfk zrxog eh frpsohwho| htxlydohqw wr hvwlpdwlqj d

frvw ixqfwlrq1 Lw lv/ ri frxuvh/ htxdoo| shuplvvleoh1 Zkdw lv lpsruwdqw iurp wkh srlqw ri
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ylhz ri hfrqrplf wkhru| lv wr xvh d surgxfwlylw| jurzwk phdvxuh wkdw/ xqolnh wkh frqyhq0

wlrqdo Vrorz uhvlgxdo/ hqfrpsdvvhv pdunhw srzhu dqg hfrqrplhv ri vfdoh1 Rqh dwwudfwlyh

ihdwxuh ri wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp hpsor|hg lq wklv glvvhuwdwlrq lv

d sduwlfxoduo| hohjdqw srvvlelolw| wr hvwlpdwh pdun0xsv zlwklq wkh v|vwhp1 Pruhryhu/ lq

frqwudvw wr wkh Vrorz uhvlgxdo/ wkh frvw ixqfwlrq dqg idfwru ghpdqg prgho uhdglo| hq0

frpsdvvhv ydu|lqj fdsdflw| xwlol}dwlrq1 Wklv srvvlelolw| suryhv yhu| xvhixo dv zloo ehfrph

dssduhqw lq wkh suhvhqwdwlrq ri hpslulfdo uhvxowv lq fkdswhu 71 Wkh qh{w vhfwlrq ghyhorsv

vrph gxdolw| wkhru| wr vkrz wkdw zlwk d frvw ixqfwlrq dqg idfwru ghpdqg prgho lw lv

srvvleoh wr vwxg| prvw ri wkh pruh uhohydqw ihdwxuhv ri U)G edvhg jurzwk prghov1

61415 Wkh Frvw Ixqfwlrq Dssurdfk

Frqvlghu wkh jhqhudo surgxfwlrq ixqfwlrq 8 Efc |�1 Lw lv d zhoo0nqrzq uhvxow ri gxdolw|

wkhru| wkdw wkhuh zloo eh d frvw ixqfwlrq wkdw ghvfulehv wkh whfkqrorj| lq wkh h{dfw vdph

pdqqhu +iru d wh{w0errn suhvhqwdwlrq vhh Pdv0Frohoo/ Zklqvwrq ) Juhhq +4<<8,,1 Jlyhq

d srvlwlyh yhfwru ri � lqsxw sulfhv � � E��c ����c �� �/ wkh frvw ixqfwlrq �� wkdw lv gxdo wr

wkh surgxfwlrq ixqfwlrq fdq eh gh�qhg dv

��E�c tc |� ' 4�?
f
i�

�

f G 8 Ef� @ tc f @ fj +61:,

zkhuh t ghqrwhv rxwsxw1 Lw fdq eh vkrzq wkdw �� vdwlv�hv d qxpehu ri uhjxodulw| frq0

glwlrqv1 Lw lv d srvlwlyh ixqfwlrq �� ��E�� @ f/ qrq0ghfuhdvlqj lq rxwsxw/ olqhduo| krpr0

jhqhrxv/ ��� ��E6�ctc |� ' 6 ��E�c tc |�/ zkhuh 6 lv d frqvwdqw/ dqg frqfdyh lq sulfhv/

vr wkdw wkh � e| � pdwul{ ri vhfrqg ghulydwlyhv/ u2
��

��E�ctc |�/ zloo eh qhjdwlyh vhpl0

gh�qlwh/ surylghg wkdw �� lv wzlfh frqwlqxrxvo| gl�huhqwldeoh +vhh Pdv0Frohoo hw do1 +4<<8,/

fkdswhu 8,1

Pruhryhu/ li �� lv gl�huhqwldeoh/ Vkhskdug*v Ohppd lpsolhv wkdw idfwru ghpdqg ixqf0

wlrqv fdq eh gluhfwo| ghulyhg iurp lw wkurxjk gl�huhqwldwlrq= u�
��E�c tc |� ' fE�c |�/

zkhuh fE�c |� lv d yhfwru ri idfwru ghpdqg1 Iru hpslulfdo zrun/ wklv lv rqh ri wkh dwwudf0
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wlyh ihdwxuhv ri wkh gxdo dssurdfk1 Vlqfh wkh frvw ixqfwlrq lv ghulyhg iurp rswlpl}dwlrq

ehkdylru/ lw lv edvhg rq vrxqg plfurirxqgdwlrqv1 Pruhryhu/ idfwru ghpdqgv fdq eh gh0

ulyhg iurp wkh frvw ixqfwlrq dqg hvwlpdwhg lq d v|vwhp dorqj zlwk lw wr lqfuhdvh h!flhqf|1

Wkhuhe|/ wkh| duh wuhdwhg dv hqgrjhqrxv yduldeohv1 Wklv lv fhuwdlqo| pruh dssursuldwh

wkdq lq wkh surgxfwlrq ixqfwlrq dssurdfk zkhuh lqsxw idfwruv dsshdu dv lqghshqghqw

yduldeohv1 Qrqhwkhohvv/ lw vkrxog eh qrwhg wkdw hqgrjhqhlw| sureohpv duh qrw hqwluho|

vroyhg lq wkh frvw ixqfwlrq dssurdfk/ vlqfh rxwsxw lv hqgrjhqrxv/ ehlqj d ixqfwlrq ri

fdslwdo/ oderu dqg pdwhuldo lqsxwv1

Wkh sulpdo udwh ri uhwxuqv wr vfdoh lv gh�qhg dv wkh lqfuhdvh lq rxwsxw gxh wr d

sursruwlrqdo lqfuhdvh lq doo lqsxwv/ zklfk htxdov

b '
[ Y8

Yf�
f�

8 Efc |�
+61;,

dffruglqj wr Hxohu*v wkhruhp1 Wr vhh wkdw wkh sulpdo dqg wkh gxdo phdvxuh ri wkh udwh ri

uhwxuqv wr vfdoh frlqflgh/ uhphpehu wkh frvw plqlpl}dwlrq frqglwlrq/ �� ' >u
Y8
Yf�

c zkhuh

>u lv wkh Odjudqjldq pxowlsolhu ri wkh plqlpl}dwlrq sureohp1 Wkh odwwhu lv wkh vkdgrz

ydoxh ri uhod{lqj wkh plqlpl}dwlrq frqvwudlqw lq wkh rswlpxp= >u ' Y ��
Yt
� Lqvhuwlqj wkhvh

wzr h{suhvvlrqv lqwr 61;/ lw lv srvvleoh wr suryh wkdw b htxdov wkh lqyhuvh ri wkh frvw

hodvwlflw| zlwk uhvshfw wr rxwsxw 0 ��t ' Y *? ��
Y *? t

/ wkh gxdo phdvxuh ri wkh udwh ri uhwxuqv wr

vfdoh=

b '
[ >u

Y8
Yf�

f�

>u8 Efc |�
'
[ ��f�

Y ��
Yt
t

'
�

0 ��t

+61<,

Wkh odvw htxdolw| krogv/ vlqfh �� '
S

� ��f�1

Wkh sulpdo dqg gxdo phdvxuhv ri surgxfwlylw| jurzwk duh dovr forvho| olqnhg1 Wrwdo

gl�huhqwldwlrq ri wkh frvw ixqfwlrq zlwk uhvshfw wr wlph dqg glylvlrq e| �� |lhogv/ diwhu

vrph uhduudqjhphqw ri whupv/
���
��
' 0 ��t

�t
t
n
S

�
��f�
��

���
��

n 0 ��|c zkhuh �0 ��| ' �Y *? ��
Y|

lv wkh

gxdo phdvxuh ri surgxfwlylw| jurzwk1 Vlqfh �� '
S

� ��f�c wkh jurzwk udwh ri frvwv fdq

dovr eh h{suhvvhg dv
���
��
'
S

�
��f�
��

���
��

n
S

�
��f�
��

�f�

f�
1 Frpelqlqj wkh wzr h{suhvvlrqv iru

wkh jurzwk udwh ri frvwv |lhogv= �0 ��| ' 0 ��t

�t
t
�
S

�
��f�
��

�f�

f�
� Pxowlso|lqj qxphudwru dqg
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ghqrplqdwru ri wkh zhljkwv iru idfwru lqsxw jurzwk lq htxdwlrq +614, zlwk wkh Odjudqjldq

pxowlsolhu ri wkh frvw plqlpl}dwlrq sureohp >u/ xvlqj �� ' >u
Y8
Yf�

dqg >u ' Y ��
Yt

dqg

uhduudqjlqj vkrzv wkdw wkh sulpdo phdvxuh ri surgxfwlylw| jurzwk fdq eh zulwwhq dv=

} '
�t
t
� �

0 ��t

S
�
��f�
��

�f�

f�
1 Sulpdo dqg gxdo phdvxuh duh wkhuhiruh uhodwhg dv

} ' �
0 ��|

0 ��t

+6143,

Li vrph idfwruv ri surgxfwlrq duh �{hg lq wkh vkruw uxq gxh wr dgmxvwphqw frvwv/ ydul0

deoh lqsxw ghpdqg dqg wkxv frvwv zloo qrw ghshqg rq wkh sulfh ri wkhvh lqsxwv/ exw rq

wkhlu txdqwlwlhv1 Wkh txdvl0�{ lqsxwv fdqqrw eh dgmxvwhg wr fkdqjhv ri wkhlu sulfhv dqg

wkhuhiruh wkh yduldeoh idfwruv zloo qrw eh d�hfwhg hlwkhu1 Vkruw0uxq wrwdo frvwv duh wkhq

gh�qhg dv

�� ' CE��c tcf&c |� n
[
�

�&�f&� +6144,

zkhuh f& lv d yhfwru ri txdvl0�{ lqsxwv/ �� lqfoxghv rqo| sulfhv ri yduldeoh lqsxwv dqg �&

sulfhv ri txdvl0�{hg lqsxwv1 Frvw duh plqlpl}hg dqg orqj0uxq rswlpxp zloo eh dwwdlqhg

zkhq ~&� ' �&� krogv iru doo txdvl0�{ lqsxwv/ zkhuh ~&� ' � YC
Yf&�

lv wkh vkdgrz ydoxh ri

idfwru f&�1 Li wklv lv kljkhu wkdq lwv pdunhw sulfh gxh wr vkruw0uxq �{lwlhv/ wkhq lw zrxog

sd| wr xvh pruh ri wkh lqsxw1 Fdsdflw| lv ryhuxwlol}hg1 Li wkh pdunhw sulfh lv kljkhu wkdq

wkh vkdgrz ydoxh/ lq wxuq/ wkhuh lv h{fhvv fdsdflw|1 Qrwlfh wkdw d vshfl�fdwlrq zkhuh

vrph idfwruv duh prghohg dv txdvl0�{ frqwdlqv wkh htxloleulxp prgho dv d vshfldo fdvh1

Phdvxuhv iru whfkqrorjlfdo fkdqjh dqg hfrqrplhv ri vfdoh fdq eh ghulyhg lq d pdqqhu

dqdorjrxv wr wkh htxloleulxp fdvh1 Qrwh wkdw wkh rswlpl}dwlrq sureohp iru wkh vkruw0uxq

frvw ixqfwlrq lqyroyhv plqlpl}lqj yduldeoh frvwv vxemhfw wr d surgxfwlrq ixqfwlrq zklfk

lv d ixqfwlrq ri erwk yduldeoh dqg txdvl0�{ lqsxw idfwruv=

CE��c tcf&c |� ' 4�?
f�

i�
�

�f� G 8 Ef�cf&c |� @ tcf @ fj� +6145,

Xvlqj d frpsohwho| dqdorjrxv dujxphqw dv deryh lw iroorzv wkdw wkh udwh ri uhwxuqv wr
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vfdoh lq yduldeoh idfwruv htxdov wkh lqyhuvh ri wkh hodvwlflw| ri yduldeoh frvw zlwk uhvshfw

wr rxwsxw1

Wr xqghuvwdqg krz wkh gxdo frxqwhusduw ri wkh sulpdo udwh ri uhwxuqv wr vfdoh lq

yduldeoh dqg txdvl0�{ idfwruv fdq eh ghulyhg/ qrwh wkdw

Y *?C

Y *?f&�

' �

Y8
Yf&�

f&�S
�

Y8
Yf��

f��

+6146,

+Fdyhv/ Fkulvwhqvhq ) Vzdqvrq 4<;4,1 Vrph vwhsv duh uhtxluhg wr vkrz wkdw wklv uhvxow

lv wuxh= Y *?C
Y *?f&�

'
YC
Yf&�

f&�

C
'

YC
Yf&�

f&�
S

� ���f��
'

YC
Yf&�

f&�

>�u
S

�
Y8
Yf��

f��
� Wkh odvw vwhs iroorzv iurp wkh �uvw

rughu frqglwlrq ri wkh frvw plqlpl}dwlrq sureohp zlwk txdvl0�{ idfwruv/ >�u ghqrwlqj wkh

Odjudqjldq pxowlsolhu ri wkh plqlpl}dwlrq sureohp iru yduldeoh frvwv1 Iurp wkh hqyhorsh

wkhruhp/ lw iroorzv wkdw YC
Yf&�

' �>�u
Y8
Yf&�

� Wklv odvw vwhs hvwdeolvkhv wkh uhvxow1 Ohw 0Ct

ghqrwh wkh hodvwlflw| ri yduldeoh frvwv zlwk uhvshfw wr rxwsxw dqg 0Cf&�
wkh hodvwlflw| zlwk

uhvshfw wr wkh �|� txdvl0�{ lqsxw1 Lw qrz iroorzv wkdw wkh ryhudoo udwh ri uhwxuqv wr vfdoh

wr yduldeoh dqg txdvl0�{ idfwruv fdq eh ghulyhg iurp wkh frvw ixqfwlrq dv=

#�s '

S
�

Y8
Yf��

f�� n
S

�
Y8
Yf&�

f&�

8 E��
'

��
S

� 0Cf&�

0Ct
+6147,

Odx +4<:;, kdv vkrzq wkdw vwdqgdug frvw ixqfwlrq surshuwlhv duh pdlqwdlqhg iru wkh

yduldeoh frvw ixqfwlrq1 Prvw lpsruwdqwo|/ Vkhskdug*v Ohppd vwloo krogv iru wkh yduldeoh

lqsxwv1 Uhjxodulw| frqglwlrqv uhtxluh wkdw wkh frvw ixqfwlrq eh ghfuhdvlqj dqg frqyh{ lq

wkh txdvl0�{ lqsxwv/ lpso|lqj wkdw uf&f&
CE��c tcf&c |� vkrxog eh d srvlwlyh0vhplgh�qlwh

pdwul{1

Hvvhqwldoo|/ wr prgho yduldeoh frvw ixqfwlrqv hpslulfdoo|/ sulfhv ri txdvl0�{ lqsxwv rqo|

kdyh wr eh uhsodfhg e| wkh fruuhvsrqglqj txdqwlwlhv1 Vlqfh fdslwdo lv riwhq eholhyhg wr eh

�{ lq wkh vkruw0uxq/ pdq| uhvhdufkhuv lq wkh surgxfwlylw| olwhudwxuh vshfli| yduldeoh frvw

ixqfwlrqv +Pruulvrq 4<;;/ Nzrq ) Sdun 4<<8,1 Wklv iudphzrun lv riwhq uhihuuhg wr dv d

g|qdplf idfwru ghpdqg prgho1 Lw r�huv dq dexqgdqfh ri srvvlelolwlhv ri prghoolqj r�0
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htxloleulxp g|qdplfv1 Dgmxvwphqw frvwv pd| eh vshfl�hg/ iru h{dpsoh/ wr ghulyh Hxohu

htxdwlrqv iurp wkh frvw plqlpl}dwlrq sureohp wr eh hvwlpdwhg dorqj zlwk wkh idfwru

ghpdqg v|vwhp1 Dq ryhuylhz ryhu wkh xqghuo|lqj wkhru| dqg wkh dssolhg olwhudwxuh lv

surylghg lq Qdglul ) Suxfkd +4<<<,1

Wkh frvw ixqfwlrq pd| dovr lqfoxgh ehkdylrudo ru hqylurqphqwdo yduldeohv/ vxfk dv wkh

ghjuhh ri ohduqlqj ri wkh �up ru h{whuqdolwlhv/ dv rxwolqhg lq PfIdgghq +4<:;d,1 Lq wkdw

fdvh/ wkh frvw ixqfwlrq lv wkh vshfl�hg dv ��E�c tc 7c |�/ ru srvvleo| CE��c tcf&c 7/|�/ zkhuh

7 lv d yhfwru ri � hqylurqphqwdo yduldeohv1 Wklv srvvlelolw| lv h{sorlwhg e| uhvhdufkhuv

zkr hpsor| wkh frvw ixqfwlrq dssurdfk wr lqyhvwljdwh wkh uroh ri U)G h{whuqdolwlhv

+Ehuqvwhlq ) Qdglul 4<;;/ Ehuqvwhlq ) \dq 4<<:/ Pruulvrq Sdxo ) Vlhjho 4<<:,/ ru

ri sxeolf lqiudvwuxfwxuh +Pdpxqhdv ) Qdglul 4<<7/ O|qgh ) Ulfkprqg 4<<5,1 Wkh

fkdudfwhulvwlfv ri +5163, duh yhu| zhoo hqfrpsdvvhg e| d vxlwdeoh frvw ixqfwlrq zklfk

lqfoxghv rwkhu lqgxvwulhv* U)G fdslwdo vwrfnv dv h{whuqdo yduldeohv1

Wr ghulyh wkh udwh ri uhwxuqv wr vfdoh lq lqwhuqdo dqg h{whuqdo idfwruv/ lw fdq eh

hvwdeolvkhg zlwk dq dqdorjrxv dujxphqw dv deryh wkdw wkh hodvwlflw| ri wkh yduldeoh

frvw ixqfwlrq zlwk uhvshfw wr wkh 6|� h{whuqdo idfwru lv htxdo wr 0C76 ' Y *?C
Y *? 76

'

�
Y8
Y76

76
S

�
Y8
Yf��

f��
1 Lw wkxv iroorzv wkdw wkh udwh ri uhwxuqv wr vfdoh lq sulydwh dqg h{whuqdo

idfwruv/
S

�
Y8
Yf��

f��n
S

�
Y8
Yf&�

f&�n
S

6
Y8
Y76

76

8 Ef�cf&c7c|�
c fdq eh ghulyhg iurp d frvw ixqfwlrq dv

# '
��
S

� 0Cf&�
�
S

6 0C76

0Ct
+6148,

Khqfh/ lw lv vwudljkwiruzdug wr ghulyh phdvxuhv ri surgxfwlylw| jurzwk dqg uhwxuqv wr

vfdoh iurp dq hvwlpdwhg frvw ixqfwlrq wkdw dffrxqwv iru erwk ydu|lqj fdsdflw| xwlol}dwlrq

dqg h{whuqdolwlhv1

Qrwh wkdw wkh gh�qlwlrq ri wkh frvw ixqfwlrq dqg wkh ghulyhg hodvwlflwlhv wr phdvxuh

hfrqrplhv ri vfdoh dqg surgxfwlylw| jurzwk gr qrw uho| rq frpshwlwlyh pdunhwv dw dq|

srlqw1 Wkh frvw ixqfwlrq dssurdfk lv wkxv d vxlwdeoh iudphzrun wr h{soruh wkh exloglqj

eorfnv ri w|slfdo jurzwk prghov1 Lq rughu wr h{solflwo| phdvxuh wkh vl}h ri pdun0xsv/
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wkh sur�w pd{lpl}dwlrq frqglwlrq/ �t ' > Y ��
Yt
c fdq eh dsshqghg wr wkh idfwru ghpdqg

v|vwhp/ zkhuh > lv wkh pdun0xs ri sulfh ryhu pdujlqdo frvw1 > pd| hlwkhu eh hvwlpdwhg

dv d frqvwdqw ru lw fdq eh ixuwkhu prghohg dqg hvwlpdwhg dv d wlph0yduldeoh ixqfwlrq ri

rwkhu sdudphwhuv1

Wkh frvw ixqfwlrq dqg idfwru ghpdqg prgho uhdglo| hqfrpsdvvhv doo ri wkh pruh lp0

sruwdqw ihdwxuhv ri hqgrjhqrxv jurzwk wkhru|1 Zkloh doorzlqj iru erwk qrq0frpshwlwlyh

ehkdylru dqg qrq0frqvwdqw uhwxuqv wr vfdoh/ wkh lpsdfw ri nqrzohgjh yduldeohv rq frvwv

fdq eh dvvhvvhg/ dqg lwv lpsolfdwlrq iru wkh ryhudoo udwh ri uhwxuqv wr vfdoh fdq eh txdq0

wl�hg1 Ehfdxvh ri wkhvh dwwudfwlyh ihdwxuhv/ d frvw ixqfwlrq dssurdfk zloo eh xvhg dv dq

hpslulfdo iudphzrun lq wklv vwxg|1 Ehiruh suhvhqwlqj wkh h{dfw hpslulfdo prgho/ vrph

wkhru| frqfhuqlqj  h{leoh ixqfwlrqdo irupv zloo eh ghyhorshg lq wkh qh{w vhfwlrq/ zklfk

vkrxog khos wr dvvhvv wkh jhqhudolw| ri wkh iudphzrun fkrvhq lq wklv vwxg|1

615 Wkh Hpslulfdo Prgho

61514 Wkh Wkhru| ri Ioh{leoh Ixqfwlrqdo Irupv

Wkh iroorzlqj uhdvrqlqj gudzv khdylo| rq Glhzhuw ) Zdohv +4<;:,1 Ohw ��nE �c tc |� eh

vrph frvw ixqfwlrq zlwk � yduldeoh lqsxwv/ vr � ' E��c ���c �� �� Dv rxwolqhg deryh/ ��n

kdv wr eh olqhduo| krprjhqhrxv dqg frqfdyh lq lqsxw sulfhv lq rughu wr eh d ydolg frvw

ixqfwlrq 1

Ohw �n :: f� / t n : f dqg |n : f dqg ohw ��n eh wzlfh frqwlqxrxvo| gl�huhqwldeoh

zlwk uhvshfw wr lwv �n2 dujxphqwv dw E�nc t nc |n�� Lq wkdw fdvh/ wkh olqhdu krprjhqhlw|

surshuw| ri ��n lq � wrjhwkhu zlwk Hxohu*v Wkhruhp rq krprjhqhrxv ixqfwlrqv lpso| wkh

iroorzlqj � n � uhvwulfwlrqv rq wkh �uvw dqg vhfrqg ghulydwlyhv ri ��n=

�nu�
��nE�nc t nc |n� ' ��nE�nc t nc |n� +6149,

�nu2
��

��nE�nc t nc |n� ' fA� +614:,

�nu2
�t

��nE�nc t nc |n� ' ut
��nE�nc t nc |n� +614;,
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�nu2
� |

��nE�nc t nc |n� ' u|
��nE�nc t nc |n� +614<,

zkhuh u�
��nE�nc t nc |n� ghqrwhv wkh froxpq yhfwru ri �uvw rughu sduwldo ghulydwlyhv ri

��n zlwk uhvshfw wr wkh frpsrqhqwv ri � dqg u2
��

��nE�nc t nc |n� ghqrwhv wkh � e| �

pdwul{ ri vhfrqg rughu sduwldo ghulydwlyhv ri ��n zlwk uhvshfw wr wkh frpsrqhqwv ri � 1

u2
�t

��nE�nc t nc |n� dqg u2
�|

��nE�nc t nc |n� ghqrwh vhfrqg rughu furvv ghulydwlyhv1

Wkh dvvxpswlrq wkdw ��n lv wzlfh frqwlqxrxvo| gl�huhqwldeoh wrjhwkhu zlwk \rxqj*v

wkhruhp lq fdofxoxv lpso| wkh iroorzlqj E� n 2�E� n ��*2 v|pphwu| uhvwulfwlrqv1

u2 ��nE�nc t nc |n� ' du2 ��nE�nc t nc |n�oA +6153,

zkhuh du2 ��nE�nc t nc |n�oA lv wkh wudqvsrvh ri u2 ��nE�nc t nc |n�c zklfk lq wxuq ghqrwhv

wkh �n2 e| � n2 pdwul{ ri vhfrqg rughu sduwldo ghulydwlyhv ri �n zlwk uhvshfw wr doo lwv

�n2 dujxphqwv1 D ixqfwlrqdo irup iru d frvw ixqfwlrq lv gh�qhg dv  h{leoh zkhq lw �frxog

surylgh d vhfrqg rughu dssur{lpdwlrq ri dq duelwudu| wzlfh frqwlqxrxvo| gl�huhqwldeoh

frvw ixqfwlrq ��n wkdw vdwlv�hv wkh krprjhqhlw| lq sulfhv surshuw|� +Glhzhuw +4<:7,/ sdjh

446,1 Wkxv wkh  h{lelolw| surshuw| uhtxluhv wkdw d fdqglgdwh ixqfwlrqdo irup ri vrph frvw

ixqfwlrq �� dw wkh srlqw E�nc t nc |n� fdq vdwlvi| wkh iroorzlqj � n E� n 2� n E� n 2�2

frqglwlrqv=

��E�nc t nc |n� ' ��nE�nc t nc |n� +6154,

u ��E�nc t nc |n� ' u ��nE�nc t nc |n� dqg

u2 ��E�nc t nc |n� ' u2 ��nE�nc t nc |n�

Lq rwkhu zrugv/ wkh ydoxh ri wkh frvw ixqfwlrq/ wkh � n2 �uvw ghulydwlyhv dqg wkh E�n2�2

vhfrqg ghulydwlyhv frlqflgh dw srlqw E�nc t nc |n�1 Lpsrvlqj krprjhqhlw| lq sulfhv rq wkh

fdqglgdwh ixqfwlrq �� lqyroyhv wkh�n�nE�n2��E�n��*2 uhvwulfwlrqv +6149,0+6153,1 Wklv

uhgxfhv wkh qxpehu ri iuhh sdudphwhuv1 Lw wkxv iroorzv wkdw lq rughu wr eh  h{leoh �� pxvw
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frqwdlq dw ohdvw �n�n2nE�n2�2��n�nE�n2�E�n��*2 ' �E�n��*2n2�n� iuhh

sdudphwhuv1 Qrwlfh wkdw wklv dqdo|vlv uhdglo| fduulhv ryhu wr wkh fdvh ri d yduldeoh frvw

ixqfwlrq1 Mxvw uhsodfh idfwru sulfhv zlwk wkh txdqwlwlhv ri wkh txdvl0�{ idfwruv1

D frvw ixqfwlrq zlwk wkuhh lqsxwv zrxog wkhuhiruh uhtxluh 48 iuhh sdudphwhuv lq ru0

ghu wr txdoli| dv d  h{leoh ixqfwlrqdo irup1 Zlwk wlph vhulhv gdwd vhwv ryhu/ vd|/ 53063

|hduv wklv pd| suhfoxgh hvwlpdwlrq gxh wr d odfn ri ghjuhhv ri iuhhgrp ru frpsxwdwlrqdo

gl!fxowlhv lq pdq| fdvhv1 Wkxv lw pd| riwhq eh ghvludeoh wr vdful�fh vrph  h{lelolw|1

Hvwdeolvklqj vrph fulwhuld wr fkrrvh dssursuldwh ixqfwlrqdo irupv/ Ixvv/ PfIdgghq )

Pxqgodn +4<:;, srlqw rxw wkdw sduvlprq| lq sdudphwhuv pd| eh dgydqwdjhrxv wr dyrlg

sureohpv ri pxowlfroolqhdulw|1 Pruhryhu/ lw lv ghvludeoh wkdw wkh uhvxowv ri wkh hpslul0

fdo lqyhvwljdwlrq eh hdv| wr lqwhusuhw1 H{fhvvlyho| sdudphwhu0ulfk ixqfwlrqdo irupv pd|

frqwdlq hfrqrplfdoo| lpsodxvleoh lpsolfdwlrqv zklfk duh klgghq dw �uvw vljkw1

Ioh{lelolw| lq sulfhv pd| riwhq eh d ghvludeoh surshuw| wr doorz iru duelwudu| vxevwl0

wxwlrq surshuwlhv dprqj gl�huhqw idfwruv ri surgxfwlrq udwkhu wkdq lpsrvlqj xqlwdu| ru

frqvwdqw hodvwlflw| ri vxevwlwxwlrq1 Rq wkh rwkhu kdqg/ lw pd| zhoo eh vx!flhqw wr ohdyh

wkh �uvw ghulydwlyhv ri wkh idfwru ghpdqgv zlwk uhvshfw wr wkh vrxufhv ri surgxfwlylw|

jurzwk xqfrqvwudlqhg/ vr wkdw �� fdq vdwlvi| u2
� |

��E�nc t nc |n� ' u2
�|

��nE�nc t nc |n�/

zkloh vhfrqg rughu ghulydwlyhv zlwk uhvshfw wr | dqg furvv ghulydwlyhv zlwk rwkhu yduldeohv

frxog eh vhw wr }hur1 Dv dq h{dpsoh/ Glhzhuw ) Zdohv +4<<5, gh�qh d whfkqrorjlfdo

surjuhvv  h{leoh ixqfwlrqdo irup zklfk lv qrw ixoo|  h{leoh zlwk uhvshfw wr wkh wuhqg

yduldeoh/ dv lwv vhfrqg ghulydwlyh lv vhw wr }hur1

Wklv glvfxvvlrq vkrxog surylgh vrph jxlgdqfh wr mxgjh zkhuh uhdvrqdeoh jhqhudolw| lv

dfklhyhg lq wkh hpslulfdo lpsohphqwdwlrq/ zkhuh lw lv vdful�fhg dqg rq zkdw jurxqgv1 Lw

vkrxog eh qrwhg/ krzhyhu/ wkdw  h{leoh ixqfwlrqdo irupv duh ri frxuvh qrw frq�qhg wr frvw

ixqfwlrqv1 Lq sulqflsoh/ vwxglhv edvhg rq d sulpdo dssurdfk frxog eh edvhg rq d pruh

jhqhudo surgxfwlrq ixqfwlrq wkdq wkh Free0Grxjodv irup1 Iru vrph uhdvrq/ krzhyhu/

uhvhdufkhuv zkr fkrrvh wkh sulpdo dssurdfk riwhq uho| rq wkh Free0Grxjodv irup/ zkloh

hpslulfdo uhvhdufkhuv zkr fkrrvh d frvw ixqfwlrq suhihu pruh  h{leoh ixqfwlrqdo irupv1
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61515 Wkh PfIdgghq Frvw Ixqfwlrq

D qxpehu ri  h{leoh ixqfwlrqdo irupv kdyh ehhq ghyhorshg dqg xvhg lq wkh olwhudwxuh

+iru dq h{whqvlyh ryhuylhz/ vhh Pruulvrq +4<<6,,1 Rqh ri wkh prvw srsxodu lv fhuwdlqo|

wkh wudqvorj frvw ixqfwlrq1 Lwv frqyhqlhqfh olhv sulpdulo| lq lwv orjdulwkplf irup zklfk

lpsolhv wkdw hodvwlflwlhv ghulyhg iurp lw duh olqhdu lq sdudphwhuv1 Lw pd| eh lqwhusuhwhg

dv d Wd|oru vhulhv dssur{lpdwlrq wr dq duelwudu| ixqfwlrqdo irup1

Rqh dwwudfwlyh ihdwxuh ri wkh wudqvorj ixqfwlrqdo irup lv wkh idfw wkdw lw hqfrpsdvvhv

wkh Free0Grxjodv frvw ixqfwlrq dv d vshfldo fdvh/ zklfk lv wkh gxdo wr wkh Free0Grxjodv

surgxfwlrq ixqfwlrq1 Zkhwkhu ru qrw lw lv dssursuldwh wr xvh wkh odwwhu lq hpslulfdo

uhvhdufk/ dv lv iuhtxhqwo| grqh/ pd| eh whvwhg irupdoo| zkhq d wudqvorj frvw ixqfwlrq lv

hvwlpdwhg1

Lq sudfwlfh/ wkh wudqvorj irup riwhq srvhv pdq| sureohpv/ krzhyhu1 Lw lv d frpprq

sureohp wkdw hvwlpdwhg frvw ixqfwlrqv ri d  h{leoh irup ylrodwh uhjxodulw| frqglwlrqv

+Glhzhuw ) Zdohv +4<;:,,1 Lq wklv uhvshfw/ wkh wudqvorj ixqfwlrqdo irup lv d sduwlfxoduo|

frpsolfdwhg fdvh1 Ehfdxvh ri wkh orjdulwkplf irup/ vhfrqg rughu ghulydwlyhv ghshqg rq

vkduhv dqg sulfhv1 Wkhuhiruh/ wkh| kdyh wr eh fkhfnhg iru hdfk shulrg dqg lqgxvwu|1

Lq idfw/ d jodqfh dw hpslulfdo vwxglhv wkdw hpsor| wkh wudqvorj ixqfwlrqdo irup uhyhdov

wkdw prvw uhvhdufkhuv kdyh wr vwuxjjoh zlwk fxuydwxuh frqglwlrqv1 Ehuqvwhlq ) Qdglul

+4<;;, kdyh wr uhwuhdw wr d wuxqfdwhg wudqvorj irup zlwkrxw vtxduhg whupv wr uhvroyh wkh

sureohp ri ylrodwhg frqfdylw| frqglwlrqv1 Iru vrph lqgxvwulhv lq klv vdpsoh/ Pdpxqhdv

+4<<<, kdv wr vhw vhyhudo vhfrqg rughu sulfh sdudphwhuv wr }hur wr dyrlg wkdw klv hvwlpdwhg

frvw ixqfwlrq ylrodwhv frqfdylw| uhvwulfwlrqv1 Lq sulqflsoh/ lpsrvlwlrq ri joredo frqfdylw|

lv srvvleoh iru wkh wudqvorj frvw ixqfwlrq/ exw wkdw uhpryhv prvw ri lwv  h{lelolw| +Glhzhuw

) Zdohv 4<;:,1

Wr wdfnoh sureohpv frqfhuqlqj wkh frqfdylw| uhvwulfwlrqv/ dq dowhuqdwlyh ixqfwlrqdo

irup zloo eh xvhg rq zklfk joredo fxuydwxuh frqglwlrqv fdq eh lpsrvhg pxfk pruh hdvlo|

wkdq lq wkh wudqvorj fdvh1 Wkh v|pphwulf jhqhudol}hg PfIdgghq ixqfwlrqdo irup zdv

ruljlqdoo| lqwurgxfhg lqwr wkh olwhudwxuh e| Glhzhuw ) Zdohv +4<;:, dv d voljkw jhqhudo0
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l}dwlrq ri d ixqfwlrqdo irup sursrvhg e| PfIdgghq +4<:;e,1 Wkh irup kdv ehhq h{whqghg

e| rwkhu dxwkruv wr lqfoxgh �{hg lqsxwv +Udvn 4<<8,/ ru h{whuqdo idfwruv +Ehuqvwhlq )

\dq 4<<:/ Ehuqvwhlq ) Prkqhq 4<<;,1 Wkh iroorzlqj vshfl�fdwlrq lv fkrvhq lq wklv vwxg|=

�� ' }E� � � t n
[
�

K�� � �� � t n
[
�

K� � �� n
[
�

K�| � �� � | � t +6155,

nK|E
[
�

�k� � ��� � |n Kt t E
[
�

�q� � ��� � t
2 n K||E

[
�

��� � ��� � |
2 � t

nK-t E
[
�

��� � ��� �- � t n
[
�

K7�E
[
�

�l � � ��� � 7�

zkhuh }E� � ' �
2
E�

� 77�
w�

�1 � lv d �0glphqvlrqdo yhfwru frqwdlqlqj wkh sulfhv/ 77 d v|pphwulf

pdwul{ zlwk hohphqwv Er���/ dqg w d �0glphqvlrqdo yhfwru ri frqvwdqwv vhohfwhg e| wkh

uhvhdufkhu1 Iru lghqwl�fdwlrq sxusrvhv/ � dgglwlrqdo uhvwulfwlrqv kdyh wr eh lpsrvhg rq

77 G
S

� r�� ' f� Qrwh/ wkdw wkh frvw ixqfwlrq lv krprjhqhrxv lq sulfhv e| frqvwuxfwlrq1

Lq wklv vwxg|/ wkh frvw ixqfwlrq lqfoxghv wkuhh gl�huhqw sulfhv/ qdpho| wkh zdjh udwh/

�u/ wkh sulfh ri pdwhuldo lqsxwv/ �� / dqg wkh xvhu frvw ri sk|vlfdo fdslwdo/ �gc vr � '

ucgc��

Wkh ghyhorsphqw ri U)G surmhfwv wdnhv d orqj wlph dqg lv vxemhfw wr pdq| xqfhu0

wdlqwlhv1 Wkxv/ lw vhhpv uhdvrqdeoh wr eholhyh wkdw U)G pd| qrw eh dgmxvwhg rswlpdoo|

lq hdfk shulrg1 Wklv fdoov iru prghoolqj wkh U)G fdslwdo vwrfn/ -c dv txdvl0�{1 Krzhyhu/

dowkrxjk +6155, orrnv olnh d yduldeoh frvw ixqfwlrq zlwk U)G dv d txdvl0�{ idfwru/ wkh lq0

whusuhwdwlrq lq wkh hpslulfdo lqyhvwljdwlrq suhvhqwhg khuh lv gl�huhqw gxh wr wkh vshfl�fv

ri wkh gdwd frqvwuxfwlrq1 Wkh ulydo lqsxw idfwruv/ oderu/ fdslwdo dqg pdwhuldo lqsxwv/

duh qrw fruuhfwhg iru wkh lqfoxvlrq ri U)G frvwv1 Wkhuhiruh/ K-t grhv qrw phdvxuh wkh

lpsdfw ri wkh U)G fdslwdo vwrfn rq yduldeoh qrq0U)G frvwv1 Lw phdvxuhv wkh lpsdfw rq

wrwdo frvwv lqfoxglqj U)G1 Wklv fdq eh lqwhusuhwhg dv dq h{fhvv uhwxuq wr U)G dv zloo

eh dujxhg pruh suhflvho| lq vhfwlrq 616151 Lw vkrxog dovr eh qrwhg wkdw ehfdxvh ri wklv/

wkh U)G fdslwdo vwrfn grhv qrw kdyh wr frpso| zlwk wkh xvxdo uhjxodulw| frqglwlrqv iru

8;



txdvl0�{ idfwruv1

Wkuhh gl�huhqw vslooryhu yduldeohv duh frqvlghuhg dv h{whuqdo idfwruv/ qdpho| vslooryhuv

iurp rwkhu grphvwlf lqgxvwulhv/ 7_/ vslooryhuv iurp wkh vdph lqgxvwu| lq rwkhu frxqwulhv/

7src dqg vslooryhuv iurp wkh rwkhu lqgxvwulhv lq iruhljq frxqwulhv/ 7sJ/ vr � ' _c src sJ�

Qrwh wkdw wkh irup lv  h{leoh zlwk uhvshfw wr sulfhv/ lqfrph dqg wkh wlph wuhqg/ exw

qrw zlwk uhvshfw wr U)G dqg wkh vslooryhu yduldeohv1 Ioh{lelolw| zlwk uhvshfw wr U)G

fdslwdo vwrfnv lv vdful�fhg wr dyrlg erwk h{fhvvlyh frpsoh{lw| dqg/ zkdw lv pruh/ sureohpv

frqfhuqlqj pxowlfroolqhdulw|/ zklfk dulvh ehfdxvh wkh wlph wuhqg dqg doo ri wkh U)G

fdslwdo vwrfnv lqyroyhg lq wkh hvwlpdwlrq duh kljko| froolqhdu1

Lq sulqflsoh/ wkh sdudphwhuv �k�c �q�c ���c ���c �l � frxog eh hvwlpdwhg/ vhwwlqj K|/ Kt t c K||/

K-t c K7� wr 41 Krzhyhu/ wr suhvhuyh ghjuhhv ri iuhhgrp/ �k�c �q�c ���c ���c �l � duh vhw htxdo

wr w�/ wkh fruuhvsrqglqj hohphqw lq w� K|/ Kt t c K||/ K-t c K7� duh wkhq sdudphwhuv wr eh

hvwlpdwhg1 Qrwh wkdw wkh ixqfwlrqdo irup lv vwloo  h{leoh zlwk uhvshfw wr sulfhv ri ulydo

idfwruv dqg wkh wlph wuhqg diwhu wklv vlpsol�fdwlrq1 Wkh fulwhulrq hvwdeolvkhg lq wkh odvw

vhfwlrq uhtxluhv �E� n��*2n2� n� iuhh sdudphwhuv iru d  h{leoh frvw ixqfwlrq zlwk �

idfwruv ri surgxfwlrq dqg d wlph wuhqg/ exw qr h{whuqdo yduldeohv1 �E� n ��*2 n 2� n �

lv �D lq wkh fdvh ri wkuhh idfwru lqsxwv1 Ohwwlqj U)G dqg vslooryhu yduldeohv dvlgh/ wkh

frvw ixqfwlrq frqwdlqv h{dfwo| 48 iuhh sdudphwhuv diwhu suhvhohfwlqj �k�c �q�c ���c ���c �l ��

Wkh fkrlfh ri w lv frpsohwho| duelwudu|1 Gl�huhqw uhvhdufkhuv kdyh h{shulphqwhg zlwk

pdq| gl�huhqw ydoxhv/ lqfoxglqj d ydoxh ri rqh iru doo hohphqwv ri w� Lq wklv vwxg|/ wkh

hohphqwv ri w duh vhw htxdo wr wkh vdpsoh plgsrlqw ri wkh udwlr ri wkh fruuhvsrqglqj lqsxw

ydoxh wr frvwv1

Dv Glhzhuw )Zdohv +4<;:, srlqw rxw/ wkh frvw ixqfwlrq zloo eh frqfdyh lq sulfhv li dqg

rqo| li 77 lv qhjdwlyh vhpl0gh�qlwh1 Frqfdylw| fdq eh lpsrvhg xvlqj d whfkqltxh ghyhorshg

e| Zloh|/ Vfkplgw ) Eudpeoh +4<:6,1 Dffruglqj wr wklv dssurdfk/ 77 lv frqvwudlqhg wr

eh htxdo wr 77 ' � �~ �~ �/ zkhuh �~ lv d orzhu wuldqjxodu pdwul{1 Wkh qhhg iru dw ohdvw �

uhvwulfwlrqv rq 77 uhpdlqv1 Urz vxpv pd| eh fkrvhq wr htxdo f dv deryh1
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Idfwru ghpdqg htxdwlrqv fdq djdlq eh ghulyhg xvlqj Vkhskdug*v ohppd1

%� '

S
& r�&�&S
& w&�&

� t � w�

S
�

S
& r&��&��

E
S

& w&�&�
2

� t +6156,

nK�� � t n K� n K�| � | � t n K|w� � |n Kt t w� � t
2 n K||w� � |

2 � t

nK-t w� �- � t n
[
�

K7�w� � 7�

iru � ' ucgc� dqg & ' ucgc�� Sur�w pd{lpl}dwlrq lpsolhv �t ' > Y ��
Yt
c zkhuh > lv

wkh pdun0xs ri sulfh ryhu pdujlqdo frvw1 Lq wkh fdvh ri wkh PfIdgghq frvw ixqfwlrq wkh

h{dfw vshfl�fdwlrq iru wklv htxdwlrq lv=

�t ' >i}E� � n
[
�

K�� � �� n
[
�

K�| � �� � | +6157,

n2Kt t E
[
&

w& � �&� � t n K||E
[
&

w& � �&� � |
2 n K-t E

[
&

w& � �&� �-j

Wkh pdun0xs > lv wkhq d sdudphwhu wr eh hvwlpdwhg1 Fohduo|/ lw lv rqo| lghqwl�hg zkhq

hvwlpdwlqj wkh sulfh htxdwlrq dorqj zlwk wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp

lpsrvlqj furvv htxdwlrq uhvwulfwlrqv1 Phdvxuhv iru wkh udwh ri uhwxuqv wr vfdoh/ wkh udwh

ri whfkqlfdo surjuhvv dqg frvw hodvwlflwlhv zlwk uhvshfw wr wkh gl�huhqw fdslwdo vwrfnv fdq

hdvlo| eh ghulyhg iurp wkh hvwlpdwhg frvw ixqfwlrq1

Pdq| vwxglhv wkdw xvh wkh idfwru ghpdqg iudphzrun h{sorlw wkh srvvlelolw| wr prgho

vrph idfwruv dv txdvl0�{/ riwhq erwk sk|vlfdo dqg U)G fdslwdo1 Dgmxvwphqw frvwv duh

lq pdq| fdvhv prghohg h{solflwo|1 Wr dffrpprgdwh srvvleoh vkruw0uxq ghyldwlrqv iurp

htxloleulxp lq wklv vwxg| dq huuru fruuhfwlrq irup lv fkrvhq lqvwhdg1 Wklv iudphzrun

doorzv iru whpsrudu| ghyldwlrqv iurp rswlpdo dgmxvwphqw ri doo idfwruv ri surgxfwlrq/

hyhq wkrvh zklfk duh qrw prghoohg dv ehlqj txdvl0�{1 Dw wkh vdph wlph/ wkhuh lv qr qhhg

wr prgho dgmxvwphqw frvwv h{solflwo|1

Pruhryhu/ wkh huuru fruuhfwlrq irup lv dsw wr kdqgoh uhvlgxdo dxwrfruuhodwlrq1 Wklv

sureohp lv iuhtxhqwo| hqfrxqwhuhg zkhq hvwlpdwlqj idfwru ghpdqg v|vwhpv1 Wkh huuru
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fruuhfwlrq irup lv wkhuhiruh d sduwlfxoduo| dwwudfwlyh zd| wr hqfrpsdvv ghyldwlrqv iurp

htxloleulxp/ vlqfh dv d vlgh0h�hfw/ lw dovr wdfnohv hfrqrphwulf sureohpv wkdw duh rwkhuzlvh

gl!fxow wr kdqgoh1

61516 Wkh Huuru Fruuhfwlrq Irup

Wkh prwlydwlrq iru wkh xvh ri dq huuru fruuhfwlrq irup lv wkh revhuydwlrq wkdw wkh dfwxdo

idfwru ghpdqg pd| qrw eh rswlpdo lq hdfk shulrg/ ehfdxvh iru vrph uhdvrq dgmxvwphqw

wr rswlpxp pd| eh frvwo|1

D yhu| jhqhudo zd| wr prgho wklv skhqrphqrq lv rxwolqhg lq Dqghuvrq ) Eoxqghoo

+4<;5,1 Wkh huuru fruuhfwlrq phfkdqlvp fdq eh ghulyhg iurp d jhqhudo dxwruhjuhvvlyh

glvwulexwhg odj prgho1 Ohw f| ghqrwh wkh yhfwru ri dfwxdo idfwru lqsxwv dw wlph |/ zklfk

lv wkuhh0glphqvlrqdo lq wkh fdvh ri d yduldeoh frvw ixqfwlrq zlwk U)G fdslwdo dv d txdvl0

�{ lqsxw dqg sk|vlfdo fdslwdo/ pdwhuldo lqsxwv dqg oderu dv yduldeoh lqsxwv1 fW
| lv wkh

yhfwru ri htxloleulxp idfwru lqsxwv zkhq doo yduldeoh idfwruv duh rswlpdoo| dgmxvwhg1 Iru

looxvwudwlyh sxusrvhv/ d vlqjoh odj lq wkh dgmxvwphqw surfhvv lv dvvxphg/ dowkrxjk wkh

ghulydwlrq fdq hdvlo| eh h{whqghg wr orqjhu odj vwuxfwxuhv=

f| ' �%f
W
| n�%f

W
|3� n(%f|3� +6158,

Lq htxloleulxp f| ' fW
| / f

W
| ' fW

|3� dqg f| ' fE|3��/ �% n �% n (% ' U� pxvw

krog/ zkhuh U� lv wkh lghqwlw| pdwul{� Wkxv wkh phfkdqlvp fdq eh uhsuhvhqwhg lq huuru

fruuhfwlrq irup dv

{f| ' �%{f
W
| n KEf|3� �fW

|3�� +6159,

zkhuh K ' �E�% n �%�� Qrwh wkdw wkh hohphqwv lq fW
| duh frpelqdwlrqv ri htxloleulxp

sdudphwhuv dqg lqghshqghqw yduldeohv dv dssduhqw lq +6156,1 Wkh huuru fruuhfwlrq prgho

wkhuhiruh uhtxluhv uhjuhvvlqj wkh �uvw gl�huhqfhv ri dfwxdo idfwru lqsxwv rq wkh odjjhg

idfwru lqsxwv dv zhoo dv �uvw gl�huhqfhv dqg odjv ri lqghshqghqw yduldeohv1 Lq wkh prvw

jhqhudo irup ri wkh huuru fruuhfwlrq prgho/ wkh hvwlpdwhg sdudphwhuv ri odjjhg gl�huhqfhv
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ri sulfhv/ lqfrph dqg U)G yduldeohv duh olqhdu frpelqdwlrqv ri wkh hohphqwv lq �% dqg

wkh htxloleulxp sdudphwhuv1 Wkh huuru fruuhfwlrq whupv/ lq wxuq/ duh olqhdu frpelqdwlrqv

ri wkh hohphqwv lq �% dqg �%�

Li wkh dxwruhjuhvvlyh glvwulexwhg odj prgho kdv d orqjhu odj vwuxfwxuh/ wkh huuru fruuhf0

wlrq iruppd| dovr lqfoxgh odjjhg gl�huhqfhv ri wkh dfwxdo idfwru lqsxwv1 Pruh vshfl�fdoo|=

{f| '
[
�

�%�{f
W
|3� n KEf|3� �fW

|3�� n
[
�

.%�{f|3� n �%| +615:,

zkhuh �%| lv d yhfwru ri huuru whupv dqg .%� lv d sdudphwhu pdwul{1 Lq wkh hpslulfdo

lqyhvwljdwlrq suhvhqwhg ehorz/ wkh pdwulfhv K dv zhoo dv �%� dqg .%� duh dvvxphg wr eh

gldjrqdo iru doo odjv �� Wklv lv grqh iru wkh vdnh ri vlpsolflw| dqg wr suhvhuyh ghjuhhv ri

iuhhgrp1

Zkloh wkhuh lv qr hfrqrplf wkhru| xqghuo|lqj wkh vkruw0uxq r�0htxloleulxp g|qdplfv

lq +615:,/ wkh htxloleulxp idfwru lqsxwv fW
| fdq eh ghulyhg iurp d frvw ixqfwlrq dsso|lqj

Vkhskdug*v ohppd1 Lw lv dvvxphg wkdw wkh frvw ixqfwlrq fdq dovr eh uhsuhvhqwhg lq dq

huuru fruuhfwlrq irup/ zklfk fdq eh ghulyhg iurp dq dxwruhjuhvvlyh glvwulexwhg odj prgho

lq dq dqdorjrxv idvklrq dv deryh1

{ ��| '
[
�

BeS�{ ��W
|3� n �SE ��|3� � ��W

E|3��� n
[
�

BS�{ ��|3� n �S| +615;,

��| ghqrwhv dfwxdo ru revhuyhg frvw dw wlph shulrg | dqg ��W
| ghqrwhv htxloleulxp frvwv dv

vshfl�hg lq +6155,1 �S lv wkh huuru fruuhfwlrq sdudphwhu dqg �S| lv dq huuru whup� Wkh

BeS�r duh wkh sdudphwhuv iru wkh odjjhg gl�huhqfhv ri htxloleulxp frvwv dqg wkh BS�r iru

wkh odjjhg gl�huhqfhv ri dfwxdo frvwv1 Dffruglqjo|/ wkh huuru fruuhfwlrq uhsuhvhqwdwlrq iru

wkh sulfh htxdwlrq fdq eh uhsuhvhqwhg dv=

{�t | '
[
�

Bet �{�
W
t |3� n �t E�t E|3�� � � W

t E|3��� n
[
�

Bt �{�t |3� n �t | +615<,

Wkh v|vwhp +615:,0+615<, fdq wkhq eh hvwlpdwhg lpsrvlqj furvv0htxdwlrq uhvwulfwlrqv rq
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htxloleulxp idfwru vkduhv/fW
|3�/ odjjhg htxloleulxp sulfhv/ � W

t E|3��c dqg odjjhg htxloleulxp

frvwv/ ��W
E|3��c dv zhoo dv furvv htxdwlrq uhvwulfwlrqv dprqj odjjhg gl�huhqfhv ri wkhvh

htxloleulxp yduldeohv1 Phdvxuhv iru udwh ri uhwxuqv wr vfdoh/ wkh udwh ri whfkqrorjlfdo

surjuhvv dqg frvw hodvwlflwlhv iru wkh U)G yduldeohv fdq eh ghulyhg iurp wkh hvwlpdwhg

htxloleulxp ixqfwlrq dv rxwolqhg lq vhfwlrq 614151

Qrw rqo| lv wkh huuru fruuhfwlrq prgho dwwudfwlyh ehfdxvh lw doorzv iru ghyldwlrqv iurp

htxloleulxp zlwkrxw d qhhg wr prgho wkh dgmxvwphqw surfhvv h{solflwo|/ lw lv dovr dsw

wr wdfnoh wkh sureohp ri dxwrfruuhodwlrq lq wkh uhvlgxdov1 Wklv lv iuhtxhqwo| hqfrxq0

whuhg zkhq hvwlpdwlqj idfwru ghpdqg v|vwhpv1 Vrph uhvhdufkhuv uhfxu wr wkh wudglwlrqdo

Frfkudqh0Rufxww phwkrg wr fruuhfw iru dxwrfruuhodwlrq +Qdglul ) Qdqgl 4<<<,1 Krzhyhu/

dv Pl}rq +4<<8, vkrzv/ d pruh jhqhudo vshfl�fdwlrq/ vxfk dv wkh huuru fruuhfwlrq irup lv

suhihudeoh/ vlqfh wkh Frfkudqh0Rufxww dxwrfruuhodwlrq fruuhfwlrq lpsrvhv frpprq idfwru

uhvwulfwlrqv1 Li lqydolg/ wkhvh pd| eldv hvwlpdwlrq uhvxowv1

Wkh qh{w vhfwlrq suhvhqwv wkh gdwd xvhg lq wkh hpslulfdo lqyhvwljdwlrq1

616 Wkh Gdwd

61614 Sulfhv/ Rxwsxw dqg Lqsxwv

Wkh frvw ixqfwlrq lv hvwlpdwhg zlwk dqqxdo wzr0gljlw pdqxidfwxulqj lqgxvwulhv gdwd ri vl{

pdmru RHFG frxqwulhv= XVD/ Fdqdgd/ Mdsdq/ Jhupdq|/ Iudqfh dqg Lwdo|1 Dq lqgxvwu|

olvw lv surylghg lq wkh gdwd dsshqgl{1

Rxwsxw/ idfwru lqsxwv dqg wkh fruuhvsrqglqj sulfh gdwd prvwo| vwhp iurp wkh RHFG

VWDQ gdwdedvh1 Hduolhu yhuvlrqv ri wklv gdwdvhw kdyh ehhq xvhg ehiruh wr lqyhvwljdwh

pdun0xsv +Ehffduhoor 4<<9, dqg wkh uroh ri nqrzohgjh +Nhoohu 5334/ Jul!wk hw do1 5333,1

Krzhyhu/ wkhvh vwxglhv vx�hu iurp wkh sureohp wkdw hduolhu yhuvlrqv ri wklv gdwdedvh gr

qrw lqfoxgh jurvv rxwsxw lq frqvwdqw sulfhv1 Wkhuhiruh/ dxwkruv zhuh suhylrxvo| frq�qhg

wr xvlqj ydoxh0dgghg gdwd1 Wkh qryho ihdwxuh ri wkh qhz VWDQ gdwdedvh xvhg lq wklv vwxg|

lv wkh dydlodelolw| ri jurvv rxwsxw dqg pdwhuldo lqsxwv1 Wkh qhz VWDQ gdwdedvh r�huv
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iru wkh �uvw wlph wkh srvvlelolw| wr vwxg| surgxfwlrq vwuxfwxuh dqg wkh uroh ri nqrzohgjh

iru surgxfwlylw| zlwk d ghwdlohg lqwhuqdwlrqdo lqgxvwu| gdwd vhw wkdw lv qrw vxemhfw wr

eldvhv dvvrfldwhg zlwk wkh rplvvlrq ri pdwhuldo lqsxwv1 Vlqfh U)G edvhg jurzwk wkhru|

lpsolhv wkdw srwhqwldo eldvhv dvvrfldwhg zlwk wkh rplvvlrq ri pdwhuldo lqsxwv duh olnho| wr

pdwhuldol}h/ wklv qhz ihdwxuh ri wkh VWDQ gdwdedvh lv d gh�qlwh dgydqwdjh ryhu hduolhu

yhuvlrqv1

Lq wkh VWDQ gdwdedvh/ Jhupdq gdwd lv dydlodeoh iru wkh xql�hg frxqwu| rqo| zklfk

uhgxfhv wkh vdpsoh shulrg wr 4<<404<<;1 Vlqfh wklv lv qrw hqrxjk iru uholdeoh hvwlpdwlrq/

gdwd iru Zhvw0Jhupdq pdqxidfwxulqj lqgxvwulhv jdwkhuhg e| wkh Ghxwvfkhv Lqvwlwxw i u

Zluwvfkdiwviruvfkxqj +GLZ, lv xvhg lqvwhdg +Jùu}lj/ Vfklqwnh ) Vfkplgw 5333,1

Rxwsxw lv jurvv rxwsxw lq 4<<8 sulfhv1 Wdeoh 614 vkrzv wkh uhodwlyh vl}h ri hdfk

frxqwu| lq whupv ri lwv vkduh lq djjuhjdwh pdqxidfwxulqj jurvv rxwsxw dqg lq djjuhjdwh

U)G fdslwdo ri doo frxqwulhv1 Wkh wdeoh dovr glvsod|v djjuhjdwh pdqxidfwxulqj U)G

fdslwdo jurzwk1 Erwk lq whupv ri lwv vkduh lq rxwsxw dv lq U)G/ wkh XV lv wkh eljjhvw

hfrqrp| iroorzhg e| Mdsdq dqg Jhupdq|1

Wdeoh 614= Uhodwlyh Vl}h ri Pdqxidfwxulqj Vhfwruv lq Whupv ri Rxwsxw dqg U)G Fdslwdo

Frxqwu| Vkduh lq U)G Fdslwdo Vkduh lq Rxwsxw U)G Fdslwdo Jurzwk

Fdqdgd 4186 7183 81;4

Iudqfh 91<; ;157 6198

Jhupdq| 451<< 45153 616:

Lwdo| 51<7 <18: 8136

Mdsdq 53144 541<; 91:6

XV 88178 76184 6139

+Dyhudjh Shufhqwdjh ryhu 4<;504<<;,

Krzhyhu/ wkh XV vkduh lq djjuhjdwh U)G fdslwdo ri doo frxqwulhv lv vljql�fdqwo| kljkhu

wkdq lwv vkduh lq djjuhjdwh rxwsxw1 Lwdo| dqg Fdqdgd/ rq wkh rwkhu kdqg/ duh vpdoohu lq

whupv ri U)G wkdq lq whupv ri rxwsxw/ zkloh wkh uhodwlyh vl}h ri wkh uhpdlqlqj frxqwulhv

lv dssur{lpdwho| wkh vdph uhjdugohvv ri wkh lqglfdwru1

Wklv lqglfdwhv wkdw gl�huhqw U)G lqwhqvlwlhv/ wkdw lv udwlrv ri U)G wr rxwsxw/ suhydlo

lq wkhvh frxqwulhv1 Krzhyhu/ wkh pdqxidfwxulqj U)G fdslwdo vwrfn juhz uhodwlyho| idvw rq
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dyhudjh lq Fdqdgd dqg Lwdo|/ zkhuh U)G lqwhqvlw| lv orzhu wkdq lq rwkhu frxqwulhv/ zkloh

wkh vorzhvw jurzwk rffxuuhg lq wkh uhodwlyho| U)G lqwhqvlyh pdqxidfwxulqj lqgxvwulhv ri

wkh XV1

Sulfhv iru jurvv rxwsxw dqg ydoxh0dgghg duh fdofxodwhg dv wkh udwlr ri wkh qrplqdo

rxwsxw vhulhv wr lwv frqvwdqw sulfh frxqwhusduw1 4<<8 lv wkh edvh|hdu1 Pdwhuldo lqsxwv duh

phdvxuhg dv wkh gl�huhqfh ehwzhhq jurvv rxwsxw dqg ydoxh dgghg1 Wkh pdwhuldo lqsxwv

sulfh lv wkh udwlr ri qrplqdo pdwhuldo lqsxwv wr wkh vdph vhulhv lq 4<<8 sulfhv1

Wkh oderu lqsxw yduldeoh lv phdvxuhg dv wrwdo hpsor|phqw/ dqg wkh zdjh udwh lv wkh

udwlr ri oderu frpshqvdwlrq wr wkh qxpehu ri hpsor|hhv1 Wklv dvvxphv lpsolflwo| wkdw

wkh vhoi0hpsor|hg uhfhlyh wkh vdph zdjh udwh dv wkh hpsor|hhv1 Doo sulfhv duh qrupdol}hg

wr 4 lq 4<<81 Frqvhtxhqwo|/ wkh oderu lqsxw yduldeoh lv pxowlsolhg e| wkh zdjh udwh ri wkh

edvh|hdu/ vr wkdw wkh surgxfw ri oderu lqsxw dqg wkh zdjh udwh htxdov oderu frpshqvdwlrq1

Qhw fdslwdo vwrfnv duh dydlodeoh iru wkh XV/ Lwdo| dqg Iudqfh1 Iru Fdqdgd/ Jhupdq|

dqg Mdsdq/ wkh| duh fdofxodwhg zlwk wkh shushwxdo lqyhqwru| phwkrg1 Doo frqvwdqw sulfh

yduldeohv duh frqyhuwhg wr XV grooduv xvlqj 4<<8 sxufkdvlqj srzhu sdulwlhv1 Wkh xvhu frvw

ri fdslwdo lv fdofxodwhg dv �g ' /gEo n B�c zkhuh /g lv wkh lqyhvwphqw sulfh gh dwru/ o

lv wkh uhdo lqwhuhvw udwh dqg B lv wkh ghsuhfldwlrq udwh ri sk|vlfdo fdslwdo1

Wkh vdpsoh shulrg lv 4<;304<<;1 Krzhyhu/ wkh gdwd lv qrw dozd|v frpsohwh1 Iru Lwdoldq

lqgxvwulhv/ qr gdwd lv dydlodeoh iru wkh wlph ehiruh 4<;51 Fdqdgldq gdwd lv frpsohwh rqo|

xs xqwlo 4<<91 Mdsdqhvh gdwd lv dydlodeoh rqo| iru d ihz uhodwlyho| djjuhjdwh lqgxvwulhv1

D ghwdlohg ghvfulswlrq ri gdwd vrxufhv dqg yduldeoh frqvwuxfwlrq lv surylghg lq wkh

gdwd dsshqgl{1

61615 U)G dqg Surgxfwlylw|

Gxh wr gdwd olplwdwlrqv lw lv qrw srvvleoh wr fruuhfw oderu/ pdwhuldo lqsxwv dqg fdslwdo

iru U)G h{shqglwxuhv wr dyrlg grxeoh frxqwlqj/ Wr xqghuvwdqg zkdw wklv lpsolhv iru wkh

lqwhusuhwdwlrq ri wkh hvwlpdwhg h�hfw ri U)G/ frqvlghu d vlpsoh Free0Grxjodv surgxfwlrq

ixqfwlrq t ' �ukgq� l-1� Qrz/ wkh oderu yduldeoh pd| lqfoxgh U)G h{shqglwxuhv/
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ehfdxvh vrph ri wkh vwd� zrunv lq uhvhdufk dqg ghyhorsphqw1 Olnhzlvh/ vrph ri wkh

pdwhuldo lqsxwv mxvw dv zhoo dv pdfklqhu| dqg htxlsphqw duh xvhg lq wkh surfhvv ri

dftxlulqj qhz nqrzohgjh1 Wkxv/ hdfk ri wkh wkuhh �wudglwlrqdo� idfwruv ri surgxfwlrq

lqfoxghv vrph U)G h{shqglwxuh1

Qrwh wkdw wkhuh lv jrrg uhdvrq wr wuhdw h{shqglwxuhv rq U)G oderu/ fdslwdo ru pdwhuldo

lqsxwv dv d vshfldo fdvh1 Qhz nqrzohgjh kdv d srvlwlyh lpsdfw rq rxwsxw qrw rqo|

wrgd|1 Vrph ri lw zloo eh pdlqwdlqhg dqg hqkdqfh surgxfwlylw| lq wkh ixwxuh1 Wkhuhiruh/

wkhuh lv jrrg uhdvrq wr vxewudfw U)G h{shqglwxuhv iurp wkh wudglwlrqdo idfwruv dqg

frqvwuxfw d vwrfn yduldeoh1 Lq wkdw fdvh k/ q dqg l phdvxuh wkh surgxfwlrq hodvwlflwlhv

ri wudglwlrqdo idfwruv rqo|/ zkloh 1 phdvxuhv wkh ixoo lpsdfw ri U)G1 Uhvxowv kdyh wr

eh lqwhusuhwhg d olwwoh gl�huhqwo| zkhq oderu/ fdslwdo dqg pdwhuldo lqsxwv vwloo lqfoxgh

wkhlu U)G frpsrqhqwv1 1 zloo eh srvlwlyh rqo| li nqrzohgjh lv lqghhg gl�huhqw iurp wkh

wudglwlrqdo surgxfwlrq idfwruv/ lq wkdw iru h{dpsoh wkh zrun ri U)G shuvrqqho kdv d

vwurqjhu dqg2ru orqjhu odvwlqj h�hfw rq rxwsxw wkdq vlpsoh surgxfwlrq oderu1 Lq wkdw

vhqvh 1 fdq eh lqwhusuhwhg dv dq h{fhvv uhwxuq wr U)G fdslwdo1

Dq dqdorjrxv dujxphqw fdq eh udlvhg iru d frvw ixqfwlrq1 Lw lv lpsruwdqw wr qrwh

wkdw zlwk grxeoh0frxqwlqj d qhjdwlyh h�hfw ri U)G rq frvwv lv d vwurqjhu uhvxow wkdq

�qglqj uhjxodulw| frqglwlrqv ixo�oohg1 Lw phdqv wkdw U)G uhgxfhv frvwv lqfoxglqj U)G

h{shqglwxuhv1 Li wklv lv wkh fdvh/ lw lv fhuwdlqo| vdih wr frqfoxgh wkdw lqyhvwphqw lq

nqrzohgjh0fuhdwlrq hqkdqfhv surgxfwlylw|1

Iru odwhu frpsdulvrq zlwk wkh gxdo phdvxuh ri surgxfwlylw| jurzwk/ Wdeoh 615 suhvhqwv

dyhudjh surgxfwlylw| jurzwk iru hdfk lqgxvwu| lq wkh vdpsoh dv phdvxuhg e| wkh Vrorz

uhvlgxdo1 Lw lv fdofxodwhg dv d glvfuhwh wlph yhuvlrq ri +615,=

7-| ' _E*L}Et|��� 7ru|_E*L}Eu|��� 7rg|_E*L}Eg|��� 7r�|_E*L}E�|�� +6163,

zkhuh | lv d wlph lqgh{/ _E��/ lv wkh �uvw gl�huhqfh rshudwru/ _E~|� ' ~| � ~|3�� 7r�| lv

wkh wlph | dyhudjh ri wkh lqfrph vkduh ri idfwru � ryhu wzr frqvhfxwlyh |hduv= 7r�| '

�
2
Er�| n r�E|3���1 Wkh wrwdo idfwru surgxfwlylw| lv wkxv frqvwuxfwhg dv d Glylvld lqgh{/
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Wdeoh 615= Dyhudjh Jurzwk ri Wrwdo Idfwru Surgxfwlylw|> 4<;304<<;> lq shu fhqw
�J�?|o+

U?_�r|o+
Fdqdgd Iudqfh Jhupdq| Lwdo| Mdsdq XV

Irrg 03154 0316< 3166 3163 04154 03138

Wh{wlohv 3174 317: 3155 31;4 0 31<9

Zrrg 3188 0 3197 418: 0 0

Sxeolvklqj 03196 3175 3183 31:5 0 0

Fkhplfdov 31<7 0 31;3 4169 0 414<

Sodvwlfv 3189 0 3177 3154 0 4175

Plqhudo Surg1 03143 413< 3136 31;4 0 4149

Phwdov 3183 31:3 31:: 4147 03135 31:4

Pdfklqhu| 03164 31:9 31;5 319< 3146 0

Hohfw1 ) Rsw1 Ht1 4178 41:8 319: 4169 5146 0

Wudqvsruw 3159 318; 3167 31;6 0314: 318:

Pdq Q1H1F1 03146 3159 3163 3176 0 0

zklfk lv d fruuhfw dssur{lpdwlrq wr d wudqvorj frvw ixqfwlrq1 Wklv hqfrpsdvvhv pruh

 h{lelolw| wkdq fdofxodwlqj wkh zhljkwv dv wkh dyhudjh zhljkw ryhu wkh vdpsoh shulrg/

zklfk lpsolflwo| lpsolhv d Free0Grxjodv frvw ixqfwlrq1

Ryhudoo/ surgxfwlylw| jurzwk phdvxuhg zlwk wkh Vrorz uhvlgxdo lv udwkhu vpdoo1 Lw

uduho| h{fhhgv 4(1 Rqo| lq wkh hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu| lq Mdsdq grhv

lw h{fhhg 5(1 Lq jhqhudo/ wkh Vrorz uhvlgxdo lv kljkhvw lq wkh fkhplfdo lqgxvwu| dqg lq

hohfwulfdo dqg rswlfdo htxlsphqw1 Lw lv orzhvw lq wkh irrg dqg wredffr lqgxvwu|/ zkhuh

wkh dyhudjh ryhu wkh vdpsoh shulrg lv qhjdwlyh iru Iudqfh/ Mdsdq/ Fdqdgd dqg wkh XV1

Qhjdwlyh surgxfwlylw| jurzwk lv revhuyhg lq d qxpehu ri Fdqdgldq lqgxvwulhv lq dgglwlrq

wr wklv/ lqfoxglqj wkh sdshu dqg sxeolvklqj lqgxvwu|/ plqhudo surgxfwv/ wkh pdfklqhu|

lqgxvwu| dqg pdqxidfwxulqj q1h1f11 Wkh vdph krogv iru wkh Mdsdqhvh wudqvsruw dv zhoo

dv wkh edvlf dqg ideulfdwhg phwdov lqgxvwu|1 Qhjdwlyh surgxfwlylw| jurzwk/ lpso|lqj

whfkqrorjlfdo uhjuhvv/ lv fhuwdlqo| kdug wr lqwhusuhw iurp dq hfrqrplf srlqw ri ylhz1

Dv hqgrjhqrxv jurzwk wkhru| vxjjhvwv wkdw wkhuh lv d olqn ehwzhhq U)G dfwlylw|/

pdun0xsv dqg hfrqrplhv ri vfdoh/ lw lv xvhixo dw wklv srlqw wr wdnh d orrn dw wkh U)G

gdwd xvhg lq wklv vwxg|1 Wkh ode htxlsphqw yhuvlrq ri U)G edvhg jurzwk prghov lpsolhv

wkdw nqrzohgjh vwrfnv fdq eh phdvxuhg zlwk U)G fdslwdo vwrfnv/ dv dssduhqw lq htxdwlrq
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+5156,1 \hw/ lw lv jhqhudoo| djuhhg xsrq wkdw uhvhdufk dqg ghyhorsphqw h{shqglwxuhv duh

dq lpshuihfw phdvxuh iru lqqrydwlrqv/ ehfdxvh wkh| duh dq lqsxw udwkhu wkdq dq rxwsxw ri

wkh nqrzohgjh surgxfwlrq surfhvv1 Qrw doo ri wkh uhvhdufk dqg ghyhorsphqw h{shqglwxuhv

zloo eh htxdoo| vxffhvvixo lq jhqhudwlqj lqqrydwlrqv1 Krzhyhu/ dv lqqrydwlrqv duh qrw

gluhfwo| revhuyhg/ U)G h{shqglwxuhv duh zlgho| xvhg dv d sur{|1 Lw lv krshg wkdw e| wkh

odz ri odujh qxpehuv lqqrydwlrqv zloo rq dyhudjh eh sursruwlrqdo wr U)G h{shqglwxuhv1

Rxwsxw phdvxuhv ri wkh lqqrydwlrq surfhvv/ vxfk dv sdwhqw frxqwv/ duh jhqhudoo| qrw

ghhphg vxshulru1 Iluvwo|/ pdq| lqqrydwlrqv duh qrw sdwhqwhg dqg/ vhfrqgo|/ sdwhqwv zloo

jhqhudoo| qrw eh ri htxdo txdolw|1 Wkh ydoxh ri sdwhqwv pd| gl�hu vkduso|1 Dowkrxjk wklv

lv dovr wuxh iru U)G lqyhvwphqwv/ wkh odz ri odujh qxpehuv lv pruh olnho| wr doohyldwh wklv

sureohp lq wkh fdvh ri U)G h{shqglwxuhv wkdq lq wkh fdvh ri sdwhqwv/ pdlqo| ehfdxvh

wkh surshqvlw| wr sdwhqw gl�huv iru gl�huhqw nlqgv ri lqqrydwlrqv1

U)G lqyhvwphqw gdwd surylghg lq wkh RHFG*v DQEHUG gdwdedvh +RHFG 4<<<, lv

xvhg wr frqvwuxfw U)G fdslwdo vwrfnv1 Wklv gdwd fryhuv doo lqwudpxudo exvlqhvv hqwhusulvh

U)G h{shqglwxuh1 Wkh U)G fdslwdo vwrfnv duh frpslohg dsso|lqj wkh shushwxdo lqyhq0

wru| phwkrg wr wkh U)G lqyhvwphqw gdwd1 Wkh lqyhvwphqw vhulhv duh gh dwhg zlwk wkh

uhvshfwlyh frxqwu|*v JGS0Gh dwru1 Wkh ghsuhfldwlrq udwh Bo lv dvvxphg wr eh �2I zklfk

frlqflghv zlwk Qdglul ) Suxfkd*v +4<<6, hvwlpdwh ri wkh U)G fdslwdo vwrfn ghsuhfldwlrq

udwh iru wkh XV wrwdo pdqxidfwxulqj vhfwru1 Doo U)G fdslwdo vwrfnv duh frqyhuwhg wr XV

Grooduv xvlqj 4<<8 sxufkdvlqj srzhu sdulwlhv1

Vlqfh wkh uhodwlyh vl}h ri frxqwulhv lq whupv ri rxwsxw dqg lq whupv ri U)G gl�huv

frqvlghudeo| lq vrph fdvhv/ lw vhhpv wr eh wkh fdvh wkdw U)G lqwhqvlwlhv ydu| dfurvv

frxqwulhv/ dv dujxhg lq wkh suhylrxv vhfwlrq1 Wr jhw d pruh ghwdlohg slfwxuh/ Wdeoh 616

glvsod|v U)G0lqwhqvlw| e| lqgxvwu| dv phdvxuhg e| wkh udwlr ri U)G h{shqglwxuhv wr

jurvv rxwsxw ryhu wkh shulrg 4<;304<<;1 XV dqg Mdsdqhvh lqgxvwulhv whqg wr eh d olwwoh

pruh U)G lqwhqvlyh wkdq wkrvh ri rwkhu frxqwulhv/ zkloh U)G lqwhqvlw| lv uhpdundeo| orz

lq Lwdoldq lqgxvwulhv1 Ryhudoo/ wkh vdph lqgxvwu| jurxsv whqg wr eh wkh prvw U)G lqwhq0

vlyh dfurvv frxqwulhv/ qdpho| fkhplfdov/ hohfwulfdo dqg rswlfdo htxlsphqw dqg wudqvsruw
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Wdeoh 616= Dyhudjh Udwlr ri U)G wr Rxwsxw> 4<;304<<;> lq shu fhqw
�J�?|o+

U?_�r|o+
Fdqdgd Iudqfh Jhupdq| Lwdo| Mdsdq XV

Irrg 3149 3155 314; 313: 318: 3165

Wh{wlohv 3163 3154 3165 3134 3187 314<

Zrrg 3146 3144 314; 3136 0 3164

Sxeolvklqj 3163 3143 314; 3135 3164 316;

Fkhplfdov 4193 618; 7199 5147 71;7 7183

Sodvwlfv 3164 419; 4134 3188 9136 413;

Plqhudo Surg1 3154 319; 31;8 313; 41;< 4137

Phwdov 3179 318: 31;8 3159 31<< 318;

Pdfklqhu| 4136 416: 5155 3183 41;8 418:

Hohfw1 ) Rsw1 Ht1 :188 91;9 9169 615< 81<; ;1<5

Wudqvsruw 4149 71<: 7193 61;7 51:5 ;158

Pdq Q1H1F1 3184 3159 3184 3136 0 0

htxlsphqw1 Rqo| wkh Fdqdgldq fkhplfdo lqgxvwu| lv qrw yhu| U)G lqwhqvlyh1

Hvshfldoo| lq wkh fdvh ri wkh hohfwulfdo dqg rswlfdo htxlsphqw dqg wkh fkhplfdo lqgxvwu|

uhodwlyho| kljk U)G lqwhqvlw| dqg uhodwlyho| kljk surgxfwlylw| jurzwk vhhp wr frlqflgh1

Krzhyhu/ wkh Vrorz uhvlgxdo xvhg wr phdvxuh WIS jurzwk glvsod|hg lq Wdeoh 615 lv eldvhg

xszdug li pdunhw srzhu dqg hfrqrplhv ri vfdoh suhydlo/ dv vkrxog eh wkh fdvh dffruglqj

wr U)G edvhg jurzwk wkhrulhv1 Wkhuhiruh wkh surgxfwlylw| jurzwk phdvxuh ghulyhg iurp

wkh frvw ixqfwlrq dqg idfwru ghpdqg prgho glvfxvvhg lq vhfwlrq 61515 lv suhvhqwhg lq wkh

qh{w vhfwlrq1 Wklv iudphzrun grhv qrw lpsrvh dq| uhvwulfwlrqv dv idu dv frpshwlwlyhqhvv

dqg uhwxuqv wr vfdoh duh frqfhuqhg1 Dw wkh vdph wlph/ wkh idfwru ghpdqg prgho lv xvhg

wr rewdlq hvwlpdwhv ri pdun0xsv dqg hfrqrplhv ri vfdoh wr dvvhvv krz lpsruwdqw lw lv

hpslulfdoo| wr fkrrvh d iudphzrun zklfk lv urexvw wr wkh suhvhqfh ri pdun0xsv dqg2ru

hfrqrplhv ri vfdoh1
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714 Hvwlpdwlrq Phwkrg

Surgxfwlylw| jurzwk olhv dw wkh khduw ri wkh jurzwk surfhvv dffruglqj wr prvw prghov

ri hfrqrplf jurzwk1 Li pdunhw srzhu dqg hfrqrplhv ri vfdoh duh suhvhqw dv U)G edvhg

prghov ri hfrqrplf jurzwk vxjjhvw/ lw lv ri fuxfldo lpsruwdqfh wr phdvxuh surgxfwlylw|

jurzwk zlwklq d iudphzrun wkdw lv urexvw wr wkh suhvhqfh ri hfrqrplhv ri vfdoh dqg

pdunhw srzhu/ vxfk dv wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp ghvfulehg lq htxdwlrqv

+6155,0+6157,1 Wr frqfhqwudwh rq wkh hpslulfdo lpsruwdqfh ri pdun0xsv dqg hfrqrplhv ri

vfdoh dqg rq wkh lpsolfdwlrqv iru wkh phdvxuhphqw ri surgxfwlylw| jurzwk/ wklv v|vwhp lv

hvwlpdwhg zlwkrxw lqfoxglqj U)G fdslwdo vwrfnv dqg vslooryhu yduldeohv dv d �uvw vwhs1

Lw lv vhqvleoh wr vxvshfw wkdw wkhuh pd| eh lpsruwdqw gl�huhqfhv ehwzhhq/ vd|/ wkh irrg

lqgxvwu| dqg wkh fkhplfdo lqgxvwu| lq hdfk frxqwu|1 Dw wkh vdph wlph/ wkh surgxfwlrq

vwuxfwxuh ri wkh fkhplfdo lqgxvwu| lv yhu| olnho| wr eh vlplodu lq gl�huhqw lqgxvwuldol}hg

frxqwulhv1 Wkhuhiruh/ hdfk lqgxvwu| lv srrohg dfurvv frxqwulhv1 Wkh frvw ixqfwlrq lv wkhq

hvwlpdwhg lqgxvwu| e| lqgxvwu|1 Xqiruwxqdwho|/ frpsohwh gdwd iru doo ri wkh vl{ frxqwulhv

lv dydlodeoh rqo| iru d ihz udwkhu djjuhjdwh lqgxvwulhv1 Wkh frvw ixqfwlrqv iru wkh pruh
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glvdjjuhjdwh lqgxvwulhv duh hvwlpdwhg hdfk zlwk rqo| d vxevhw ri wkh frxqwulhv1

Wkh v|vwhp +6155,0+6157, lv �uvw hvwlpdwhg gluhfwo| zlwk Vhhplqjo| Xquhodwhg Uhjuhv0

vlrqv +VXU,1 Wkh vl}h ri wkh lqgxvwulhv vrphwlphv gl�huv vljql�fdqwo| dfurvv frxqwulhv1

Wr pdnh wkh dvvxpswlrq ri krprvfhgdvwlflw| pruh sodxvleoh wkh idfwruv ri surgxfwlrq

dqg rxwsxw duh qrupdol}hg e| glylglqj wkhp zlwk wkh lqgxvwu|*v vdpsoh dyhudjh ri rxw0

sxw1 Wkh sdudphwhuv wuc wg dqg w� duh vhw htxdo wr wkh dyhudjh ri wkh udwlr ri wkh

fruuhvsrqglqj idfwru wr frvwv1 Uhvxowv duh uhsruwhg lq dsshqgl{ D141

Vlqfh wkh surgxfwlrq ri rxwsxw lv d ixqfwlrq ri fdslwdo/ oderu dqg pdwhuldo lqsxwv/ lw

fdq kdugo| eh uhjdughg dv h{rjhqrxv1 Wkxv dq lqvwuxphqwdo yduldeoh hvwlpdwlrq whfkqltxh

zrxog eh suhihudeoh1 Yduldeohv vxfk dv rxwsxw/ oderu/ fdslwdo dqgpdwhuldo lqsxwv w|slfdoo|

glvsod| vwurqj dxwrfruuhodwlrq1 Wkh vdph jrhv iru wkh sulfh yduldeohv1 Lq wklv vhqvh/

odjjhg dujxphqwv ri wkh frvw ixqfwlrq duh ydolg lqvwuxphqwv1 Krzhyhu/ erwk Gxuelq0

Zdwvrq vwdwlvwlfv uhsruwhg lq dsshqgl{ D14 dqg Omxqj0Er{ T0vwdwlvwlfv +qrw uhsruwhg,

lqglfdwh wkdw wkhuh lv vwurqj dxwrfruuhodwlrq lq wkh uhvlgxdov1 Li rxwsxw lv vxvshfwhg

wr eh fruuhodwhg zlwk frqwhpsrudqhrxv huuru whupv/ zklfk lq wxuq duh dxwrfruuhodwhg/

wkhq wkhuh lv qr uhdvrq wr dvvxph wkdw odjjhg rxwsxw lv xqfruuhodwhg zlwk vxevhtxhqw

huuru whupv1 Wkxv/ vlqfh rqo| edg lqvwuxphqwv duh dydlodeoh/ xqlqvwuxphqwhg hvwlpdwlrq

whfkqltxhv duh suhihuuhg/ dowkrxjk wkh| pd| eh vxemhfw wr dq hqgrjhqrxv yduldeoh eldv1

Wkh dxwrfruuhodwlrq lq wkh uhvlgxdov pd| zhoo eh lqwhusuhwhg dv hylghqfh wkdw wkh

htxloleulxp prgho/ zklfk dvvxphv wkdw doo idfwruv duh dgmxvwhg rswlpdoo| dw doo wlphv/

lv qrw dssursuldwh1 Wkh huuru fruuhfwlrq prgho doorzv iru yhu| jhqhudo r�0htxloleulxp

g|qdplfv1 Dw wkh vdph wlph lw lv vxlwdeoh wr ryhufrph wkh sureohp ri dxwrfruuhodwlrq

lq wkh uhvlgxdov1 Hvwlpdwlrq uhvxowv rewdlqhg zlwk wkh huuru fruuhfwlrq iudphzrun duh

uhsruwhg lq dsshqgl{ D151 Lw lv dvvxphg iru vlpsolflw| wkdw wkh pdwulfhv �%�/ .%� dqg K

lq wkh idfwru ghpdqg v|vwhp +615:, duh gldjrqdo1 Dowkrxjk wklv lv d vwurqj dvvxpswlrq/

lqfoxglqj r�0gldjrqdo hohphqwv lq wkh hvwlpdwlrq xvxdoo| uhvxowv lq lqvljql�fdqw hvwlpdwhv/

vr wkh vlpsoli|lqj dvvxpswlrq vhhpv dssursuldwh1 Wkh ohqjwk ri wkh odj vwuxfwxuh lv

ghflghg e| wkh gdwd lq wkh vhqvh wkdw dgglwlrqdo odjv duh lqfoxghg xqwlo Omxqj0Er{ T0
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Vwdwlvwlfv fdqqrw ghwhfw dq| pruh dxwrfruuhodwlrq lq wkh uhvlgxdov1

Lw vhhpv qdwxudo wr dvvxph wkdw rqfh wkh sureohp ri dxwrfruuhodwlrq lv vroyhg/ lq0

vwuxphqwdo yduldeoh hvwlpdwlrq fdq eh dssolhg1 Krzhyhu/ zlwk wkh huuru fruuhfwlrq irup

lqfoxglqj �uvw gl�huhqfhv ri doo ghshqghqw dqg lqghshqghqw yduldeohv dqrwkhu sureohp

dulvhv1 Zkloh rxwsxw/ lqsxwv dqg sulfhv lq ohyhov duh doo vwurqjo| dxwrfruuhodwhg/ wklv lv

qrw wuxh iru wkh �uvw gl�huhqfhv ri wkhvh yduldeohv1 Wkh fruuhodwlrq ri wkh gl�huhqfhg

yduldeohv zlwk wkhlu rzq odjv duh h{wuhpho| vpdoo/ uhjdugohvv ri zkhwkhu wkh odjv duh lq

gl�huhqfhv ru lq ohyhov1 Wkxv/ dw ohdvw iru wkh gl�huhqfhv lq wkh huuru fruuhfwlrq htxdwlrqv

qr ydolg lqvwuxphqwv duh dydlodeoh1

Dv uhvhdufk rq wkh surshuwlhv ri lqvwuxphqwdo yduldeoh hvwlpdwruv lq vpdoo vdpsoh

vkrzv +Qhovrq ) Vwduw} 4<<3,/ wkh lqvwuxphqwdo yduldeoh eldv pd| lq idfw eh zruvh wkdq

wkh ROV eldv zkhq wkh lqvwuxphqwv duh rqo| zhdno| fruuhodwhg zlwk wkh lqvwuxphqwhg

yduldeohv1 Vwdljhu ) Vwrfn +4<<:, srlqw rxw wkdw wkh lqvwuxphqwdo yduldeoh hvwlpdwru kdv

wr eh wuhdwhg zlwk fdxwlrq zkhq �uvw vwdjh I0vwdwlvwlfv duh ehorz 431 Iru wkh gl�huhqfhg

yduldeohv/ wkh �uvw vwdjh I0vwdwlvwlf lv doprvw lqyduldeo| ehorz 51 Iru wklv uhdvrq/ VXU

lv wkh suhihuuhg hvwlpdwlrq phwkrg iru wkh frvw ixqfwlrq lq wkh huuru fruuhfwlrq irup1

Xqiruwxqdwho|/ wkh hqgrjhqhlw| sureohp uhpdlqv xqvroyhg1 Zkloh pdq| dxwkruv zkr

lqyhvwljdwh g|qdplf idfwru ghpdqg prghov xvh wkuhh0vwdjh ohdvw vtxduhv ru rwkhu lqvwux0

phqwdo yduldeoh phwkrgv/ wkhlu gdwd lv yhu| olnho| vxemhfw wr wkh vdph sureohpv glvfxvvhg

khuh1 Prvw dxwkruv vlpso| gr qrw vhhp wr frqvlghu sureohpv frqfhuqlqj uhvlgxdo dxwr0

fruuhodwlrq dqg wkh ydolglw| ri wkh lqvwuxphqwv wkh| xvh1

Frxqwu|0lqgxvwu| vshfl�f h�hfwv duh fdswxuhg e| hvwlpdwlqj wkh frqvwdqwv ri wkh idf0

wru ghpdqg htxdwlrqv K� c Ku dqg Kg dqg wkh pdun0xs > zlwk lqgxvwu|0frxqwu|0gxpplhv1

Doo rwkhu sdudphwhuv duh dvvxphg wr eh wkh vdph dfurvv lqgxvwulhv lq gl�huhqw frxqwulhv1

Iru vrph lqgxvwulhv wkh hvwlpdwlrq lq ohyhov lpso| d Khvvldq pdwul{/ 77c wkdw kdv rqh

hljhqydoxh voljkwo| odujhu wkdq }hur/ wkxv ylrodwlqj uhjxodulw| frqglwlrqv1 Krzhyhu/ lp0

srvlqj frqfdylw| fkdqjhv sdudphwhu hvwlpdwhv rqo| yhu| olwwoh1 Lw lv qrw whvwhg zkhwkhu

wkh srvlwlyh hljhqydoxhv duh vljql�fdqw/ ehfdxvh wkh sureohp glvdsshduv frpsohwho| zkhq
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wkh huuru fruuhfwlrq vshfl�fdwlrq lv dssolhg1 Dffrxqwlqj iru vkruw0uxq ghyldwlrqv iurp

htxloleulxp uhvxowv lq hvwlpdwhv zklfk lpso| d frqfdyh frvw ixqfwlrq zlwkrxw dq| h{fhs0

wlrq1 Lw lv wkxv frqfoxghg wkdw wkh srvlwlyh hljhqydoxhv lpsolhg e| vrph ri wkh gluhfw

hvwlpdwhv/ li dq|wklqj/ duh d uhvxow ri vshfl�fdwlrq huuru1 Lq zkdw iroorzv/ wkh glvfxvvlrq

lv edvhg vroho| rq uhvxowv rewdlqhg zlwk wkh huuru fruuhfwlrq irup1 Krzhyhu/ lw vkrxog eh

qrwhg wkdw wkh vlplodulw| ri wkh gluhfw dqg wkh huuru fruuhfwlrq hvwlpdwhv xqghuolqhv wkh

urexvwqhvv ri wkh uhvxowv1

Dowkrxjk Gxuelq0Zdwvrq vwdwlvwlfv duh uhsruwhg lq wkh wdeohv/ wkh| duh qrw ydolg whvw0

vwdwlvwlfv zkhq odjjhg ghshqghqw yduldeohv hqwhu wkh hvwlpdwlrq htxdwlrq1 Wkhuhiruh/

Omxqj0Er{ T0vwdwlvwlfv duh xvhg wr ghflgh krz pdq| odjv kdyh wr eh lqfoxghg wr uhpryh

wkh dxwrfruuhodwlrq vwuxfwxuh lq wkh uhvlgxdov1 Lw lv lqwhuhvwlqj wr qrwh wkdw zkloh iru

wkh pdwhuldo lqsxwv ghpdqg rqh odj lv riwhq hqrxjk/ lw lv qrw uduh wkdw xs wr wkuhh odjv

kdyh wr eh lqfoxghg lq wkh fdslwdo lqsxwv htxdwlrq wr rewdlq uhvlgxdov wkdw orrn olnh

zklwh qrlvh1 Wklv vxssruwv wkh ylhz wkdw pdwhuldo lqsxwv fdq eh dgmxvwhg udwkhu txlfno|/

zkloh dgmxvwphqw frvwv iru fdslwdo vhhp wr eh kljk dqg wkxv dgmxvwphqw wr fkdqjhv lq

h{rjhqrxv yduldeohv lv vorz1 Wkh oderu ghpdqg htxdwlrq dovr uhtxluhv d qxpehu ri odjv

lq prvw fdvhv1 Wklv vxjjhvwv wkdw wkh frpprq vshfl�fdwlrq lq g|qdplf idfwru ghpdqg

prghov/ zkhuh fdslwdo lv dvvxphg wr eh txdvl0�{/ exw oderu dqg pdwhuldo lqsxwv duh

yduldeoh/ pd| qrw eh dghtxdwh1 Wkh jhqhudolw| ri wkh huuru fruuhfwlrq prgho/ zklfk doorzv

iru vkruw0uxq ghyldwlrqv iurp htxloleulxp iru doo idfwruv ri surgxfwlrq/ wkxv dsshduv dv

d gh�qlwh dgydqwdjh ryhu g|qdplf idfwru ghpdqg prghov/ zkhuh wkh uhvhdufkhu kdv wr

ghflgh ehiruhkdqg zklfk idfwruv ri surgxfwlrq duh yduldeoh dqg zklfk duh qrw1

Wr whvw zkhwkhu xqlw urrwv lq wkh gdwd pd| fdxvh sureohpv/ Lp/ Shvdudq ) Vklq*v

+4<<8, whvw iru khwhurjhqrxv sdqhov lv dssolhg wr wkh yduldeohv hqwhulqj wkh frvw ixqfwlrq1

Wklv whvw lv edvhg rq wkh w0vwdwlvwlf ri Glfnh|0Ixoohu whvwv dyhudjhg ryhu doo furvv vhfwlrqv1

Lp hw do1 +4<<8, vkrz wkdw wkhlu sdqho xqlw urrw whvw vxevwdqwldoo| lqfuhdvhv wkh srzhu ri

wkh frqyhqwlrqdo Glfnh|0Ixoohu whvw/ zkloh doorzlqj iru khwhurjhqhlw| lq wkdw wkh hvwlpdwhg

frh!flhqwv dv zhoo dv uhvlgxdo vhuldo fruuhodwlrq duh doorzhg wr gl�hu dfurvv jurxsv1 Wkh
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whvw lv frqgxfwhg zlwk d sdqho lqfoxglqj doo ri wkh 89 furvv0vhfwlrqv +45 lqgxvwulhv zlwk

d gl�hulqj qxpehu ri frxqwulhv xs wr 9, iru zklfk gdwd lv frpsohwh1 Wr wdnh dffrxqw ri

dxwrfruuhodwlrq lq wkh uhvlgxdov dxjphqwhg Glfnh|0Ixoohu whvwv zlwk rqh odjjhg gl�huhqfh

duh shuiruphg iru hdfk yduldeoh lq ohyhov1 Vlqfh doo yduldeohv duh wuhqglqj d wuhqg whup

lv lqfoxghg lq doo ri wkh uhjuhvvlrqv1 Wkh w0edu vwdwlvwlfv duh uhsruwhg lq Wdeoh 714 Wkh

Wdeoh 714= Lp0Shvdudq0Vklq0Whvw iru d Xqlw Urrw lq Khwhurjhqhrxv Sdqhov

g u � t �u �g �� �t

061675WW 051;4WW 0517:WW 05177W 05134 0514; 051<<WW 0519<WW

Wdeoh vkrzv dyhudjh W0Vwdwlvwlf ri dq Dxjphqwhg Glfnh|0Ixoohu Whvw zlwk 4 Odj

Fulwlfdo Ydoxhv +Lp hw do1 +4<<8,/ Wdeoh 7,= 05179 +4(,> 0516; +8(,> �5166 +43(,
WWQxoo K|srwkhvlv ri d Xqlw Urrw fdq eh uhmhfwhg dw d 4( Ohyho ri Vljql�fdqfh
WQxoo K|srwkhvlv ri d Xqlw Urrw fdq eh uhmhfwhg dw d 8( Ohyho ri Vljql�fdqfh

fulwlfdo ydoxhv iru wkh w0edu vwdwlvwlfv frqwdlqlqj d wuhqg zlwk 53 wlph shulrgv dqg 83

furvv vhfwlrqv uhsruwhg lq Lp hw do1*v +4<<8, Wdeoh 7 duh 05179 +4(,/ 0516; +8(, dqg 05166

+43(,1 Wklv vhwxs lv forvhvw wr wkh sdqho lqyhvwljdwhg lq wklv vwxg| zlwk 89 furvv vhfwlrqv

dqg 4< wlph shulrgv1 Dv fdq eh vhhq lq Wdeoh 714/ wkh qxoo k|srwkhvlv wkdw doo furvv

vhfwlrqv frqwdlq d xqlw urrw fdq eh uhmhfwhg dw d 4( ohyho ri vljql�fdqfh iru doo yduldeohv

exw wkh zdjh udwh dqg wkh xvhu frvw ri fdslwdo1 Iru wkh odwwhu wzr yduldeohv wkh qxoo

k|srwkhvlv fdqqrw eh uhmhfwhg hyhq dw d 43( ohyho ri vljql�fdqfh1 Krzhyhu/ Lp hw do1*v

+4<<8, Prqwh Fduor vlpxodwlrqv uhyhdo wkdw wkh srzhu ri wkhlu whvw/ dowkrxjk kljkhu wkdq

iru wkh Glfnh|0Ixoohu whvw iru vlqjoh wlphv vhulhv/ lv yhu| orz hvshfldoo| zlwk vkruw sdqhov

dv wkh rqh lqyhvwljdwhg lq wklv vwxg|1 Zkloh wkh srvvlelolw| wkdw vrph ri wkh yduldeohv

pd| frqwdlq d xqlw urrw fdqqrw eh frpsohwho| glvplvvhg/ lw pd| mxvw dv zhoo eh wkh fdvh

wkdw doo ri wkh yduldeohv duh wuhqg vwdwlrqdu|1 Wkh vwdwlvwlfdo wrrov dydlodeoh dw suhvhqw

wr whvw iru xqlw urrwv lq vkruw sdqhov gr qrw vhhp wr eh srzhuixo hqrxjk wr gudz dq|

xqhtxlyrfdo frqfoxvlrqv1

Vlqfh wkh srvvlelolw| ri xqlw urrwv jryhuqlqj wkh wlph vhulhv surshuwlhv ri vrph ri wkh

yduldeohv fdqqrw eh frpsohwho| glvplvvhg/ lw lv xvhixo wr wdnh d orrn dw wkh huuru fruuhfwlrqv

whupv zklfk duh doo vljql�fdqwo| qhjdwlyh dqg wkxv lqglfdwh uhyhuvlrq wr htxloleulxp1
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Lqghhg/ wkh pdmrulw| ri huuru fruuhfwlrq whupv duh vljql�fdqw hqrxjk wr sdvv wkh Edqhumhh/

Grodgr ) Phvwuh +4<<9, whvw iru frlqwhjudwlrq1 Wklv fdqqrw eh ylhzhg dv dq h{dfw

frlqwhjudwlrq whvw iru wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp hvwlpdwhg lq wklv

vwxg|/ ehfdxvh lw lv ghvljqhg iru vlqjoh0htxdwlrq iudphzrunv zlwkrxw wkh frpsolfdwhg

pxowlsolfdwlyh whupv ri lqghshqghqw yduldeohv zklfk dsshdu lq frvw ixqfwlrqv ri wkh  h{leoh

ixqfwlrqdo irup1 Qhyhuwkhohvv/ wkh whvw fdq vhuyh dv d jxlgholqh wr mxgjh zkhwkhu wkh

hvwlpdwhg frvw dqg idfwru ghpdqg ixqfwlrqv fdq eh ylhzhg dv frlqwhjudwlqj uhodwlrqvklsv

vkrxog vrph ri wkh yduldeohv eh qrq0vwdwlrqdu|1

Wdeoh 715= W0Vwdwlvwlfv ri wkh Huuru Fruuhfwlrq Whupv
Lqgxvwu| Frvw Oderu Fdslwdo Pdw1 Lqsxwv1 Sulfh

Irrg 061::8 081<36 061865 091735 081736

Wh{wlohv 06196< 0:1855 07143: 08154; 0615:3

Zrrg 06195; 061<49 061:<: 0519:7 081<9:

Sxeolvklqj 07164: 0714<8 061399 0714;; 091949

Fkhplfdov 091<67 071959 071388 0;174; 071863

Uxeehu 09187: 0:19:5 08156< 0:15<: 06196;

Plqhudo Surg1 05177; 0:1:;< 08143; 061498 071:<;

Phwdov 071;<9 0918;6 071:46 061;:7 081<<4

Pdfklqhu| 071<68 091;93 081647 081<86 041795

Hohfw1 ) Rsw Ht1 091377 0:1:4; 061477 081538 081<<6

Wudqvsruw 081446 09157; 071688 09158; 061<5;

Pdq1/ Q1H1F1 0<17;< 0431793 071:9; 0441544 05159<

W0vwdwlvwlf ri wkh HF0 whup iru wkh Frvw Ixqfwlrq/

wkh Idfwru Ghpdqgv dqg wkh Sulfh Htxdwlrq

Wkh whvw lv edvhg rq wkh frqyhqwlrqdo w0vwdwlvwlfv iru wkh huuru fruuhfwlrq whup1 Li lw lv

odujh hqrxjk lq devroxwh ydoxh/ wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq fdq eh uhmhfwhg1

Wkh fulwlfdo ydoxhv iru d vdpsoh vl}h ri �iw| zlwk �yh lqghshqghqw yduldeohv duh 0719

iru wkh 8( vljql�fdqfh ohyho/ 0714< iru wkh 43( vljql�fdqfh ohyho dqg 06186 iru wkh 58(

vljql�fdqfh ohyho1 Xqiruwxqdwho|/ fulwlfdo ydoxhv iru hvwlpdwlrq htxdwlrqv lqyroylqj pruh

wkdq �yh lqghshqghqw yduldeohv duh qrw uhsruwhg lq Edqhumhh hw do1*v +4<<9, sdshu1 Wkh

w0vwdwlvwlfv iru wkh huuru fruuhfwlrq whupv ri wkh hvwlpdwhg frvw/ idfwru ghpdqg dqg sulfh

ixqfwlrqv duh uhsruwhg lq Wdeoh 7151 Wkh pdmrulw| ri wkh vwdwlvwlfv h{fhhg wkh 8(0fulwlfdo
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ydoxh1 Lq prvw lqgxvwulhv wkh huuru fruuhfwlrq whup iru rqh ri wkh htxdwlrqv 0 lq vrph

fdvhv iru wzr 0 lv qrw vljql�fdqw hqrxjk wr uhmhfw wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq

dw d 43( vljql�fdqfh ohyho1 Krzhyhu/ wkh w0vwdwlvwlfv ri wkh uhpdlqlqj huuru fruuhfwlrq

whupv riwhq h{fhhg wkh 80shufhqw fulwlfdo ydoxh e| idu1 Vlqfh doo ri wkh htxdwlrqv lq wkh

idfwru ghpdqg v|vwhp duh ghulyhg iurp wkh vdph frvw ixqfwlrq/ lw lv fhuwdlqo| shuplvvleoh

wr dujxh wkdw li vwdwlvwlfdo whvwv vxjjhvw wkdw wkh pdmrulw| ri wkh htxdwlrqv lq wkh v|vwhp

duh frlqwhjudwlqj uhodwlrqvklsv/ lw iroorzv iurp wkhru| wkdw doo htxdwlrqv lq wkh v|vwhp

pxvw eh frlqwhjudwlqj uhodwlrqvklsv1 Wkh rqo| lqgxvwu| zklfk orrnv fulwlfdo lv wkh zrrg

lqgxvwu|/ zkhuh irxu rxw ri �yh huuru fruuhfwlrq whupv duh qrw vljql�fdqw hqrxjk wr uhmhfw

wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq1 Djdlq lw kdv wr eh nhsw lq plqg wkdw wklv whvw dv

zhoo kdv orz srzhu djdlqvw wkh dowhuqdwlyh1

Vlqfh wkh PfIdgghq irup lv d vhfrqg rughu dssur{lpdwlrq wr d frpsohwho| jhqhudo

frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp/ wkhru| fohduo| lpsolhv wkdw lw vkrxog eh srvvleoh

wr �w wkh gdwd wr vxfk d v|vwhp1 Zkloh lw zrxog eh hdvlhu wr dqdo|}h xqlw urrw dqg

frlqwhjudwlrq sureohpv zlwk d vlpsohu ixqfwlrqdo irup/ lw lv kljko| txhvwlrqdeoh edvhg rq

vwdwlvwlfdo whvwv zkhwkhu xqlw urrwv duh suhvhqw dw doo1 Pruhryhu/ wkh dydlodeoh vwdwlvwlfdo

hylghqfh srlqwv wrzdugv xqlw urrw sureohpv ehlqj xqghu frqwuro/ vkrxog wkh| eh suhvhqw dw

doo1 Wkh frvw ixqfwlrq iudphzrun hpsor|hg lq wklv vwxg| kdv pdq| dgydqwdjhv/ lqfoxglqj

lwv jhqhudolw| dqg wkh srvvlelolw| wr dffrpprgdwh ydu|lqj fdsdflw| xwlol}dwlrq1 Vlqfh lw lv

h{wuhpho| kdug wr dqdo|}h xqlw urrwv lq vkruw sdqhov lq dq| fdvh/ hfrqrplf wkhru| vkrxog

eh hpskdvl}hg pruh vwurqjo| dv d edvlv iru wkh dqdo|vlv wkdq xqlw urrw hfrqrphwulfv1

Wkhuhiruh/ wkh dgydqwdjhv ri wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp duh ghhphg

pruh lpsruwdqw wkdq wkh glvdgydqwdjh wkdw xqlw urrw sureohpv duh sduwlfxoduo| gl!fxow

wr kdqgoh lq wklv iudphzrun/ vkrxog wkh| eh suhvhqw1
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715 Surgxfwlylw| Jurzwk

Lq wkh pdmrulw| ri jurzwk prghov glvfxvvhg lq fkdswhu 5/ whfkqrorjlfdo fkdqjh lv wkh

gulylqj irufh ri hfrqrplf jurzwk1 Wkhuhiruh/ lw lv xvhixo wr vwduw wkh lqyhvwljdwlrq wdnlqj

d orrn dw wkh surgxfwlylw| jurzwk phdvxuh ghulyhg iurp wkh frvw ixqfwlrq hvwlpdwlrq1 Lw

lv sduwlfxoduo| lqwhuhvwlqj wr frpsduh wklv phdvxuh zlwk wkh Vrorz uhvlgxdo/ ehfdxvh wklv

lv d �uvw vwhsslqj vwrqh wr glvwlqjxlvk zkhwkhu hqgrjhqrxv wkhru| lv ehwwhu vxssruwhg

e| wkh gdwd wkdq wkh qhrfodvvlfdo wkhru|1 Wkh Vrorz uhvlgxdo lv eldvhg xszdugv dv d

surgxfwlylw| jurzwk phdvxuh/ li hfrqrplhv ri vfdoh dqg2ru pdunhw srzhu duh suhvhqw

Wkhuhiruh/ wkh gxdo phdvxuh/ zklfk grhv qrw klqjh rq wkh dvvxpswlrqv ri frpshwlwlyh

pdunhwv dqg frqvwdqw uhwxuqv wr vfdoh/ vkrxog eh v|vwhpdwlfdoo| vpdoohu wkdq wkh Vrorz

uhvlgxdo/ li hqgrjhqrxv jurzwk wkhru| lv uhohydqw1 Lq frqwudvw/ wkh sulpdo dqg gxdo

phdvxuh ri surgxfwlylw| jurzwk vkrxog eh htxdo li wkh qhrfodvvlfdo prgho h{sodlqv wkh

jurzwk surfhvv zhoo1

Wkh dyhudjh surgxfwlylw| jurzwk dv hvwlpdwhg e| wkh frvw hodvwlflw| zlwk uhvshfw wr wkh

wuhqg whup lv qhjdwlyh lq �yh lqgxvwulhv dv fdq eh yhul�hg lq Wdeoh 7161 Vwdqgdug huuruv

ri wkh hodvwlflw| frpsxwhg zlwk wkh ghowd phwkrg +Juhhqh +4<<:,/ fkdswhu 9, lqglfdwh

wkdw wklv lv vljql�fdqw/ lpso|lqj wkh suhvhqfh ri whfkqrorjlfdo uhjuhvv/ zklfk lv fhuwdlqo|

kdug wr lqwhusuhw hfrqrplfdoo|1 Surgxfwlylw| jurzwk lv lqglvwlqjxlvkdeoh iurp }hur lq wkh

qrq0phwdoolf plqhudo surgxfwv lqgxvwu|1 Rqo| lq wkh hohfwulfdo dqg rswlfdo htxlsphqw

lqgxvwu| lv lw dv kljk dv 4( shu dqqxp1 Vljql�fdqwo| srvlwlyh surgxfwlylw| jurzwk fdq eh

irxqg rqo| lq wklv lqgxvwu|/ lq edvlf dqg ideulfdwhg phwdov dqg lq wkh wh{wlohv lqgxvwu|1

Krzhyhu/ lq prvw lqgxvwulhv d pdmrulw| ri wkh sdudphwhuv dvvrfldwhg zlwk wkh wuhqg

whup lv lqvljql�fdqw dv fdq eh yhul�hg lq dsshqgl{ D151 Wklv krogv hvshfldoo| iru wkh

vtxduhg wuhqg whup/ zklfk lv h{wuhpho| vpdoo lq doo lqgxvwulhv dqg lq prvw fdvhv lqvljqli0

lfdqw1 Wkh hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu| lv wkh rqo| fdvh/ zkhuh doo wkh wuhqg

sdudphwhuv duh vljql�fdqw1 Zkloh lw lv d sulrul ghvludeoh wr fkrvh d yhu| jhqhudo vshfl�0

fdwlrq ri surgxfwlylw| jurzwk dv lq wkh frvw ixqfwlrq +6155,/ wkh lqvljql�fdqfh ri pdq|

ri wkh wuhqg0whup sdudphwhuv vxjjhvwv wkdw dq hdvlhu vshfl�fdwlrq pd| eh suhihudeoh1
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Wdeoh 716= Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Ioh{leoh Vshfl�fdwlrq

Lqgxvwu| XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Irrg 03185 03178 0318 0317< 03193 03185

+3148, +3147, +3149, +3147, +314:, +3148,

Wh{wlohv 319; 3198 0 3196 319; 3196

+3144, +3144, 0 +3144, +3145, +3144,

Zrrg 0 03184 0 03184 0318: 0

0 +314:, 0 +314;, +314<,

Sxeolvklqj 0 031<8 0 04139 04155 04145

0 +3168, 0 +3165, +316:, +3165,

Fkhplfdov 313: 3144 0 313: 31334 0

+3146, +3145, 0 +3145, +3148, 0

Sodvwlfv 0316; 03165 0 03178 03186 0

+3147, +3148, 0 +3149, +314;, 0

Plqhudo Surg1 3137 3135 0 3134 3136 0

+3147, +3146, 0 +3148, +3149, 0

Phwdov 3169 3168 315< 3166 316; 31367

+3145, +3145, +3145, +3145, +31379, +31345,

Pdfklqhu| 0 3166 3166 3169 317: 316:

0 +3153, +3154, +3156, +3157, +3155,

Hohfw1) Rsw Ht1 0 4134 4133 4133 4145 31<9

0 +3154, +3155, +3154, +3156, +3165,

Wudqvsruw 3143 3143 3143 3146 314< 3147

+314:, +3149, +3149, +314:, +3138, +314;,

Pdq1 Q1H1F1 0 03164 0 03179 0319< 03197

0 +3144, +3146, +3149, +3148,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Wkhuhiruh/ wkh frvw ixqfwlrq lv uhhvwlpdwhg vhwwlqj doo wuhqg sdudphwhuv exw K| wr }hur1

Wklv lv grqh iru doo lqgxvwulhv exw hohfwulfdo dqg rswlfdo htxlsphqw/ zkhuh wkh  h{leoh

vshfl�fdwlrq ri surgxfwlylw| jurzwk vhhpv wr eh dssursuldwh1 Wkh uhvxowlqj hvwlpdwh ri

surgxfwlylw| jurzwk lv suhvhqwhg lq Wdeoh 7171 Uhvxowv vhhp d orw pruh frqylqflqj wkdq

zlwk wkh  h{leoh vshfl�fdwlrq1 Zkloh wkh hvwlpdwhv duh vwloo zhoo ehorz 4 shufhqw lq doo ri

wkh lqyhvwljdwhg lqgxvwulhv/ wkh| duh qrz vljql�fdqw lq doprvw doo ri wkh lqgxvwulhv zkhuh

wkh hvwlpdwh ri dyhudjh surgxfwlylw| jurzwk lv srvlwlyh1 Rqo| lq wkh irrg lqgxvwu| lv wkh

hvwlpdwh vwloo vljql�fdqwo| qhjdwlyh1 Wkh qhjdwlyh hvwlpdwh lq wkh zrrg dqg wkh sdshu

dqg sxeolvklqj lqgxvwu| lv qrz lqvljql�fdqw/ zkloh hvwlpdwhg surgxfwlylw| jurzwk hyhq
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ehfrphv vljql�fdqwo| srvlwlyh lq pdqxidfwxulqj q1h1f1

Wdeoh 717= Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Vlpsoh Vshfl�fdwlrq LWW

Lqgxvwu| XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Irrg 03156 03155 03158 03155 03157 03155

+3144, +3144, +3145, +3144, +3145, +3144,

Wh{wlohvn 319; 3198 0 3197 3199 3196

+313<, +313<, 0 +313<, +313<, +313<,

Zrrg 0 0313; 0 0313< 0313< 0

0 +3149, 0 +314;, +314;, 0

Sxeolvklqj 0 03153 0 03154 03155 03153

0 +3164, 0 +3165, +3166, +3164,

Fkhplfdov 3176 3173 0 3173 3178 0

+3144, +31<<, 0 +313<, +3144, 0

Plqhudo Surg1 3165 315< 0 3165 3167 3165

+3149, +3147, 0 +3149, +314:, +3149,
Phwdov 3154 3154 3153 3154 3155 3155

+313<, +313<, +313<, +313<, +313<, +313<,

Pdfklqhu| 0 3164 3166 3167 3168 3165

0 +3153, +3154, +3155, +3155, +3154,

Wudqvsruw 315; 315: 3159 315; 3163 315<

+314:, +3149, +3149, +314:, +314;, +314;,

Pdq Q1H1F1 0 3159 0 315: 315< 3164

0 +3145, 0 +3145, +3146, +3147,
WWRqo| e| phdvxuhv wkh lpsdfw ri wkh wuhqg whup

EVwdqgdug Huuruv lq Sduhqwkhvhv,
nKu| qrw vhw wr }hur

Uhvxowv duh qrw uhsruwhg iru wkh uxeehu dqg sodvwlfv surgxfw lqgxvwu|/ dv wkh vlpsoh

vshfl�fdwlrq uhvxowv lq d ylrodwlrq ri frqfdylw| frqglwlrqv1 Wklv dovr krogv iru wkh wh{wlohv

lqgxvwu|1 Lq wklv fdvh/ lw lv hqrxjk wr doorz qrw rqo| K| exw dovr Ku| wr eh gl�huhqw iurp

}hur wr rewdlq hvwlpdwhv wkdw frpso| zlwk uhjxodulw| uhvwulfwlrqv1 Dv fdq eh yhul�hg lq

dsshqgl{ D15/ wklv lv wkh rqo| wuhqg whup sdudphwhu wkdw lv vljql�fdqw lq wkh frvw ixqfwlrq

hvwlpdwlrq zlwk wkh  h{leoh vshfl�fdwlrq ri surgxfwlylw| jurzwk1 Erwk K| dqg Ku| duh

vljql�fdqwo| qhjdwlyh/ zkhq doo wkh rwkhu lqvljql�fdqw wuhqg whup sdudphwhuv duh vhw wr

}hur1 Wkhuhiruh/ wklv vhhpv wr eh dq dssursuldwh vshfl�fdwlrq iru wkh wh{wlohv lqgxvwu|1

Lqghhg/ frpsdulqj Wdeohv 716 dqg 717 lw wxuqv rxw wkdw wkh surgxfwlylw| hvwlpdwh kdugo|

:<



fkdqjhv zkhq wkh lqvljql�fdqw wuhqg whup sdudphwhuv duh vhw wr }hur1

Iru d qxpehu ri lqgxvwulhv/ Wdeoh 718 uhsruwv dyhudjh surgxfwlylw| jurzwk hvwlpdwhv

rewdlqhg zlwk d vshfl�fdwlrq zkhuh Ku|c K�| dqg Kg| duh hvwlpdwhg/ zkloh K| lv vhw wr

}hur1 Wklv lv ghhphg vxlwdeoh dv dq dowhuqdwlyh vshfl�fdwlrq iru wkrvh lqgxvwulhv zkhuh

K| lv lqvljql�fdqw/ zkloh Ku|c K�| dqg Kg| ru dw ohdvw wzr ri wkhp duh vljql�fdqw lq wkh

hvwlpdwlrq zlwk wkh ixoo|  h{leoh wuhqg whup vshfl�fdwlrq1

Wkh hvwlpdwhg surgxfwlylw| jurzwk iru wkh pdfklqhu| lqgxvwu| lv voljkwo| orzhu wkdq

ehiruh/ exw lw lv hvwlpdwhg pruh dffxudwho|/ vwdqgdug huuruv ehlqj orzhu wkdq lq wkh

vshfl�fdwlrq lq zklfk rqo| K| phdvxuhv wkh lq xhqfh ri wkh wuhqg whup1 Lq wkh edvlf dqg

ideulfdwhg phwdo lqgxvwu|/ qhlwkhu wkh vl}h ri wkh hvwlpdwh qru wkh vwdqgdug huuruv fkdqjh

pxfk1 Lq wkh wudqvsruw htxlsphqw lqgxvwu|/ wkh hvwlpdwh ri wkh dyhudjh surgxfwlylw|

jurzwk lv qhjdwlyh zlwk wklv dowhuqdwlyh vshfl�fdwlrq/ dowkrxjk lqvljql�fdqw1 Lq doo ri wkhvh

lqgxvwulhv/ Ku|c Kg| dqg K�| duh vljql�fdqw zlwkrxw h{fhswlrq1 Kg| lv eduho| vljql�fdqw dw

d 43(0shufhqw vljql�fdqfh ohyho/ exw lw lv lqfoxghg lq wkh hvwlpdwlrq iru wkh sdshu dqg

sxeolvklqj lqgxvwu|1 Lq frqwudvw/ rqo| K�| dqg Kg| duh vljql�fdqw lq wkh hvwlpdwlrq iru

wkh zrrg dqg wkh fkhplfdo lqgxvwu|/ vr Ku| lv vhw wr }hur1

Zlwk wkh dowhuqdwlyh vlpsoh wuhqg whup vshfl�fdwlrq/ wkh hvwlpdwhg surgxfwlylw|

jurzwk lv orzhu exw vwloo vljql�fdqwo| srvlwlyh iru wkh fkhplfdo lqgxvwu|1 Xqiruwxqdwho|/

lw lv djdlq vljql�fdqwo| qhjdwlyh iru wkh zrrg lqgxvwu| dqg wkh sdshu dqg sxeolvklqj

lqgxvwu| lq doo frxqwulhv1 Hvwlpdwhv duh qrw uhsruwhg iru lqgxvwulhv/ zkhuh rqo| rqh rxw

ri wkh wkuhh uhpdlqlqj wuhqg whup sdudphwhuv lv vljql�fdqw +irrg dqg rwkhu qrq0phwdoolf

plqhudo surgxfwv,/ ru zkhuh wklv vshfl�fdwlrq uhvxowv lq hvwlpdwhv zklfk gr qr frpso|

zlwk frqfdylw| uhvwulfwlrqv +pdqxidfwxulqj lqgxvwulhv q1h1f1,1

Erwk ri wkh wzr vlpsohu vshfl�fdwlrqv ri wkh wuhqg whup |lhog vljql�fdqwo| srvlwlyh

hvwlpdwhv iru doo lqgxvwulhv iru zklfk wkh surgxfwlylw| jurzwk hvwlpdwh lv srvlwlyh exw

lqvljql�fdqw zlwk wkh  h{leoh vshfl�fdwlrq1 \hw/ wkh �qglqj ri whfkqrorjlfdo uhjuhvv fdq0

qrw eh frpsohwho| glvplvvhg iru wkh �yh lqgxvwulhv/ zklfk glvsod| vljql�fdqwo| qhjdwlyh

surgxfwlylw| jurzwk lq wkh hvwlpdwlrq zlwk wkh ixoo|  h{leoh wuhqg whup vshfl�fdwlrq1
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Wdeoh 718= Dyhudjh Surgxfwlylw| Jurzwk> 4<;304<<;> Vlpsoh Vshfl�fdwlrq LLWW

Lqgxvwu|n XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Zrrg 0 03179 0 03177 03185 0

0 +3144, 0 +3145, +3146, 0

Sxeolvklqj 0 03163 0 03169 03167 03173

0 +3146, 0 +3145, +3148, +3146,

Fkhplfdov 314: 314: 0 3148 314: 0

+3133:, +31339, 0 +31339, +3133:, 0

Sodvwlfv 03146 03134 0 0314; 03148 0

+313<, +3143, 0 +3143, +3143, 0

Phwdov 315< 315: 3154 3158 3163 3159

+3138, +313:, +3139, +313:, +313:, +313:,

Pdfklqhu| 0 3164 315: 315< 3168 315;

0 +3146, +3147, +3148, +3147, +3147,

Wudqvsruw 03149 03144 03148 03146 03148 03149

+3143, +3143, +3143, +3143, +3144, +3143,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
WWRqo| Ku|c K�| dqg Kg| phdvxuh wkh lpsdfw ri wkh wuhqg whup

Uhvxowv duh pl{hg iru wkh zrrg dqg wkh sdshu dqg sxeolvklqj lqgxvwulhv/ dv wkh qhjdwlyh

hvwlpdwh lv lqvljql�fdqw lq wkh �uvw vshfl�fdwlrq zlwk rqo| K|c exw vljql�fdqw zlwk wkh

dowhuqdwlyh vlpsoh vshfl�fdwlrq1

Zkloh d qhjdwlyh hvwlpdwh ri surgxfwlylw| jurzwk lv e| qr phdqv xqfrpprq lq frvw

ixqfwlrq hvwlpdwlrqv +vhh iru h{dpsoh Nzrq ) Sdun +4<<8,,/ lw lv fhuwdlqo| kdug wr lq0

whusuhw1 Rqh h{sodqdwlrq frxog eh wkdw wkh oderu/ fdslwdo dqg pdwhuldo lqsxwv yduldeohv

lqfoxgh U)G h{shqglwxuhv lq wklv glvvhuwdwlrq dv zhoo dv lq pdq| rwkhu vwxglhv1 Sur0

gxfwlylw| jurzwk lv htxlydohqw wr grzqzdug vkliwv ri wkh frvw ixqfwlrq1 Fohduo|/ lw zrxog

eh ghvludeoh wr phdvxuh grzqzdug vkliwv ri 0 qrq0U)G 0 surgxfwlrq frvwv/ zklfk U)G

edvhg jurzwk wkhrulhv zrxog dwwulexwh wr whfkqrorjlfdo fkdqjh gxh wr lqqrydwlrqv1 U)G

h{shqglwxuhv vkrxog qrw eh lqfoxghg lq wkh phdvxuh ri surgxfwlrq frvwv/ ehfdxvh wkh|

duh lqyhvwphqwv lq whfkqrorjlfdo fkdqjh udwkhu wkdq wkh uhvxow ri lw dffruglqj wr wkhvh

wkhrulhv1 \hw/ surgxfwlrq frvwv gr lqfoxgh U)G h{shqglwxuhv ehfdxvh ri gdwd olplwdwlrqv1

Wkxv wkh grzqzdug vkliwv ri wkh frvw ixqfwlrq phdvxuhg e| wkh wuhqg whup lv yhu| olnho|

wr xqghuvwdwh whfkqrorjlfdo fkdqjh lq wkh surgxfwlrq ri pdqxidfwxulqj rxwsxw/ ehfdxvh
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lqfuhdvhg U)G h�ruw ri frxuvh udlvhv U)G frvwv/ hyhq li lw uhvxowv lq orzhu surgxfwlrq

frvwv gxh wr vxffhvvixo lqqrydwlrqv1

Udwkhu wkdq lqwhusuhwlqj wkh qhjdwlyh surgxfwlylw| jurzwk hvwlpdwhv iru vrph lqgxv0

wulhv dv whfkqrorjlfdo uhjuhvv/ lw vhhpv pruh frqylqflqj wr frqfoxgh wkdw whfkqrorjlfdo

surjuhvv dv d uhvxow ri U)G dfwlylw| lq wkhvh lqgxvwulhv lv yhu| vpdoo1 Lq idfw/ qr U)G

yduldeoh kdv d vljql�fdqw lpsdfw rq wkh frvwv ri surgxfwlrq lq wkh irrg/ zrrg ru sd0

shu dqg sxeolvklqj lqgxvwu|/ dv zloo eh glvfxvvhg lq wkh qh{w fkdswhu1 Wkh vdph krogv

iru pdqxidfwxulqj q1h1f11 Lq wkh uxeehu dqg sodvwlfv lqgxvwu| rqo| vrph lqwhuqdwlrqdo

lqwud0lqgxvwu| nqrzohgjh vslooryhuv fdq eh irxqg1 Gxh wr grxeoh frxqwlqj/ wkh vpdoo

surgxfwlylw| jdlqv wkdw pd| eh wkhuh duh suredeo| xqghuhvwlpdwhg1 Rq wrs ri wklv/ wkhuh

pd| eh d ghwhulrudwlrq ri iudphzrun frqglwlrqv lq wkhvh lqgxvwulhv zklfk frpshqvdwhv

dq| whfkqrorjlfdo fkdqjh gxh wr lqqrydwlrqv wkdw pd| eh suhvhqw1

Lw fhuwdlqo| vhhpv xvhixo wr jlyh xs vrph  h{lelolw| frqfhuqlqj wkh surgxfwlylw| jurzwk

vshfl�fdwlrq1 Zlwk wkh h{fhswlrq ri wkh hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu|/ zkhuh

wkh  h{leoh vshfl�fdwlrq vhhpv wr zrun zhoo/ rqo| d ihz ri wkh wuhqg whup sdudphwhuv duh

vljql�fdqw lq doo ri wkh lqyhvwljdwhg lqgxvwulhv1 Lq zkdw iroorzv/ wkh suhvhqwhg uhvxowv duh

edvhg rq wkh hvwlpdwlrq zlwk wkh ixoo|  h{leoh vshfl�fdwlrq ri wkh wuhqg whup rqo| iru

hohfwulfdo dqg rswlfdo htxlsphqw1 Lqvwhdg/ wkh vshfl�fdwlrq zlwk Ku|c Kg| dqg K�| lv fkrvhq

iru doo lqgxvwulhv frqvlghuhg lq Wdeoh 7181 Wklv fdq yhu| zhoo eh mxvwl�hg edvhg rq wkh

uhvxowv rewdlqhg zlwk wkh ixoo|  h{leoh vshfl�fdwlrq/ vlqfh K| lv lqvljql�fdqw iru doo ri wkhvh

lqgxvwulhv/ zkloh riwhq wzr ru pruh ri wkh sdudphwhuv Ku|/ Kg| dqg K�| duh vljql�fdqw/ dw

ohdvw lq wkh lqgxvwulhv zkhuh wkh hvwlpdwhg dyhudjh surgxfwlylw| jurzwk lv srvlwlyh1 Wkh

dowhuqdwlyh vshfl�fdwlrq/ zkhuh rqo| K| phdvxuhv wkh lpsdfw ri wkh wuhqg whup lv fkrvhq

iru qrq0phwdoolf plqhudo surgxfwv dqg wkh irrg lqgxvwu|/ ehfdxvh lq hdfk fdvh rqo| rqh

ri wkh wuhqg whup sdudphwhuv Ku|/ Kg| dqg K�| lv vljql�fdqw1 Lq pdqxidfwxulqj q1h1f1/

wkh vshfl�fdwlrq zlwk rqo| K| lv fkrvhq ehfdxvh wkh dowhuqdwlyh vlpsoh vshfl�fdwlrq |lhogv

hvwlpdwhv zklfk gr qrw frpso| zlwk wkh frqfdylw| uhvwulfwlrqv1

D pruh gl!fxow fdvh lv wkh fkhplfdo lqgxvwu|/ ehfdxvh hvwlpdwhg surgxfwlylw| jurzwk
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Iljxuh 704= Surgxfwlylw| Jurzwk= WIS yv1 Gxdo Phdvxuh> Hohfw1 dqg Rsw1 Ht1
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fkdqjhv vrphzkdw ghshqglqj rq wkh vshfl�fdwlrq1 Krzhyhu/ Omxqj0Er{ T0vwdwlvwlfv lq0

glfdwh �uvw rughu vhuldo fruuhodwlrq lq wkh vshfl�fdwlrq zkhuh rqo| K| phdvxuhv wkh lpsdfw

ri wkh wuhqg whup/ vr wkh vshfl�fdwlrq zlwk Kg| dqg K�| lv fkrvhq lqvwhdg1 Zkloh hvwl0

pdwhg surgxfwlylw| jurzwk lv vrphzkdw orzhu zlwk wkh dowhuqdwlyh vshfl�fdwlrq/ qrqh ri

wkh rwkhu hvwlpdwhv fkdqjhv qrwlfhdeo|1 Uhvxowv zlwk wkh suhihuuhg wuhqg whup vshfl�fd0

wlrq iru hdfk lqgxvwu| duh suhvhqwhg lq dsshqgl{ D161 Doo ri wkh uhvxowv suhvhqwhg lq wkh

iroorzlqj vhfwlrqv duh edvhg rq wkhvh hvwlpdwhv1

Uhjdugohvv ri wkh vshfl�fdwlrq ri wkh wuhqg whup/ hvwlpdwhg surgxfwlylw| jurzwk lv

e| doo phdqv yhu| vpdoo iru doo ri wkh lqyhvwljdwhg lqgxvwulhv1 Dv rxwolqhg lq fkdswhu 6/

U)G edvhg prghov ri jurzwk lpso| wkdw wkh Vrorz uhvlgxdo lv olnho| wr ryhuvwdwh wkh uhdo

surgxfwlylw| jurzwk/ ehfdxvh erwk hfrqrplhv ri vfdoh dqg pdun0xsv fdxvh dq xszdug

eldv ri wklv surgxfwlylw| jurzwk phdvxuh1 Rq wkhvh jurxqgv/ lw lv wr eh h{shfwhg wkdw wkh
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gxdo phdvxuh vkrxog eh vpdoohu wkdq wkh Vrorz uhvlgxdo li U)G edvhg jurzwk wkhrulhv

duh uhohydqw1 Lq idfw/ frpsdulqj Wdeohv 716 wr 718 zlwk Wdeoh 615 lq fkdswhu 6/ lw wxuqv

rxw wkdw wkh dyhudjh gxdo phdvxuh lv ghflvlyho| orzhu wkdq wkh wrwdo idfwru surgxfwlylw|

jurzwk phdvxuh iru doprvw doo lqgxvwulhv dqg frxqwulhv1 Wkh rqo| h{fhswlrq lv wkh wh{wlohv

lqgxvwu| zkhuh wkh gxdo phdvxuh lv eljjhu wkdq wkh Vrorz uhvlgxdo iru wkh Fdqdgd/ Iudqfh

dqg Jhupdq|1 Lq wkh Jhupdq hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu| wkh gxdo phdvxuh

lv eljjhu wkdq wkh Vrorz uhvlgxdo/ dv zhoo1

Wr jhw d fohduhu lpdjh ri wkh wlph vhulhv surshuwlhv ri wkh sulpdo dqg gxdo surgxfwlylw|

jurzwk phdvxuhv ryhu wlph/ Iljxuhv 704 dqg 705 sorw wrwdo idfwru surgxfwlylw| dqg wkh

gxdo surgxfwlylw| jurzwk phdvxuh dorqj zlwk d <8(0frq�ghqfh lqwhuydo iru wkh hohfwulfdo

dqg rswlfdo htxlsphqw lqgxvwu| dqg iru wkh fkhplfdo lqgxvwu| dv wzr h{dpsohv1 Lq wkh

hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu|/ wkh gl�huhqfh ehwzhhq dyhudjh WIS dqg wkh

dyhudjh gxdo phdvxuh ri surgxfwlylw| jurzwk lv uhodwlyho| vpdoo1 Dv fdq eh vhhq lq Iljxuh

704/ wkh Vrorz uhvlgxdo lv vpdoohu wkdq wkh gxdo phdvxuh lq doo frxqwulhv gxulqj vhyhudo

vxeshulrgv gxh wr sduwlfxoduo| kljk f|folfdo yduldwlrq lq wkh sulpdo surgxfwlylw| jurzwk

phdvxuh1 Wklv dovr krogv iru wkh fkhplfdo lqgxvwu|/ dowkrxjk wkh Vrorz uhvlgxdo lv txlwh

d elw kljkhu wkdq wkh gxdo surgxfwlylw| phdvxuh gxulqj prvw vxeshulrgv lq wklv lqgxvwu|1

Lq erwk lqgxvwulhv wkh Vrorz uhvlgxdo kdv d vwurqj f|folfdo frpsrqhqw/ zkloh wkh gxdo

phdvxuh ri surgxfwlylw| jurzwk lv pxfk vprrwkhu1 Wkh f|folfdo frpsrqhqw ri wkh sulpdo

phdvxuh pd| yhu| zhoo eh d �jphqw ri xqrevhuyhg f|folfdo yduldwlrq lq wkh xwlol}dwlrq ri

oderu dqg fdslwdo1 Wkh fdslwdo vwrfn dqg hpsor|phqw dv d phdvxuh ri oderu lqsxw duh

olnho| wr xqghuhvwlpdwh wkh xvh ri wkhvh idfwruv lq errpv dqg ryhuhvwlpdwh lw lq voxpsv/

ehfdxvh wkh| phdvxuh fdsdflw| udwkhu wkdq dfwxdo idfwru xwlol}dwlrq1 Fohduo|/ wklv fuhdwhv

d vsxulrxv f|folfdo frpsrqhqw lq wkh sulpdo phdvxuh ri surgxfwlylw|1 Krxuv zrxog eh

suhihudeoh dv d phdvxuh iru oderu lqsxw wr fdswxuh wkh f|folfdo yduldwlrq ri wkh xvh ri wklv

idfwru/ exw xqiruwxqdwho| rqo| hpsor|phqw lv dydlodeoh1 Dv idu dv fdslwdo lv frqfhuqhg/ lw

lv kljko| gl!fxow wr phdvxuh wkh dfwxdo xvh ri fdslwdo vhuylfhv udwkhu wkdq wkh surgxfwlrq

fdsdflw| wkdw lv phdvxuhg zlwk wkh fdslwdo vwrfn1 Fdsdflw| xwlol}dwlrq phdvxuhv wr fruuhfw
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Iljxuh 705= Surgxfwlylw| Jurzwk= WIS yv1 Gxdo Phdvxuh> Fkhplfdo Lqgxvwu|
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wkh fdslwdo vwrfn duh vhogrp dydlodeoh/ hvshfldoo| rq pruh glvdjjuhjdwh gdwd ohyhov/ dqg

lq pdq| fdvhv wkhlu uholdelolw| pd| eh txhvwlrqdeoh +Vkdslur 4<;<,1

Hylghqfh wkdw wkh sulpdo WIS phdvxuh suhvhqwhg lq wklv fkdswhu lv olnho| wr frqwdlq

d vsxulrxv f|folfdo hohphqw lv surylghg e| Sdtxhw ) Urxelgrx{ +5334,1 Wkh| duh deoh

wr dgmxvw wkhlu fdslwdo vwrfn vhulhv zlwk d qhzo| dydlodeoh djjuhjdwh fdsdflw| xwlol}dwlrq

phdvxuh zkhq phdvxulqj wrwdo idfwru surgxfwlylw| zlwk djjuhjdwh Fdqdgldq gdwd1 Frp0

sdulqj wkh Vrorz uhvlgxdo/ zklfk lv xqdgmxvwhg iru ydu|lqj fdsdflw| xwlol}dwlrq/ zlwk wkh

dgmxvwhg phdvxuh/ lw wxuqv rxw wkdw wkh odwwhu lv orw ohvv yrodwloh/ frqwdlqlqj ihzhu gdwd
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srlqwv wkdw lqglfdwh whfkqrorj| ghfolqh1

Wkhuh lv frqvlghudeoh hylghqfh wkdw lq dgglwlrq wr frqfhuqv uhjduglqj wkh dvvxps0

wlrqv ri frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frpshwlwlrq/ wkh gdwd vkrxog e| doo phdqv

vrphkrz eh dgmxvwhg iru ydu|lqj fdsdflw| xwlol}dwlrq/ li wkh Vrorz uhvlgxdo lv xvhg dv d

phdvxuh ri surgxfwlylw| jurzwk1 Lq frqwudvw/ wkh huuru fruuhfwlrq irup xvhg wr hvwlpdwh

wkh frvw ixqfwlrq grhv dffrpprgdwh fkdqjhv lq fdsdflw| xwlol}dwlrq/ ehfdxvh lw hqfrp0

sdvvhv vkruw0uxq ghyldwlrqv iurp htxloleulxp1 Wklv uhvxowv lq pxfk vprrwkhu hvwlpdwhv

ri surgxfwlylw| jurzwk1 Zlwk wkh frvw ixqfwlrq hvwlpdwlrq lw vhhpv wr eh srvvleoh wr

dyrlg dgglqj vsxulrxv f|folfdo yduldwlrq wr wkh surgxfwlylw| jurzwk phdvxuh1 Vlqfh lw

lv lq prvw fdvhv h{wuhpho| gl!fxow wr dgmxvw wkh gdwd iru ydu|lqj fdsdflw| xwlol}dwlrq/

wkh srvvlelolw| wr dffrpprgdwh vkruw0uxq ghyldwlrqv iurp htxloleulxp zlwklq wkh frvw

ixqfwlrq dssurdfk lv dq dgglwlrqdo uhdvrq zk| wklv iudphzrun dsshduv pruh vxlwdeoh wr

lqyhvwljdwh wkh ghwhuplqdqwv ri surgxfwlylw| jurzwk1

Lq wkh qh{w vhfwlrqv lw lv lqyhvwljdwhg zkhwkhu wkh hvwlpdwlrq uhvxowv lpso| wkh suhvhqfh

ri hfrqrplhv ri vfdoh dqg pdunhw srzhu1 Wklv pljkw eh uhvsrqvleoh iru wkh idfw wkdw wrwdo

idfwru surgxfwlylw| jurzwk lv v|vwhpdwlfdoo| kljkhu wkdq wkh gxdo phdvxuh ri surgxfwlylw|

jurzwk1

716 Hfrqrplhv ri Vfdoh

E| d vwdqgdug uhsolfdwlrq dujxphqw/ uhwxuqv wr vfdoh vkrxog lq jhqhudo eh h{shfwhg wr

eh frqvwdqw lq wkh ulydo idfwruv fdslwdo/ oderu dqg pdwhuldo lqsxwv1 Edvhg rq wkh jurzwk

wkhrulhv zlwk lqfuhdvlqj uhwxuqv gxh wr h{whuqdolwlhv suhvhqwhg lq vhfwlrq 515/ hfrqrplhv ri

vfdoh lq wkh ulydo idfwruv frxog eh lqfuhdvlqj lqvwhdg/ li qrq0ulydo nqrzohgjh lv dffxpxodwhg

dv d vlgh h�hfw ri wkh surgxfwlrq ri vrph ri wkh ulydo jrrgv/ vxfk dv sk|vlfdo fdslwdo lq

Urphu*v +4<;9, ru kxpdq fdslwdo lq Oxfdv*v +4<;;, prgho1 Vlqfh wkh wzr0gljlw lqgxvwu|

ohyho lv douhdg| idluo| djjuhjdwh/ lw vkrxog eh srvvleoh wr ghwhfw vrph hfrqrplhv ri vfdoh/

li wkhvh prghov duh uhohydqw1
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Wdeoh 719 glvsod|v wkh lpsolhg dyhudjh udwh ri uhwxuqv wr vfdoh ryhu wkh vdpsoh sh0

ulrg dorqj zlwk vwdqgdug huuruv fdofxodwhg zlwk wkh ghowd phwkrg1 Wkh hvwlpdwhv lpso|

lqfuhdvlqj uhwxuqv wr vfdoh iru qhduo| doo ri wkh lqgxvwulhv1

Wdeoh 719= Dyhudjh Udwh ri Uhwxuqv wr Vfdoh> 4<;304<<;
Lqgxvwu| XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Irrg 413;6 414;; 41376 41495 41379 41485

+3138:, +3139:, +31387, +31395, +31388, +31395,

Wh{wlohv 41477 414:8 0 41466 41464 41463

+31363, +31365, 0 +3135<, +3135<, +3135;,

Zrrg 0 41599 0 414;6 4146; 0

0 +313<3, 0 +313:8, +313:6, 0

Sxeolvklqj 0 4154: 0 41478 41443 4149<

0 +31398, 0 +3138<, +31388, +31397,

Fkhplfdov 4145< 41547 0 414;9 41469 0

+31363, +31363, 0 +3135;, +31363, 0

Sodvwlfv 41594 414:; 0 41499 414:: 0

+31388, +3136<, 0 +3136;, +3136<, 0

Plqhudo Surg1 4165: 417;6 0 41665 415;5 4164:

+313:;, +313;6, 0 +313:4, +3139:, +3139:,

Phwdov 4154: 41573 4155< 414<; 41543 414;3

+3137;, +31383, +3137;, +31378, +3137:, +31376,

Pdfklqhu| 0 415<5 414;; 41467 414:7 41545

0 +31384, +31379, +31373, +31375, +31373,

Hohfw1 ) Rsw Ht1 0 414;: 41455 4149: 41547 413<9

0 +3136:, +31365, +31369, +31375, +31365,

Wudqvsruw 414;7 415:: 415:4 41539 414:: 4154:

+3137;, +31388, +31388, +3137;, +31378, +3137;,

Pdq1 Q1H1F1 0 41534 0 41478 41454 31<95

0 +31368, 0 +31369, +31365, +3135;,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Rqo| lq wkh Mdsdqhvh dqg wkh Fdqdgldq irrg lqgxvwulhv dqg lq pdqxidfwxulqj lqgxv0

wulhv q1h1f1 lq Iudqfh lv wkh hvwlpdwhg dyhudjh udwh ri uhwxuqv wr vfdoh qrw vljql�fdqwo|

gl�huhqw iurp rqh1 Lq jhqhudo/ wkh vl}h ri wkh hvwlpdwhv lv yhu| xqlirup1 Wkh dyhudjh udwh

ri uhwxuqv wr vfdoh ydulhv ehwzhhq 414 dqg 416 iru doprvw doo ri wkh lqyhvwljdwhg lqgxvwulhv1

Iljxuh 706 sorwv wkh udwh ri uhwxuqv wr vfdoh iru wkh irrg lqgxvwu| dorqj zlwk wkh <8(0

frq�ghqfh lqwhuydo iru wkh hvwlpdwhg hodvwlflw|1 Wklv lqfoxghv 4 lq Mdsdq dqg Fdqdgd

;:



ryhu wkh zkroh vdpsoh shulrg/ vr wkh k|srwkhvlv ri frqvwdqw uhwxuqv wr vfdoh fdqqrw eh

uhmhfwhg iru wkhvh wzr frxqwulhv1 Iru doo rwkhu frxqwulhv hyhq wkh orzhu erxqg ri wkh

frq�ghqfh lqwhuydo lv eljjhu wkdq rqh ryhu wkh hqwluh vdpsoh shulrg1

Iljxuh 706= Hfrqrplhv ri Vfdoh lq wkh Irrg Lqgxvwu|
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Wr ylvxdol}h dq dowhuqdwlyh h{dpsoh ri dq lqgxvwu| zlwk uhodwlyho| kljk hfrqrplhv ri

vfdoh/ Iljxuh 707 glvsod|v wkh lpsolhg udwh ri uhwxuqv wr vfdoh iru wkh wudqvsruw htxlsphqw

lqgxvwu|/ zkhuh hyhq wkh orzhu erxqg ri wkh <80(0frq�ghqfh lqwhuydo lv zhoo deryh 414 iru

doo frxqwulhv1 Pruh vr wkdq lq wkh irrg lqgxvwu| wkh udwh ri uhwxuqv wr vfdoh vhhpv wr kdyh

txlwh d surqrxqfhg f|folfdo frpsrqhqw1 Wkh sorw ri wkh wlph vhulhv orrnv dv li wkhuh zdv

d voljkw grzqzdug wuhqg lq wkh wudqvsruw htxlsphqw lqgxvwu| ri Fdqdgd dqg Jhupdq|/

zkloh wkh udwh ri uhwxuqv wr vfdoh vhhpv wr eh xszdug wuhqglqj lq wkh irrg lqgxvwu|1 Wkhvh

vhhplqj wuhqgv vkrxog eh dwwulexwhg wr wkh vkruw vdpsoh shulrg1 Lw zrxog fhuwdlqo| eh

yhu| vxusulvlqj li wkhuh zdv d orqj0uxq wuhqg lq wkh udwh ri uhwxuqv wr vfdoh1

Zkloh jurzwk prghov zlwk h{whuqdolwlhv fdq dffrpprgdwh hfrqrplhv ri vfdoh lq ulydo

idfwruv/ ehfdxvh nqrzohgjh lv dffxpxodwhg lq gluhfw sursruwlrq wr rqh ri wkhp/ U)G

;;



edvhg jurzwk wkhrulhv vxjjhvw lq sulqflsoh wkdw uhwxuqv wr ulydo idfwruv vkrxog eh frqvwdqw1

Krzhyhu/ wkhru| grhv vxjjhvw wkdw wkhuh pd| eh hfrqrplhv ri vfdoh hyhq li rqo| wkh

ulydo idfwruv duh frqvlghuhg/ ehfdxvh wkhuh duh �{hg frvwv dvvrfldwhg zlwk lqyhvwphqwv lq

U)G1 Pruhryhu/ uhwxuqv wr vfdoh duh lqfuhdvlqj lq ulydo idfwruv dqg nqrzohgjh wrjhwkhu1

Edvhg rq wkh odwwhu dujxphqw/ lw pd| vhhp vxusulvlqj wr ghwhfw hfrqrplhv ri vfdoh lq d

frvw ixqfwlrq hvwlpdwlrq zkhuh U)G fdslwdo vwrfnv kdyh qrw ehhq lqfoxghg1 Krzhyhu/

dv srlqwhg rxw lq wkh gdwd ghvfulswlrq/ lw lv qrw srvvleoh wr fruuhfw oderu/ fdslwdo dqg

pdwhuldo lqsxwv iru wkh lqfoxvlrq ri U)G fdslwdo vwrfnv1 Wkhuhiruh/ lw lv yhu| olnho| wkdw

dw ohdvw vrph ri wkh h�hfw ri U)G rq ryhudoo hfrqrplhv ri vfdoh lv fdswxuhg e| wkh frvw

hodvwlflw| zlwk uhvshfw wr rxwsxw1

Iljxuh 707= Hfrqrplhv ri Vfdoh lq wkh Wudqvsruw Htxlsphqw Lqgxvwu|
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France

Vlqfh nqrzohgjh lv wkh vrxufh ri hfrqrplhv ri vfdoh dffruglqj wr U)G edvhg jurzwk

prghov/ lw zrxog eh lqwhuhvwlqj wr vhh zkhwkhu lw lv srvvleoh wr ghwhfw d uhodwlrqvkls

ehwzhhq nqrzohgjh yduldeohv dqg wkh hvwlpdwhg udwh ri uhwxuqv wr vfdoh1 Dv wkh vl}h ri

wkh dyhudjh udwh ri uhwxuqv wr vfdoh lv yhu| xqlirup dfurvv lqgxvwulhv/ lw lv kdugo| srvvleoh
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wr ghwhfw vxfk d uhodwlrqvkls e| phuh lqvshfwlrq ri Wdeoh 7191 Prvw lqgxvwulhv glvsod|lqj

uhodwlyho| kljk hfrqrplhv ri vfdoh duh dovr uhodwlyho| U)G0lqwhqvlyh/ zkloh U)G0lqwhqvlw|

lv orz lq pdqxidfwxulqj qrw hovhzkhuh fodvvl�hg/ wkh irrg dqg wkh wh{wlohv lqgxvwu|/ zkhuh

uhwxuqv wr vfdoh duh forvh wr frqvwdqw1 Rq wkh rwkhu kdqg/ wkh kljko| U)G0lqwhqvlyh

fkhplfdo dqg hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwulhv krog plggoh srvlwlrqv zkhq lw

frphv wr hfrqrplhv ri vfdoh1

Wr jhw d fohduhu lpdjh zkhwkhu hfrqrplhv ri vfdoh pljkw eh uhodwhg wr U)G/ wkh

hvwlpdwhg h{fhvv uhwxuqv wr vfdoh/ wkh udwh ri uhwxuqv wr vfdoh plqxv rqh/ lv uhjuhvvhg �uvw

rq U)G0lqwhqvlw| dqg wkhq rq wkh U)G0fdslwdo vwrfn lq d srrohg uhjuhvvlrq zlwk �{hg

lqgxvwu| h�hfwv1 Wr dyrlg khwhurjhqhlw| gxh wr gl�huhqw vl}h/ wkh U)G fdslwdo vwrfnv duh

lqwurgxfhg lqwr wkh uhjuhvvlrq dv lqglfhv wdnlqj d ydoxh ri rqh lq 4<<81

Wdeoh 71:= Uhvxowv ri Sdqho Uhjuhvvlrq ri Uhwxuqv wr Vfdoh rq gl�huhqw U)G Yduldeohv

7.�| ' s-UJ�| n K-U �-(t�| n �-UJ�| 7.�| ' s-J�| n Kg--�| n �-J�|
K-U 2�eD� Ef���S� Kg- f�f2e Ef�ffS�
-2 f�H2. -2 f�H��
(�` f��e� (�`� f��e�

EVwdqgdug Huuruv lq Sduhqwkhvhv,

Lq Wdeohv 71:/ 71; dqg 71< 7.�| '
�

0 ��t �|
� � ghqrwhv wkh h{fhvv uhwxuqv wr vfdoh/ -(t�|

lv wkh U)G0lqwhqvlw|/ -�| wkh U)G fdslwdo vwrfn/ s ��| lv dq lqgxvwu| vshfl�f frqvwdqw

dqg ���| lv dq huuru whup iru � ' -UJc -Jc -UeS/ +i S1 � lv dq lqgxvwu| lqgh{ dqg |

lv d wlph lqgh{1 Erwk wkh hvwlpdwhg sdudphwhu ri wkh U)G0lqwhqvlw| dqg ri wkh U)G

fdslwdo vwrfn duh srvlwlyh dqg vljql�fdqw Krzhyhu/ wkh Gxuelq Zdwvrq vwdwlvwlf lqglfdwhv

vwurqj dxwrfruuhodwlrq lq wkh uhvlgxdov/ vr wkh hvwlpdwhg vwdqgdug huuruv duh olnho| wr eh

vhyhuho| glvwruwhg1 Pruhryhu/ vlqfh wkh udwh ri uhwxuqv wr vfdoh lv d ixqfwlrq ri wkh sulfhv/

rxwsxw dqg lqsxw gdwd/ wkh sdudphwhu hvwlpdwhv pd| sulpdulo| fdswxuh d frpprq f|folfdo

frpsrqhqw lq wkh gdwd/ zkloh lw lv ri frxuvh wkh orqj0uxq uhodwlrqvkls ehwzhhq nqrzohgjh

fuhdwlrq dqg hfrqrplhv ri vfdoh wkdw lv lqwhuhvwlqj lq wkh suhvhqw frqwh{w1 Vlqfh wkh

lqyhvwljdwhg wlph vsdq lv udwkhu vkruw/ lw lv e| qr phdqv hdv| wr xqfryhu wklv1 Krzhyhu/

hvwlpdwlqj wkh uhodwlrqvkls ehwzhhq hfrqrplhv ri vfdoh lq dq huuru fruuhfwlrq prgho pd|
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eh pruh dssursuldwh/ ehfdxvh wklv iudphzrun khosv ghdo zlwk wkh dxwrfruuhodwlrq dqg lw

lv pruh olnho| wr fdswxuh d orqj0uxq uhodwlrqvkls ehwzhhq wkh yduldeohv1

Wdeoh 71; uhsruwv uhvxowv ri wkh hvwlpdwhg uhodwlrq ehwzhhq uhwxuqv wr vfdoh dqg U)G0

lqwhqvlw|1 Gl�huhqfhv wxuq rxw wr eh vljql�fdqw xs wr odj wzr1 Wkh frh!flhqw �-U lv wkh

huuru fruuhfwlrq whup/ zkloh �-U ' � K-U
�-U

phdvxuhv wkh lpsolhg orqj0uxq uhodwlrqvkls eh0

wzhhq wkh U)G0lqwhqvlw| dqg wkh hvwlpdwhg udwh ri uhwxuqv wr vfdoh1 Djdlq/ wkh htxdwlrq

lv hvwlpdwhg zlwk lqgxvwu|0frxqwu| �{hg h�hfwv/ zkloh doo vorsh frh!flhqwv duh dvvxphg

wr eh wkh vdph dfurvv doo lqgxvwulhv dqg frxqwulhv1 Wkh lpsolhg sdudphwhu phdvxulqj wkh

orqj0uxq uhodwlrqvkls ehwzhhq U)G0lqwhqvlw| dqg hfrqrplhv ri vfdoh lv �-U '6179:1 Lw lv

vljql�fdqw dqg lq d uhdvrqdeo| vlplodu udqjh dv wkh fruuhvsrqglqj sdudphwhu hvwlpdwhg

zlwk ROV1

Wdeoh 71;= Uhodwlrq ehwzhhq U)G Lqwhqvlw| dqg Hfrqrplhv ri Vfdoh> Huuru Fruuhfwlrq Irup

{7.�| ' s-UeS�| n �-U7.�|3� n K-U �-(t�|3� n
S

� _-U�{7.�|3� n
S

� e-U�{-U�|3� n �-UeS�|

�-U K-U e-Uf e-U� e-U2 _-U� _-U2 -2 (�`� |�r|@|�
03143: 316:4 3198 031:3< 031864 31584 031495 31798 41;<8 0;1;;8
+31345, +3145:, +3154, +31537, +31535, +3163, 31363,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Wkh w0vwdwlvwlf ri wkh huuru fruuhfwlrq whup/ ghqrwhg �w1vwdw1� lq Wdeoh 71; lv kljko|

vljql�fdqw lqglfdwlqj uhyhuvlrq wr htxloleulxp1 Vlplodu uhvxowv hphujh zkhq hvwlpdwlqj

wkh uhodwlrqvkls ehwzhhq wkh U)G fdslwdo vwrfn dqg wkh udwh ri uhwxuqv wr vfdoh lq wkh huuru

fruuhfwlrq irup1 Uhvxowv ri wklv hvwlpdwlrq duh uhsruwhg lq Wdeoh 71<1 Wkh lpsolhg orqj0

uxq sdudphwhu phdvxulqj wkh uhodwlrqvkls ehwzhhq wkh U)G fdslwdo vwrfn dqg hfrqrplhv

ri vfdoh lv 313981 Lw lv vljql�fdqw dqg srvlwlyh dqg qrw wrr idu iurp wkh sdudphwhu rewdlqhg

zlwk wkh gluhfw hvwlpdwlrq ri wklv uhodwlrqvkls1 Wkh w0vwdwlvwlf ri wkh huuru fruuhfwlrq whup

lv djdlq kljko| vljql�fdqw1

Ryhudoo wkh hvwlpdwlrq uhvxowv lqglfdwh wkdw wkhuh vhhpv wr eh vrph srvlwlyh uhodwlrq0

vkls ehwzhhq hfrqrplhv ri vfdoh dqg nqrzohgjh yduldeohv/ vr U)G dfwlylw| pd| eh d

vrxufh ri hfrqrplhv ri vfdoh dv vxjjhvwhg e| U)G edvhg prghov ri jurzwk1 \hw/ wkh

uhvxowv vkrxog qrw eh ryhuydoxhg1 Wkh hvwlpdwlrq ri wkh uhodwlrqvkls ehwzhhq hfrqrplhv
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ri vfdoh dqg U)G0yduldeohv lv ri frxuvh frpsohwho| dg krf1 Wkh h{huflvh lv vlpso| phdqw

wr xqfryhu zkhwkhu lw lv srvvleoh wr ghwhfw dq| srvlwlyh uhodwlrqvkls dw doo1 Wklv ds0

surdfk vhhpv xvhixo iurp d sudjpdwlf srlqw ri ylhz/ ehfdxvh lw lv gl!fxow wr glvwlqjxlvk

dq xqhtxlyrfdo uhodwlrqvkls mxvw e| lqvshfwlqj wkh hvwlpdwhg dyhudjh udwh ri uhwxuqv wr

vfdoh vxppdul}hg lq Wdeoh 719 wdnlqj lqwr dffrxqw wkh lqgxvwulhv* U)G0lqwhqvlwlhv1 Lw lv

wuxh wkdw/ vlqfh wkh lqsxw gdwd lv qrw fruuhfwhg iru wkh lqfoxvlrq ri U)G/ dqg ehfdxvh

ri wkh �{hg frvw dvvrfldwhg zlwk U)G lqyhvwphqwv/ wkh frvw hodvwlflw| zlwk uhvshfw wr

rxwsxw vkrxog eh h{shfwhg wr fdswxuh dw ohdvw sduw ri wkh hfrqrplhv wr vfdoh wkdw fdq

eh wudfhg wr U)G1 Qhyhuwkhohvv/ uhvxowv vkrxog eh wuhdwhg zlwk fdxwlrq/ ehfdxvh wkhru|

grhv qrw surylgh dq| jxlgdqfh dv wr krz vwurqj wkh uhodwlrqvkls ehwzhhq U)G yduldeohv

dqg hfrqrplhv ri vfdoh vkrxog eh dqg zkdw suhflvh irup lw vkrxog wdnh1

Wdeoh 71<= Uhodwlrq ehwzhhq U)G Fdslwdo dqg Hfrqrplhv ri Vfdoh> Huuru Fruuhfwlrq Irup

{7.�| ' s+i S�| n �-7.�|3� n K--�|3� n
S

� _-�{7.�|3� n
S

� e-�{-�|3� n �+i S�|

�- K- e-f e-� e-2 _-� _-2 -2 (�`� |�r|@|�
03143< 3133: 031347 31364 03133; 31547 0314<3 3174: 41;;7 0<13<3
+31345, +31335, +31348, +3134:, +313349, +31363, +31363,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Wkh lpsruwdqw erwwrpolqh iurp wkh srlqw ri ylhz ri jurzwk wkhru| lv wkdw vljql�fdqw

hfrqrplhv ri vfdoh duh irxqg lq doo ri wkh lqyhvwljdwhg lqgxvwulhv1 Wklv hpslulfdo uhvxow

vxssruwv wkh hqgrjhqrxv jurzwk wkhrulhv glvfxvvhg lq fkdswhu 51 Dffruglqj wr Urphu*v

+4<;9, dqg Oxfdv*v +4<;;, prghov zlwk h{whuqdolwlhv/ wkh djjuhjdwh surgxfwlrq ixqfwlrq

pd| glvsod| lqfuhdvlqj uhwxuqv wr vfdoh/ ehfdxvh surgxfwlyh nqrzohgjh lv dffxpxodwhg

dv d vlgh h�hfw ri lqyhvwphqwv lq sk|vlfdo ru kxpdq fdslwdo1 Lq U)G edvhg prghov ri

jurzwk/ nqrzohgjh fuhdwhg dv d uhvxow ri lqyhvwphqwv lq U)G lv wkh vrxufh ri hfrqrplhv

ri vfdoh1 Dowkrxjk vrph dg krf uhjuhvvlrqv ri wkh wlph vhulhv phdvxulqj wkh udwh ri

uhwxuqv wr vfdoh rq gl�huhqw U)G yduldeohv uhyhdo wkdw wkhuh grhv vhhp wr eh d srvlwlyh

uhodwlrqvkls/ wkhvh uhvxowv vkrxog eh lqwhusuhwhg zlwk fdxwlrq/ ehfdxvh wkhvh uhjuhvvlrqv

duh qrw zhoo vwuxfwxuhg e| wkhru|1 Wkh vdihvw frqfoxvlrq wkdw fdq eh gudzq iurp wkh

uhvxowv lv wkdw wkhuh lv lqghhg frqvlghudeoh hylghqfh ri wkh suhvhqfh ri hfrqrplhv ri vfdoh1
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Lq wklv vhqvh wkh uhvxowv vxssruw hqgrjhqrxv jurzwk wkhrulhv dv rssrvhg wr qhrfodvvlfdo

jurzwk wkhru|/ zklfk lv xqdpeljxrxvo| edvhg rq d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|1

D zd| wr glvwlqjxlvk zkhwkhu wkh uhvxowv vxssruw U)G edvhg jurzwk wkhrulhv udwkhu

wkdq prghov zlwk lqfuhdvlqj uhwxuqv gxh wr h{whuqdolwlhv lv wr wdnh d orrn dw zkdw wkh

uhvxowv lpso| frqfhuqlqj wkh suhvhqfh ri pdunhw0srzhu1 Zkloh wkh h{whuqdolw| prghov duh

edvhg rq wkh dvvxpswlrq ri frpshwlwlyh pdunhwv/ U)G edvhg jurzwk prghov kdyh wr uho|

rq pdunhw srzhu wr h{sodlq nqrzohgjh fuhdwlrq dv d uhvsrqvh wr pdunhw lqfhqwlyhv1

717 Pdunhw Srzhu

U)G edvhg prghov ri hfrqrplf jurzwk vxjjhvw wkdw hdfk lqgxvwu| zklfk frqgxfwv uh0

vhdufk dqg ghyhorsphqw vkrxog eh deoh wr fkdujh d pdun0xs ri sulfh ryhu pdujlqdo frvw

wr fryhu wkh �{hg frvw dvvrfldwhg zlwk nqrzohgjh fuhdwlrq1 Lq idfw/ hvwlpdwhg pdun0xsv

duh vljql�fdqwo| eljjhu wkdq rqh lq doo lqgxvwulhv exw uxeehu dqg sodvwlfv surgxfwv/ zkhuh

wkh k|srwkhvlv ri frpshwlwlyh sulflqj fdqqrw eh uhmhfwhg dw wkh 8(0vljql�fdqfh ohyho iru

wkh XV dqg Lwdo|1 Wklv fdq eh yhul�hg lq Wdeoh 71431

Edvhg rq wkhru| pdun0xsv pd| eh h{shfwhg wr eh kljkhu lq lqgxvwulhv zkhuh wkh U)G0

lqwhqvlw| lv uhodwlyho| kljk/ ehfdxvh wkhvh lqgxvwulhv ehdu kljkhu �{hg frvwv lq uhodwlrq wr

wkhlu rxwsxw1 Iru wklv uhdvrq/ rqh pljkw h{shfw d srvlwlyh uhodwlrqvkls ehwzhhq U)G0

lqwhqvlw| dqg wkh vl}h ri wkh pdun0xs1 \hw/ iru prvw lqgxvwulhv hvwlpdwhg pdun0xsv ydu|

ehwzhhq 415 dqg 4161 Wklv vhhpv wr eh udwkhu xqlirup/ zkhwkhu ru qrw wkh lqgxvwulhv duh

U)G0lqwhqvlyh1

Iljxuh 708 sorwv wkh hvwlpdwhg pdun0xsv djdlqvw wkh dyhudjh U)G0lqwhqvlwlhv ri wkh

gl�huhqw lqgxvwulhv1 Lw fhuwdlqo| grhv qrw orrn dv li wkhuh zdv dq| uhodwlrqvkls1 Lq idfw/

wkh �wwhg uhjuhvvlrq olqh vwhpplqj iurp dq ruglqdu| ohdvw vtxduhv uhjuhvvlrq ri pdun0xsv

rq dyhudjh U)G0lqwhqvlwlhv fdq eh vhhq wr eh d vwudljkw olqh lq Iljxuh 7081

Krzhyhu/ pdunhw0srzhu dqg wkh vl}h ri pdun0xsv fdq eh uhodwhg wr pdq| rwkhu wklqjv

wkdq d sdwhqw ru whfkqrorjlfdo nqrzohgjh wkdw fdq h�hfwlyho| eh klgghq iurp rwkhu sur0
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Wdeoh 7143= Hvwlpdwhv ri wkh Pdun0xs ri Sulfh ryhu Pdujlqdo Frvw

Lqgxvwu| XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Irrg 4158< 415:< 41573 4156: 41587 41578

+313:7, +313:7, +313:5, +313:3, +313:9, +313:6,

Wh{wlohv 4153: 4156< 0 414<< 4154< 414;8

+31359, +3135<, +31359, +3135;, +3135:,

Zrrg 0 416<; 0 415;8 41699 0

0 +313:8, 0 +3139<, +313:5, 0

Sxeolvklqj 0 41748 0 4173; 41564 41736

0 +313;3, 0 +313:<, +313:3, +313:<,

Fkhplfdov 41585 415:: 0 415:< 41585 0

+31366, +31367, 0 +31365, +31367, 0

Sodvwlfv 4137; 4147; 0 414;8 414;4 0

+31484, +313;9, 0 +313:;, +313;3, 0

Plqhudo Surg1 416:9 41733 0 416:: 416:5 41694

+31395, +3139:, 0 +3138<, +31394, +3138<,

Phwdov 41594 415:6 415;8 415<9 41573 41585

+3136:, +3136;, +31369, +3136:, +3136;, +31369,

Pdfklqhu| 0 41739 4159: 4169: 416;5 415;;

0 +31468, +31399, +31459, +3147<, +313:7,

Hohfw1 ) Rsw1 Ht1 0 4167: 4153< 41683 416;5 41573

0 +31384, +3136:, +31377, +31383, +31373,

Wudqvsruw 41558 41584 41589 41595 41565 41564

+31366, +3136<, +31364, +31366, +31369, +31366,

Pdq1/ Q1H1F1 0 41583 0 41545 4155: 41459

0 +31385, +3137<, +31386, +31373,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

gxfhuv1 Lw pd| eh gxh wr prqrsro| uljkwv judqwhg e| wkh jryhuqphqw ru wkh ohyho ri

surwhfwlrq iurp lqwhuqdwlrqdo wudgh1 Pruhryhu/ wkh vl}h ri wkh pdun0xs dovr ghshqgv rq

wkh sulfh hodvwlflw| ri pdunhw ghpdqg/ zklfk lv xquhodwhg wr pdunhw0srzhu1 Wkhvh idf0

wruv pd| revfxuh wkh uhodwlrqvkls ehwzhhq U)G0lqwhqvlw| dqg wkh vl}h ri pdun0xsv lq

vrph lqgxvwulhv1 Wr fdswxuh wklv srvvlelolw|/ lw lv whvwhg zkhwkhu lqgxvwu| gxpplhv duh

vljql�fdqw lq wkh uhjuhvvlrq ri pdun0xsv rq U)G1

Dv lw wxuqv rxw/ gxpplhv duh vljql�fdqw iru wkh zrrg dqg wkh sxeolvklqj dqg sulqw0

lqj lqgxvwu|/ zkhuh pdun0xsv duh uhpdundeo| kljk/ zkloh wkh U)G0lqwhqvlw| lv yhu| orz

frpsduhg zlwk rwkhu lqgxvwulhv1 Wkh uxeehu dqg sodvwlfv lqgxvwu| gxpp| lv dovr vljqli0
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Iljxuh 708= Pdun0xsv dqg Dyhudjh U)G0Lqwhqvlw|> 4<;304<<;
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lfdqw/ dv zhoo dv wkh gxpp| ri rwkhu qrq0phwdoolf plqhudo surgxfwv dqg wkh pdfklqhu|

lqgxvwu|1 Wkh �uvw lqgxvwu| kdv wkh orzhvw pdun0xsv ri doo lqgxvwulhv/ zkloh pdun0xsv

duh sduwlfxoduo| kljk lq wkh odwwhu wzr lqgxvwulhv1 Wkh vljql�fdqfh ri frxqwu| gxpplhv

lv whvwhg dv zhoo1 Rqo| wkh gxpp| iru Lwdo| lv vljql�fdqw1 Vlqfh wkh U)G0lqwhqvlw| lq

Lwdoldq lqgxvwulhv lv uhpdundeo| orz frpsduhg zlwk rwkhu frxqwulhv/ wklv lv qrw yhu| vxu0

sulvlqj1 Wdeoh 7144 suhvhqwv wkh uhvxowv ri d uhjuhvvlrq ri pdun0xsv rq U)G0lqwhqvlw|

zlwk doo vljql�fdqw gxpplhv lqfoxghg lq wkh hvwlpdwlrq1

ef lv d frqvwdqw/ K-(U lv wkh frh!flhqw ri wkh U)G0lqwhqvlw| dqg wkh _�r ghqrwh wkh

gxpplhv/ zkhuh wkh vx!{ U vwdqgv iru Lwdo|/ zkloh wkh qxpehuv ghqrwh LVLF lqgxvwu|

frghv zklfk duh h{sodlqhg lq wkh gdwd dsshqgl{1 Zkhq doo vljql�fdqw lqgxvwu| dqg

frxqwu| gxpplhv duh lqfoxghg lq wkh uhjuhvvlrq/ wkh frh!flhqw ri U)G0lqwhqvlw| ehfrphv
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Wdeoh 7144= Uhjuhvvlrq ri Pdun0xsv rq U)G0Lqwhqvlw|

Kf K-(U _2f _2� _2D _2S _2b _U -2

4155: 3133: 3143: 31458 031436 3146: 313<9 31376 319<5

+31344, +31336, +3135<, +31358, +31358, +31356, +31355, +3133;,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

srvlwlyh dqg vljql�fdqw1 Khqfh/ wkhuh lv vrph/ doehlw zhdn/ hylghqfh lq idyru ri wkh qrwlrq/

wkdw d kljk dprxqw ri U)G dfwlylw| lv dvvrfldwhg zlwk kljkhu pdun0xsv/ dowkrxjk wklv

uhodwlrqvkls vhhpv wr eh revfxuhg e| rwkhu idfwruv lq xhqflqj wkh vl}h ri pdun0xsv lq d

qxpehu ri lqgxvwulhv1

Lw vhhpv lqwxlwlyh wr dvvxph wkdw kljk pdun0xsv vkrxog eh revhuyhg lq lqgxvwulhv

zkhuh d orw ri U)G lv shuiruphg/ ehfdxvh wkh �{hg frvw dvvrfldwhg zlwk nqrzohgjh

fuhdwlrq duh kljk1 \hw/ wkh rqo| fohdu lpsolfdwlrq iurp U)G edvhg jurzwk prghov lv wkdw

vrph srvlwlyh pdun0xsv vkrxog h{lvw lq doo lqgxvwulhv wkdw shuirup U)G1 Wklv lv fohduo|

vxssruwhg e| wkh gdwd/ dv pdun0xsv duh srvlwlyh lq qhduo| doo ri wkh lqyhvwljdwhg lqgxvwulhv1

Wklv uhvxow lv fohdu hylghqfh lq idyru ri U)G edvhg prghov ri jurzwk/ glvwlqjxlvklqj lw

iurp dowhuqdwlyh jurzwk wkhrulhv1

Ryhudoo wkh uhvxowv uhsruwhg vr idu vxssruw hqgrjhqrxv jurzwk wkhru|/ sduwlfxoduo|

U)G edvhg prghov1 Wkh suhvhqfh ri pdun0xsv dqg hfrqrplhv ri vfdoh lv frq�uphg iru

qhduo| doo ri wkh lqyhvwljdwhg lqgxvwulhv1 Wkhuh lv dovr vrph 0 dowkrxjk udwkhu zhdn 0

hylghqfh/ wkdw erwk pdun0xsv dqg hfrqrplhv ri vfdoh duh olqnhg wr wkh dprxqw ri U)G

dfwlylw|1 Wkh qh{w vhfwlrq h{soruhv krz wkhvh �qglqjv frpsduh wr hduolhu uhvxowv1

718 Frpsdulvrq zlwk wkh H{lvwlqj Olwhudwxuh

Dowkrxjk hduolhu vwxglhv w|slfdoo| glg qrw dlp dw lqyhvwljdwlqj pdun0xsv/ hfrqrplhv ri

vfdoh dqg wkh uroh ri nqrzohgjh lq dq lqwhjudwhg dssurdfk wr vwxg| wkh uhodwlrqvkls

ehwzhhq wkhvh ihdwxuhv/ pdq| uhvhdufkhuv kdyh lqyhvwljdwhg hlwkhu pdun0xsv ru hfrqrplhv

ri vfdoh vhsdudwho|1

Rqh ri wkh hduolhvw dqg prvw surplqhqw h{dpsohv ri d whvw iru pdunhw0srzhu lq wkh
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Vrorz uhvlgxdo iudphzrun lv Kdoo*v +4<;;, dqdo|vlv1 Kh uhjuhvvhv wkh vkduh0zhljkwhg idfwru

lqfrph jurzwk rq rxwsxw jurzwk wr hvwlpdwh wkh lqyhuvh ri wkh pdun0xs zlwk wzr0vwdjh

ohdvw vtxduhv1 Hvwlpdwhg pdun0xsv duh vxevwdqwldo iru prvw lqgxvwulhv/ udqjlqj ehwzhhq

��HS lq wkh vhuylfhv vhfwru dqg ��H lq wudgh1 Lq dq hvwlpdwlrq zlwk ixuwkhu lqgxvwu|

ghwdlo/ prvw hvwlpdwhv ri wkh pdun0xsv udqjh ehwzhhq 418 dqg 61 D fdyhdw dssolhv wr

wkhvh uhvxowv/ wkrxjk/ dv Kdoo grhv qrw lqfoxgh pdwhuldo lqsxwv lq klv uhjuhvvlrq/ xvlqj

ydoxh dgghg udwkhu wkdq jurvv rxwsxw dv klv rxwsxw phdvxuh1 Wklv lv olnho| wr uhvxow lq

dq xszdug eldv ri wkh hvwlpdwhg pdun0xs dv kh vkrzv lq klv sdshu1 Wklv vxvslflrq lv

frq�uphg lq Grprzlw}/ Kxeedug ) Shwhuvhq*v +4<;;, vwxg| zkr xvh kljko| glvdjjuhjdwhg

XV pdqxidfwxulqj jurvv rxwsxw gdwd wr yhuli| Kdoo*v uhvxow1 Wkh hvwlpdwhg vl}h ri wkh

pdun0xs lv pxfk vpdoohu wkdq lq Kdoo*v vwxg|/ ydu|lqj ehwzhhq 416; lq wkh sulpdu|

phwdov lqgxvwu| dqg 5138 lq wkh sxeolvklqj dqg sulqwlqj lqgxvwu|1 Prvw hvwlpdwhv duh

frqvlghudeo| ehorz 51

Ehffduhoor +4<<9, xvhv dq hduolhu yhuvlrq ri wkh VWDQ gdwdedvh wr lqyhvwljdwh pdun0

xsv lq RHFG lqgxvwulhv1 Klv pdun0xs hvwlpdwhv ydu| lq d zlghu udqjh dqg duh jhqhudoo|

kljkhu wkdq wkh hvwlpdwhv suhvhqwhg lq wkh suhylrxv vhfwlrq1 Wkh dyhudjh ri wkh lqgxvwu|

pdun0xs dfurvv frxqwulhv udqjhv iurp 413: lq Jhupdq| wr 41;< lq Mdsdq1 Pdq| hvwlpdwhv

iru lqglylgxdo lqgxvwulhv duh zhoo deryh 51 Wkh gl�huhqfh lq uhvxowv fdq hdvlo| eh h{sodlqhg

dv Ehffduhoor hpsor|v dq hduolhu yhuvlrq ri wkh VWDQ gdwdedvh/ zklfk irufhv klp wr xvh

ydoxh0dgghg gdwd1 Dv rxwolqhg ehiruh/ wklv lv olnho| wr fdxvh dq xszdug eldv lq wkh

hvwlpdwhv1

Lw lv d jhqhudo revhuydwlrq wkdw pdun0xs hvwlpdwhv duh kljkhu dqg ydu| pruh zkhq

ydoxh0dgghg gdwd lv xvhg1 Wklv skhqrphqrq lv dovr uhyhdohg zkhq frpsdulqj Urhjhu*v

+4<<8, dqg Rolyhlud Pduwlqv/ Slodw ) Vfdushwwd*v +4<<9, uhvxowv/ zkr pdnh xvh ri wkh

qrplqdo yhuvlrq ri wkh Vrorz uhvlgxdo wr ghyhors d iudphzrun wkdw doorzv wkhp wr hvwlpdwh

zlwkrxw lqvwuxphqwv1 Wklv lv dq dgydqwdjh/ ehfdxvh dssursuldwh lqvwuxphqwv duh yhu|

gl!fxow wr �qg1 Urhjhu/ zkr xvhv Kdoo*v ydoxh0dgghg gdwdvhw/ �qgv pdun0xsv ydu|lqj

ehwzhhq 416 dqg 6147 lq gl�huhqw lqgxvwulhv/ dowkrxjkprvw hvwlpdwhv duh ehorz 51 Rolyhlud
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Pduwlqv/ Slodw ) Vfdushwwd*v hvwlpdwhv rewdlqhg zlwk qrplqdo RHFG lqgxvwu| jurvv

rxwsxw gdwd duh orzhu/ ydu|lqj ehwzhhq 4136 dqg 41;1

Fodvvli|lqj wkh lqgxvwulhv lq wkhlu vdpsoh zlwk uhvshfw wr uhodwlyh hvwdeolvkphqw vl}h

dqg U)G lqwhqvlw|/ Rolyhlud Pduwlqv/ Slodw ) Vfdushwwd �qg wkdw pdun0xsv whqg wr eh

kljkhu lq lqgxvwulhv zlwk orz dyhudjh hvwdeolvkphqw vl}h1 Zlwklq wkh jurxs ri orz dqg

kljk dyhudjh hvwdeolvkphqw vl}h uhvshfwlyho|/ pdun0xsv whqg wr eh kljkhu lq lqgxvwulhv

zlwk kljk U)G0lqwhqvlw|1 Wklv uhvxow/ ri frxuvh/ lv sduwlfxoduo| lqwhuhvwlqj iurp wkh

srlqw ri ylhz ri hqgrjhqrxv jurzwk wkhru| zklfk suhglfwv wkdw pdunhw0srzhu vkrxog eh

dvvrfldwhg zlwk U)G dfwlylw|1

Wkh rqo| vwxg| wkdw grhv qrw xqhtxlyrfdoo| srlqw wrzdugv srvlwlyh pdun0xsv lv Sdtxhw

) Urxelgrx{*v +5334, lqyhvwljdwlrq zlwk djjuhjdwh Fdqdgldq gdwd1 Wkh| rewdlq dq

hvwlpdwh ri > wkdw lv vljql�fdqwo| odujhu wkdq 4 zlwk xqdgmxvwhg gdwd1 \hw/ zkloh wkh

srlqw hvwlpdwh lv vwloo 416:: zkhq wkh fdslwdo vwrfn vhulhv lv dgmxvwhg iru ydu|lqj fdsdflw|

xwlol}dwlrq/ wkh hvwlpdwh lv vr lpsuhflvh wkdw wkh k|srwkhvlv ri frqvwdqw uhwxuqv fdqqrw eh

uhmhfwhg1 Lw vkrxog eh qrwhg/ krzhyhu/ wkdw wkh dxwkruv hvwlpdwh d ydoxh dgghg yhuvlrq

ri +619, frqmhfwxulqj 0 vlplodu wr Kdoo +4<;;, 0 wkdw uhwxuqv wr vfdoh duh frqvwdqw/ vr wkdw

wkh odvw whup lq wkh htxdwlrq glvdsshduv1 \hw/ lw lv yhu| olnho| wkdw lqfuhdvlqj uhwxuqv

dqg pdunhw srzhu frph wrjhwkhu1 Iluvw/ pdunhw srzhu lv qhfhvvdu| lq rughu qrw wr lqfxu

orvvhv zlwk dq lqfuhdvlqj uhwxuqv wr vfdoh whfkqrorj|1 Vhfrqgo|/ �{hg frvwv dqg rwkhu

vrxufhv ri lqfuhdvlqj uhwxuqv duh olnho| fdqglgdwhv wr suhyhqw idfwruv iurp hduqlqj wkhlu

pdujlqdo surgxfwv1

Zkhq xvlqj wkh gxdo iudphzrun wr hvwlpdwh pdun0xsv/ uhvhdufkhuv riwhq dsshqg dq

lqyhuvh rxwsxw ghpdqg ixqfwlrq wr wkhlu idfwru ghpdqg v|vwhp1 Wkh pdun0xs lq wkh

sur�w pd{lpl}dwlrq frqglwlrq lv wkhq fdofxodwhg dv > ' �
�n0�t

+vhh iru h{dpsoh Nlp

) Qdglul +4<<9e,/ Qdglul ) Qdqgl +4<<<,/ Pruulvrq +4<<3, dqg Nzrq ) Sdun +4<<8,,/

zkhuh 0�t ghqrwhv wkh sulfh hodvwlflw| ri pdunhw ghpdqg1 Lq doo ri wkhvh vwxglhv pdun0

xsv duh irxqg wr eh srvlwlyh1 Krzhyhu/ wklv dssurdfk lpsolflwo| dvvxphv d prqrsrolvwlf

pdunhw0vwuxfwxuh1 Wr dyrlg wklv/ Ehuqvwhlq ) Prkqhq +4<<4, ghyhors d frvw ixqfwlrq dqg
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idfwru ghpdqg v|vwhp zklfk doorzv wkhp wr hvwlpdwh wkh pdunhw hodvwlflw| ri ghpdqg

dqg wkh frqmhfwxudo hodvwlflw| ri roljrsrolvwlf �upv mrlqwo|1 Wkh frqmhfwxudo hodvwlflw| lv

wkh shufhqwdjh fkdqjh ri pdunhw rxwsxw gxh wr d rqh shufhqw fkdqjh ri �up ��r rxwsxw1

Dsso|lqj wkhlu prgho wr wkuhh Fdqdgldq lqgxvwulhv wkh dxwkruv �qg vljql�fdqw pdun0xsv

udqjlqj iurp 415 lq wkh fkhplfdo lqgxvwu| wr 41; lq wkh hohfwulfdo pdfklqhu| lqgxvwu|1

Dowhuqdwlyho|/ vrph dxwkruv hvwlpdwh rqo| wkh pdun0xs/ dqg qrw wkh sulfh hodvwlflw|

ri pdunhw ghpdqg/ xvlqj d vshfl�fdwlrq vlplodu wr wkh rqh xvhg lq wklv vwxg|1 Iodlj

) Vwhlqhu +4<<3, prgho wkhlu pdun0xs whup lq d txlwh jhqhudo zd| wr doorz iru erwk d

wuhqg dqg f|folfdo yduldwlrq1 Wkh hvwlpdwhv rewdlqhg zlwk Jhupdq lqgxvwu| gdwd duh

idluo| vwdeoh ryhu wlph1 Wkh dyhudjh hvwlpdwh ri wkh pdun0xs udqjhv ehwzhhq 4138 lq wkh

irrg lqgxvwu| dqg 417<; lq wkh fkhplfdo surgxfwv lqgxvwu|1 Pdpxqhdv +4<<<, hvwlpdwhv

pdun0xsv iru XV kljk0whfk lqgxvwulhv wkdw duh frqmhfwxuhg wr eh frqvwdqw1 Klv hvwlpdwhv

lpso| pdun0xsv wkdw udqjh ehwzhhq 4134 iru fkhplfdo surgxfwv dqg 519< lq wkh hohfwulfdo

lqgxvwu|1

Lq jhqhudo/ hvwlpdwhv rewdlqhg zlwklq wkh sulpdo dqg wkh gxdo dssurdfk uhvshfwlyho|

gr qrw vhhp wr gl�hu pxfk1 Wkh fuxfldo idfwru zkhq hvwlpdwlqj pdun0xsv dsshduv wr

eh wkh gh�qlwlrq ri rxwsxw1 Lw fdq eh vkrzq wkdw wkh xvh ri ydoxh0dgghg gdwd eldvhv

uhvxowv xszdugv1 Lq idfw/ hvwlpdwhv rewdlqhg zlwk jurvv rxwsxw gdwd duh jhqhudoo| orzhu

wkdq wkrvh rewdlqhg zlwk ydoxh0dgghg gdwd1 Uhjdugohvv ri wkh rxwsxw gh�qlwlrq xvhg

lq sulru lqyhvwljdwlrqv/ pdun0xs hvwlpdwhv rewdlqhg lq wklv vwxg| duh lq jhqhudo pruh

krprjhqhrxv dqg orzhu1 Prvwo| udqjlqj durxqg 415 dqg ehlqj zhoo ehorz 418 iru hyhu|

lqgxvwu|/ wkh| vhhp lq idfw pxfk pruh uhdolvwlf wkdq pdq| hvwlpdwhv suhvhqwhg ehiruh1

Wklv hqfrxudjlqj �qglqj frxog eh gxh wr wkh hpslulfdo iudphzrun/ zklfk doorzv erwk

iru frqvlghudeoh  h{lelolw| dv idu dv wkh ixqfwlrqdo irup lv frqfhuqhg dqg iru yhu| jhqhudo

vkruw0whup ghyldwlrqv iurp htxloleulxp1

Iurp wkh srlqw ri ylhz ri U)G edvhg jurzwk wkhrulhv/ wkh lpsruwdqw erwwrp0olqh

lv wkdw wkh suhvhqfh ri pdunhw0srzhu lq prvw lqgxvwulhv lv d yhu| urexvw uhvxow lq wkh

hpslulfdo olwhudwxuh1 Pdun0xsv wkdw duh vljql�fdqwo| juhdwhu wkdq rqh duh irxqg zlwk

<<



pdq| gl�huhqw gdwdvhwv dqg hvwlpdwlrq phwkrgv1

Dv idu dv hfrqrplhv ri vfdoh duh frqfhuqhg/ wkh �qglqj ri prghudwho| lqfuhdvlqj uhwxuqv

wr vfdoh lv d yhu| frpprq uhvxow ri zrun edvhg rq wkh frvw ixqfwlrq dssurdfk1 Vwxglhv zlwk

uhvxowv lq d vlplodu udqjh dv wkrvh suhvhqwhg lq wkh suhylrxv vhfwlrq lqfoxgh Iodlj ) Vwhlqhu

+4<<6,/ Nzrq ) Sdun +4<<8,/ Pdpxqhdv +4<<<,/ Nlp ) Qdglul +4<<9e,/ Pruulvrq Sdxo

) Vlhjho +4<<:,/ Pruulvrq Sdxo ) Vlhjho +4<<<, dqg Qdglul ) Qdqgl +4<<<,1 Lq frqwudvw/

uhvxowv rewdlqhg zlwk wkh Vrorz uhvlgxdo dssurdfk duh pxfkpruh pl{hg dqg frqwuryhuvldo1

Xvlqj dq h{whqvlrq ri klv iudphzrun wr lqyhvwljdwh pdun0xsv/ Kdoo +4<<3, �qgv vlj0

ql�fdqw lqfuhdvlqj uhwxuqv wr vfdoh lq doo lqgxvwulhv kh lqyhvwljdwhv1 Klv hvwlpdwhv duh

sduwlfxoduo| kljk1 Rqo| iru wkuhh rxw ri 56 lqgxvwulhv lv wkh hvwlpdwh ehorz 4161 Lq 46

fdvhv lw lv deryh 51 Kdoo*v phwkrg/ krzhyhu/ kdv ehhq fulwlfl}hg/ ehfdxvh kh hvwlpdwhv

wkh lqyhuvh ri wkh udwh ri uhwxuqv wr vfdoh udwkhu wkdq hvwlpdwlqj lw gluhfwo|1 Eduwhovpdqq

+4<<8, srlqwv rxw wkdw wkh hvwlpdwh ri wkh lqyhuvh ri d sdudphwhu lv qrw htxdo wr wkh lq0

yhuvh ri lwv hvwlpdwh/ dqg wkdw wklv sureohp fdqqrw eh ryhufrph e| lqvwuxphqwdo yduldeoh

hvwlpdwlrq1 Xvlqj Kdoo*v gdwd/ kh �qgv wkdw wkh gluhfw hvwlpdwh ri udwh ri uhwxuqv wr vfdoh

lv pxfk vpdoohu wkdq lwv vl}h lpsolhg e| wkh hvwlpdwh ri lwv lqyhuvh1

Edvx dqg Ihuqdog dovr txhvwlrq Kdoo*v fkrlfh ri lqvwuxphqwv dv ehlqj rqo| zhdno|

fruuhodwhg zlwk wkh h{sodqdwru| yduldeohv1 Dujxlqj wkdw Kdoo* v lqvwuxphqwv duh qrw rqo|

zhdn exw hyhq edg/ lq wkh vhqvh wkdw wkh| duh fruuhodwhg zlwk wkh huuruv/ Edvx dqg Ihuqdog

frqfoxgh wkdw wkh uhvxow ri odujh lqfuhdvlqj uhwxuqv wr vfdoh lv gxh wr d frqvlghudeoh eldv1

Hpsor|lqj ydoxh0dgghg gdwd vlplodu wr Kdoo*v/ wkh| hyhq �qg hylghqfh ri ghfuhdvlqj

uhwxuqv wr vfdoh lq wkh dyhudjh pdqxidfwxulqj lqgxvwu|1 D vlplodu uhvxow lv rewdlqhg zlwk

jurvv rxwsxw gdwd1

Lq idfw/ lw lv qrw xqfrpprq lq vwxglhv edvhg rq wkh sulpdo dssurdfk wr �qg frqvwdqw

ru hyhq ghfuhdvlqj uhwxuqv wr vfdoh1 Wkh gl!fxow| ri rewdlqlqj frqylqflqj hvwlpdwhv ri

wkh udwh ri uhwxuqv wr vfdoh lq surgxfwlrq ixqfwlrq hvwlpdwlrqv lv uhodwhg wr d zhoo nqrzq

sx}}oh= Fdslwdo riwhq dsshduv wr sod| qr uroh lq surgxfwlrq ixqfwlrq hvwlpdwlrqv1 Wklv

�qglqj kdv ehhq vwuhvvhg e| Oxfdv +4<:3, dqg Ehuqdqnh ) Sdunlqvrq +4<<4,/ dprqj rwk0
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huv1 Dowkrxjk wkhlu vwxglhv gl�hu zlwk uhvshfw wr gdwd vhwv/ vdpsoh shulrgv dqg hvwlpdwlrq

phwkrgv/ wkh| doo duulyh dw wkh vdph frqfoxvlrq= fdslwdo hqwhuv wkh hvwlpdwhg surgxfwlrq

ixqfwlrq hlwkhu zlwk wkh zurqj vljq ru qrw dw doo1 Wklv uhvxow/ zklfk lv fhuwdlqo| qrw frp0

sdwleoh zlwk wkhru| e| dq| phdqv/ dovr lpsolhv d grzqzdug eldv lq wkh hvwlpdwhg udwh ri

uhwxuqv wr vfdoh/ vlqfh wklv lv phdvxuhg e| wkh vxp ri wkh idfwruv* surgxfwlrq hodvwlflwlhv1

Lpsodxvleoh hvwlpdwhv rewdlqhg zlwk wkh Vrorz uhvlgxdo dssurdfk duh riwhq dwwulexwhg

wr d idloxuh wr dffrxqw iru ydu|lqj fdsdflw| xwlol}dwlrq1 Exuqvlgh/ Hlfkhqedxp ) Uhehor

+4<<8, wu| wr ryhufrph wklv sureohp e| fruuhfwlqj wkh fdslwdo lqsxw gdwd iru f|folfdo ydul0

dwlrq1 Zlwk gl�huhqw XV jurvv rxwsxw gdwd vhwv dqg lqvwuxphqwv/ wkhlu uhvxowv xqlirupo|

lpso| frqvwdqw uhwxuqv wr vfdoh1 Exuqvlgh +4<<9, �qgv vlplodu uhvxowv dfurvv gl�huhqw

gdwd dqg lqvwuxphqw vhwv1 Zkloh �qglqj lqfuhdvlqj uhwxuqv zlwk xqdgmxvwhg gdwd/ Sd0

txhw ) Urxelgrx{ +5334, rewdlq d srlqw hvwlpdwh ri wkh udwh ri uhwxuqv wr vfdoh wkdw lv

hyhq vpdoohu wkdq rqh diwhu dgmxvwlqj wkhlu fdslwdo vwrfn vhulhv zlwk d fdsdflw| xwlol}dwlrq

phdvxuh/ dowkrxjk wkh| fdqqrw uhmhfw wkh k|srwkhvlv ri frqvwdqw uhwxuqv1

Zlwk djjuhjdwh XV gdwd Edvx ) Ihuqdog +4<<:, �qg hylghqfh iru lqfuhdvlqj uhwxuqv/

zkloh wkh| �qg hyhq ghfuhdvlqj uhwxuqv zlwk lqgxvwu| gdwd1 Wklv lv vlplodu wr wkh uhvxowv

ri Fdedoohur ) O|rqv +4<<5, zkr �qg d kljkhu udwh ri uhwxuqv wr vfdoh zlwk djjuhjdwh

XV gdwd wkdq zlwk lqgxvwu| gdwd1 Fdedoohur dqg O|rqv lqwhusuhw wklv dv hylghqfh iru

surgxfwlyh vslooryhuv ru �wklfn0pdunhw� h{whuqdolwlhv1 Wkh| vxvshfw dq h{whuqdo vrxufh ri

hfrqrplhv ri vfdoh1 Lq idfw/ zkhq lqfoxglqj djjuhjdwh surgxfwlrq lq wkh uhjuhvvlrq wkh|

�qg d srvlwlyh lpsdfw rq lqgxvwu| rxwsxw zklfk wkh| ylhz dv d frq�updwlrq iru wkhlu

lqwhusuhwdwlrq1 Lq wkhlu zrun rq Hxurshdq lqgxvwulhv +Fdedoohur ) O|rqv 4<<3,/ wkh| xvh

djjuhjdwh lqsxw jurzwk udwkhu wkdq rxwsxw jurzwk wr dffrxqw iru surgxfwlyh vslooryhuv1

Wkh hvwlpdwh ri wkhlu vslooryhu yduldeoh lv srvlwlyh dqg vljql�fdqw iru prvw lqgxvwulhv1

Krzhyhu/ Edvx ) Ihuqdog +4<<8, dujxh wkdw wklv hylghqfh iru surgxfwlyh vslooryhuv lv

gxh wr vshfl�fdwlrq huuru/ qdpho| wkh rplvvlrq ri pdwhuldo lqsxwv1 Wkh| vkrz wkhruhwl0

fdoo| wkdw pdwhuldo lqsxwv lq xhqfh ydoxh dgghg gluhfwo| zkhq pdunhw srzhu lv suhvhqw1

Wklv lv wuxh/ ehfdxvh lqfrph vkduhv/ zklfk duh xvhg wr ghgxfw pdwhuldo lqsxwv iurp jurvv
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rxwsxw wr rewdlq ydoxh dgghg/ gr qrw phdvxuh wkh surgxfwlyh frqwulexwlrq ri pdwhuldo

lqsxwv fruuhfwo|/ zkhq sulfhv gr qrw htxdo pdujlqdo frvwv1 Vlqfh erwk lqsxw dqg rxwsxw

jurzwk pd| sur{| pdwhuldo lqsxwv/ wkh hylghqfh iru surgxfwlyh vslooryhuv pljkw eh gxh

wr dq rplwwhg yduldeoh eldv14

Edvx ) Ihuqdog +4<<:, vkrz wkdw djjuhjdwlrq pd| eldv wkh hvwlpdwh ri wkh udwh ri

uhwxuqv wr vfdoh lq hlwkhu gluhfwlrq1 Wklv lv ylhzhg dv dq h{sodqdwlrq zk| wkh hvwlpdwh ri

wkh udwh ri uhwxuqv wr vfdoh gl�huv vrphwlphv ghshqglqj rq wkh ohyho ri djjuhjdwlrq dqg

iru wkh 0 wkhruhwlfdoo| sx}}olqj/ exw hpslulfdoo| qrw xqfrpprq 0 �qglqj ri ghfuhdvlqj

uhwxuqv wr vfdoh dw wkh lqgxvwu| ohyho1

Qhyhuwkhohvv/ Eduwhovpdq/ Fdedoohur ) O|rqv +4<<7, �qg hylghqfh iru surgxfwlyh h{0

whuqdolwlhv zlwk XV jurvv rxwsxw gdwd dw wkh irxu0gljlw ohyho1 Prvw ri wkhlu hvwlpdwhv lpso|

prghudwh lqwhuqdo lqfuhdvlqj uhwxuqv wr vfdoh1 Xvlqj wkh vdph gdwdvhw/ Pruulvrq Sdxo )

Vlhjho +4<<:, frq�up hylghqfh iru erwk lqwhuqdo dqg h{whuqdo hfrqrplhv ri vfdoh zlwk

d g|qdplf frvw ixqfwlrq iudphzrun lqfoxglqj pdwhuldo lqsxwv dqg doorzlqj iru ydu|lqj

fdsdflw| xwlol}dwlrq ru txdvl0�{lw| ri vrph ri wkh idfwruv1 Vlqfh wkh gdwd xvhg lq wkhvh wzr

vwxglhv lv txlwh glvdjjuhjdwh dqg grhv lqfoxgh pdwhuldo lqsxwv/ Edvx ) Ihuqdog*v +4<<8,

fulwltxh lv kdugo| dssolfdeoh1 Ryhudoo/ wkhuh vhhpv wr eh dw ohdvw vrph uholdeoh hylghqfh

lq idyru ri voljkwo| lqfuhdvlqj uhwxuqv wr vfdoh gxh wr lqwhuqdo dqg srvvleo| wr h{whuqdo

uhwxuqv wr vfdoh1

Uhvxowv rq hfrqrplhv ri vfdoh rewdlqhg zlwklq wkh sulpdo dssurdfk duh pxfk pruh

frqwudglfwru| dqg ghedwhg wkdq wkrvh rewdlqhg zlwk frvw ixqfwlrq hvwlpdwlrqv1 \hw/ lw

lv qrw gl!fxow wr dujxh wkdw uhvxowv rewdlqhg zlwk d frvw ixqfwlrq duh olnho| wr eh pruh

uholdeoh1 Iluvw/ prvw ri wkh surgxfwlrq ixqfwlrq hvwlpdwlrqv dqg wkh frqvwuxfwlrq ri wkh

Vrorz uhvlgxdo lq vwxglhv glvfxvvhg lq wklv vhfwlrq duh edvhg rq wkh Free0Grxjodv ixqfwlrq1

Lq frqwudvw/ wkh frvw ixqfwlrq vwxglhv w|slfdoo| uho| rq  h{leoh ixqfwlrqdo irupv/ zklfk duh

pxfk pruh jhqhudo1 Pruhryhu/ d qxpehu ri uhvhdufkhuv zkr xvh wkh Kdoo2Vrorz uhvlgxdo

iudphzrun dwwhpsw wr fruuhfw wkhlu gdwd iru idfwruv vxfk dv ydu|lqj fdslwdo xwlol}dwlrq

4Wkhlu dujxphqw lv suhvhqwhg lq pruh ghwdlo lq dsshqgl{ F
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+Edvx 4<<9/ Exuqvlgh 4<<9, dqg oderu krduglqj +Exuqvlgh/ Hlfkhqedxp ) Uhehor 4<<6,/

ehfdxvh d idloxuh wr dffrxqw iru wklv lv iuhtxhqwo| eholhyhg wr eldv uhvxowv1 Wkh gxdo

iudphzrun/ lq frqwudvw/ uhdglo| hqfrpsdvvhv ydu|lqj fdsdflw| xwlol}dwlrq zlwkrxw d qhhg

wr uhfxu wr fruuhfwlrq ri wkh gdwd1 Lq idfw/ wkh srvvlelolw| wr prgho vorz dgmxvwphqw ri

wkh fdslwdo vwrfn wr htxloleulxp lv h{sorlwhg lq doo ri wkh gxdo vwxglhv suhvhqwhg lq wklv

vhfwlrq1

Wkh gl!fxow| wr hvwlpdwh surgxfwlrq hodvwlflwlhv dqg wkxv hfrqrplhv ri vfdoh fruuhfwo|

lv dovr uhyhdohg e| wkh revhuydwlrq/ wkdw wkh hvwlpdwhg rxwsxw hodvwlflw| ri sk|vlfdo fdslwdo

whqgv wr eh orzhu lq vwxglhv wkdw vwuhvv wkh wlph0glphqvlrq udwkhu wkdq wkh furvv0vhfwlrq

glphqvlrq ri wkh gdwd1 Erwk Pdluhvvh ) Vdvvhqrx +4<<4, dqg Qdglul +4<<6, srlqw wr wklv

idfw lq wkhlu ryhuylhz duwlfohv glvfxvvlqj vwxglhv wkdw wu| wr dvvhvv wkh lpsdfw ri U)G

rq surgxfwlylw|1 Pdluhvvh ) Vdvvhqrx +4<<4, dwwulexwh wklv skhqrphqrq wr froolqhdulw|

ri erwk sk|vlfdo dqg U)G fdslwdo zlwk d wlph wuhqg1 Pruhryhu/ wkh| srlqw rxw wkdw

eldvhv gxh wr udqgrp phdvxuhphqw huuruv ru rplvvlrq ri yduldeohv fdswxulqj vkruw0whup

dgmxvwphqwv wr exvlqhvv0f|fohv duh olnho| wr eh vwurqjhu lq wlph0vhulhv wkdq lq furvv0vhfwlrq

gdwd1 Wkhuh vhhp wr eh d qxpehu ri uhdvrqv zk| hvwlpdwhv ri wkh surgxfwlrq hodvwlflw|

ri fdslwdo pd| eh vxvshfwhg wr eh grzqzdug eldvhg lq d sulpdo iudphzrun1 Ri frxuvh/

dq hvwlpdwh ri wkh rxwsxw hodvwlflw| ri sk|vlfdo fdslwdo zklfk lv eldvhg grzqzdug gluhfwo|

uhvxowv lq d grzqzdug eldv ri wkh hvwlpdwhg udwh ri uhwxuqv wr vfdoh1

Wdnlqj wkh qxphurxv sureohpv dvvrfldwhg zlwk wkh sulpdo dssurdfk lqwr frqvlghu0

dwlrq/ wkhuh lv hqrxjk uhdvrq wr frqfoxgh wkdw ryhudoo wkh h{lvwlqj hpslulfdo olwhudwxuh

srlqwv wrzdugv voljkwo| lqfuhdvlqj uhwxuqv wr vfdoh1

719 Lpsolfdwlrqv iru Jurzwk Wkhru| dqg Hpslulfv

Vr idu/ wkh Vrorz uhvlgxdo kdv ehhq kljko| srsxodu lq hpslulfdo zrun rq U)G edvhg

jurzwk prghov1 \hw/ uho|lqj rq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw

uhwxuqv wr vfdoh/ lw pd| qrw eh wkh ehvw iudphzrun wr lqyhvwljdwh wkh uroh ri nqrzohgjh
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iru hfrqrplf jurzwk/ vlqfh U)G edvhg prghov ri jurzwk lpso| wkh suhvhqfh ri hfrqrplhv

ri vfdoh dqg pdunhw srzhu1 Lq wkdw fdvh/ wkh Vrorz uhvlgxdo lv eldvhg xszdug dv d phdvxuh

ri surgxfwlylw| jurzwk1

Uhvxowv suhvhqwhg lq wklv fkdswhu lqghhg vxjjhvw wkh suhvhqfh ri erwk hfrqrplhv ri

vfdoh dqg pdunhw srzhu1 Wklv lpsolhv wkdw hqgrjhqrxv jurzwk wkhru| vhhpv wr eh hpslul0

fdoo| pruh uhohydqw wkdq wkh qhrfodvvlfdo jurzwk prgho zklfk uholhv rq frqvwdqw uhwxuqv wr

vfdoh dqg shuihfw frpshwlwlrq1 Zkloh hfrqrplhv ri vfdoh pd| eh lqwhusuhwhg dv hylghqfh

lq idyru ri jurzwk prghov zlwk h{whuqdolwlhv ru U)G edvhg jurzwk prghov/ pdunhw srzhu

lv d exloglqj eorfn ri wkh odwwhu fodvv ri jurzwk wkhrulhv dorqh1 Wkhuh lv dovr vrph hylghqfh

wkdw erwk pdun0xsv dqg hfrqrplhv ri vfdoh duh olqnhg wr wkh dprxqw ri U)G dfwlylw|

dq lqgxvwu| shuirupv1 Krzhyhu/ dowkrxjk wkhvh uhvxowv duh fhuwdlqo| lqwhuhvwlqj iurp wkh

srlqw ri ylhz ri U)G edvhg jurzwk prghov/ wkh| duh ghulyhg iurp dg krf uhjuhvvlrqv

edvhg rq yhu| olwwoh wkhru|/ vr wkh| vkrxog eh lqwhusuhwhg zlwk vrph fdxwlrq1

Dv wkhru| zrxog vxjjhvw lq wkh suhvhqfh ri pdunhw srzhu dqg hfrqrplhv ri vfdoh/ wkh

gxdo phdvxuh ri surgxfwlylw| jurzwk ghulyhg iurp wkh frvw ixqfwlrq dqg idfwru ghpdqg

v|vwhp hvwlpdwlrq lpsolhv vorzhu whfkqrorjlfdo fkdqjh wkdq wkh Vrorz uhvlgxdo/ zklfk lv

xszdug eldvhg zkhq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh

gr qrw krog1 Dqrwkhu lqwhuhvwlqj uhvxow ri wklv fkdswhu lv wkdw wrwdo idfwru surgxfwlylw|

dv phdvxuhg e| wkh Vrorz uhvlgxdo glvsod|v pxfk kljkhu f|folfdo yduldwlrq wkdq wkh gxdo

phdvxuh ri surgxfwlylw| jurzwk/ zklfk lv udwkhu vprrwk1 Wklv fkdudfwhulvwlf ri wkh sulpdo

phdvxuh ri surgxfwlylw| jurzwk lv olnho| wr eh d �jphqw ri xqrevhuyhg f|folfdo yduldwlrq lq

idfwru xwlol}dwlrq1 Lq frqwudvw wr wkh Vrorz uhvlgxdo/ wkh idfwru ghpdqg v|vwhp lq wkh huuru

fruuhfwlrq irup grhv dffrxqw iru ydu|lqj fdsdflw| xwlol}dwlrq doorzlqj iru yhu| jhqhudo

ghyldwlrqv iurp htxloleulxp lq wkh vkruw uxq1 Wkh srvvlelolw| wr ghulyh d surgxfwlylw|

jurzwk phdvxuh wkdw grhv qrw vx�hu iurp d vsxulrxv f|folfdo frpsrqhqw dsshduv dv d

gh�qlwh dgydqwdjh ryhu wkh sulpdo dssurdfk1

Wkh uhvxowv frqfhuqlqj wkh suhvhqfh ri pdunhw srzhu dqg hfrqrplhv ri vfdoh dovr vhhp

wr �w zhoo lqwr wkh h{lvwlqj olwhudwxuh1 Lq pdq| uhvshfwv/ wkh hvwlpdwhv suhvhqwhg lq wklv
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fkdswhu vhhp pruh uholdeoh wkdq pdq| ri wkh uhvxowv suhvhqwhg ehiruh1 Wkh vl}h ri wkh

pdun0xs hvwlpdwhv lv orzhu dqg lq h�hfw pruh uhdolvwlf wkdq lq pdq| hduolhu vwxglhv1 Wklv

pd| yhu| zhoo eh gxh wr wkh hpslulfdo iudphzrun fkrvhq lq wklv vwxg|/ zklfk lv erwk

 h{leoh/ dv idu dv wkh ixqfwlrqdo irup lv frqfhuqhg/ dqg doorzv iru yhu| jhqhudo irupv ri

ydu|lqj fdsdflw| xwlol}dwlrq1 D idloxuh wr dffrxqw iru xqrevhuyhg yduldwlrq lq fdsdflw|

xwlol}dwlrq pd| dovr eh rqh dprqj pdq| rwkhu uhdvrqv zk| sulru vwxglhv lqyhvwljdwlqj

hfrqrplhv ri vfdoh edvhg rq surgxfwlrq ixqfwlrq hvwlpdwlrqv ru wkh Vrorz uhvlgxdo frph

xs zlwk vr pdq| frq lfwlqj uhvxowv/ zkloh hvwlpdwhv edvhg rq wkh frvw ixqfwlrq dssurdfk

xqdqlprxvo| vxjjhvw wkh suhvhqfh ri hfrqrplhv ri vfdoh1

Ryhudoo/ wkh iudphzrun xvhg lq wklv vwxg| vhhpv wr uhvroyh pdq| ri wkh sureohpv

dvvrfldwhg zlwk wkh Vrorz uhvlgxdo iudphzrun1 Vlqfh lw dovr rshqv wkh srvvlelolw| wr

lqyhvwljdwh doo ri wkh pruh uhohydqw ihdwxuhv ri U)G edvhg jurzwk prghov lq dq lqwhjudwhg

dssurdfk/ lw dsshduv d sduwlfxoduo| zhoo vxlwhg iudphzrun wr lqyhvwljdwh wklv w|sh ri

wkhrulhv1 Vxjjhvwlqj wkh suhvhqfh ri pdunhw srzhu dqg hfrqrplhv ri vfdoh/ wkh hpslulfdo

hylghqfh suhvhqwhg lq wklv fkdswhu lv yhu| pxfk lq idyru ri U)G edvhg jurzwk wkhrulhv1

Dw wkh vdph wlph/ erwk wkh wkhru| suhvhqwhg lq wkh vhfrqg fkdswhu dqg wkh hpslulfdo

hylghqfh fdoo iru d iudphzrun wr hvwlpdwh surgxfwlylw| jurzwk wkdw grhv qrw klqjh rq wkh

dvvxpswlrqv ri frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frpshwlwlrq zkhq lqyhvwljdwlqj wkh

lpsdfw ri U)G rq whfkqlfdo fkdqjh1
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814 U)G Fdslwdo dqg Surgxfwlylw|

Dffruglqj wr U)G edvhg prghov ri jurzwk/ uhvhdufk dqg ghyhorsphqw lv wkh gulylqj irufh

ri whfkqrorjlfdo fkdqjh1 Surgxfwlylw| jurzwk lv sursruwlrqdo wr wkh uhvrxufhv ghyrwhg wr

U)G erwk lq wkh ode htxlsphqw vshfl�fdwlrq dqg lq yhuvlrq +5145, ri wkh nqrzohgjh

surgxfwlrq ixqfwlrq1 Dv rxwolqhg lq wkh suhvhqwdwlrq ri wkh wkhruhwlfdo prghov/ wkh ode

htxlsphqw yhuvlrq ri wkh nqrzohgjh surgxfwlrq ixqfwlrq lv d olwwoh pruh uhdolvwlf/ dvvxplqj

wkdw erwk fdslwdo dqg oderu duh lqsxwv wr wkh nqrzohgjh surgxfwlrq surfhvv1 Lq frqwudvw/

lq wkh nqrzohgjh surgxfwlrq surfhvv ghvfulehg lq +5145, oderu 0 iuhtxhqwo| lqwhusuhwhg dv

kxpdq fdslwdo 0 lv wkh rqo| surgxfwlrq lqsxw1 Wkh ode htxlsphqw yhuvlrq ri wkh nqrzohgjh

surgxfwlrq surfhvv lv wkh udwlrqdoh wr dvvxph wkdw dq lqgxvwu|*v vwrfn ri nqrzohgjh �

vkrxog eh sursruwlrqdo wr lwv U)G fdslwdo vwrfn/ dv dssduhqw lq htxdwlrq +5156,1 Lq zkdw

iroorzv/ wkh whup �rzq U)G� lv xvhg wr ghvfuleh wkh h�hfw ri hdfk lqgxvwu|*v uhvhdufk

dqg ghyhorsphqw h�ruw rq lwv surgxfwlylw| dv rssrvhg wr U)G vslooryhuv iurp rwkhu

lqgxvwulhv1

Whfkqrorjlfdo fkdqjh/ wkdw lv jurzwk lq �/ lv uh hfwhg lq grzqzdug vkliwv ri wkh

frvw ixqfwlrq1 Dq| whfkqrorjlfdo fkdqjh lv dwwulexwhg wr nqrzohgjh surgxfwlrq lq U)G

edvhg prghov ri jurzwk1 Wkxv wkh lpsdfw ri U)G rq frvwv lv h{shfwhg wr eh qhjdwlyh/
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dqg wkhuh vkrxog eh qr uroh iru wkh wuhqg whup wr h{sodlq grzqzdug vkliwv ri wkh frvw

ixqfwlrq rqfh U)G fdslwdo vwrfnv duh dffrxqwhg iru lq wkh hvwlpdwlrq1 Lq uhdolw|/ wkhuh

pd| eh vrxufhv ri whfkqrorjlfdo fkdqjh rwkhu wkdq lqqrydwlrqv/ vxfk dv rujdql}dwlrqdo

fkdqjhv ru fkdqjhv lq jryhuqphqw srolf|/ vrph ri zklfk pd| hyhq kdyh dgyhuvh h�hfwv

rq surgxfwlylw| jurzwk1

Li U)G fdslwdo vwrfnv duh qrw lqfoxghg lq wkh hvwlpdwlrq/ dv lq wkh suhylrxv fkdswhu/

lw lv krshg wkdw wkh wuhqg whup fdswxuhv erwk wkh surgxfwlylw| jurzwk wkdw lv gxh wr

U)G dqg whfkqrorjlfdo fkdqjh vwhpplqj iurp rwkhu vrxufhv1 Dv vrrq dv U)G fdslwdo

vwrfnv duh lqfoxghg lq wkh hvwlpdwlrq/ wkh| vkrxog fdswxuh wkdw sduw ri surgxfwlylw| wkdw

lv d uhvxow ri pdunhw gulyhq nqrzohgjh fuhdwlrq/ zkloh wkh wuhqg vkrxog phdvxuh rqo|

surgxfwlylw| jurzwk wkdw lv gxh wr rwkhu vrxufhv1

Lq wkh suhvhqw frqwh{w dw ohdvw wzr sureohpv duh olnho| wr dulvh zkhq wu|lqj wr phdvxuh

dqg vrxufh whfkqrorjlfdo fkdqjh fruuhfwo|1 Rqh lv wkdw wkh wuhqg whup dqg U)G fdslwdo

vwrfnv duh kljko| froolqhdu1 Wkhuhiruh/ lw zloo eh yhu| gl!fxow wr jhw suhflvh hvwlpdwhv

ri wkhlu uhvshfwlyh lpsdfw rq frvwv dqg wr dwwulexwh wkh revhuyhg whfkqrorjlfdo fkdqjh

fruuhfwo| wr U)G dqg qrq0U)G vrxufhv1 Wkh rwkhu sureohp kdv douhdg| ehhq glvfxvvhg

lq vhfwlrq 7151 Lw lv uhodwhg wr wkh grxeoh0frxqwlqj gxh wr wkh idfw wkdw lw lv qrw srvvleoh wr

fruuhfw wkh ulydo idfwruv ri surgxfwlrq iru wkh lqfoxvlrq ri U)G1 Wkhuhiruh/ wkh hvwlpdwhg

lpsdfw ri U)G fdslwdo rq frvwv lv olnho| wr xqghuhvwlpdwh whfkqrorjlfdo fkdqjh uh hfwhg

lq ghfuhdvhv ri qrq0U)G surgxfwlrq frvwv gxh wr lqqrydwlrqv/ ehfdxvh zkdw lv uhdoo|

phdvxuhg duh ghfuhdvhv lq wrwdo frvwv lqfoxglqj U)G1

Nhhslqj wklv sureohp lq plqg/ wkh v|vwhp +6155,0+6157, lq wkh huuru fruuhfwlrq irup lv

hvwlpdwhg djdlq/ wklv wlph lqfoxglqj hdfk lqgxvwu|*v U)G fdslwdo vwrfn lq wkh hvwlpdwlrq/

wr vhh zkhwkhu dw ohdvw vrph surgxfwlylw| hqkdqflqj h�hfw fdq eh ghwhfwhg1 Frqvlghulqj

wkh suhylrxv glvfxvvlrq lw lv qrw yhu| vxusulvlqj wkdw d vljql�fdqw lpsdfw ri wkh U)G

fdslwdo vwrfn rq frvwv fdq eh irxqg rqo| lq d kdqgixo ri lqgxvwulhv1 Dv fdq eh yhul�hg

lq dsshqgl{ D17 wkh hvwlpdwhg lpsdfw ri U)G lv fohduo| vljql�fdqw lq wkh wudqvsruw

htxlsphqw dqg lq wkh pdfklqhu| lqgxvwu|/ zkloh lw lv mxvw vljql�fdqw dw wkh 8( ohyho ri
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vljql�fdqfh lq wkh hohfwulfdo dqg rswlfdo htxlsphqw lqgxvwu|1 Lq wkh edvlf dqg ideulfdwhg

phwdov lqgxvwu| lw lv rqo| eduho| vljql�fdqw hyhq dw wkh 43( ohyho ri vljql�fdqfh1 Lw lv

vljql�fdqwo| srvlwlyh lq wkh pdqxidfwxulqj lqgxvwulhv q1h1f1 dqg 0 dw d 43( ohyho ri vlj0

ql�fdqfh 0 lq wkh zrrg lqgxvwu|1 \hw/ lq erwk fdvhv wkh lqfoxvlrq ri wkh U)G fdslwdo

vwrfnv lq wkh frvw ixqfwlrq hvwlpdwlrq uhvxowv lq sdudphwhu hvwlpdwhv wkdw ylrodwh frqfdy0

lw| uhvwulfwlrqv1 Wkhuhiruh/ wkh uhvxowv duh qrw ghhphg uholdeoh dqg duh qrw suhvhqwhg lq

dsshqgl{ D171 Lq doo ri wkh rwkhu lqgxvwulhv/ qr vljql�fdqw lpsdfw ri U)G fdq eh irxqg1

Wkh �qglqj wkdw wkhuh lv qr vljql�fdqw lpsdfw ri U)G rq frvwv lq kdoi ri wkh lqgxvwulhv

grhv qrw lpso| wkdw U)G kdv qr lpsdfw dw doo1 Lw vlpso| phdqv wkdw wkhuh lv qr h{fhvv

uhwxuq wr U)G lq wkhvh lqgxvwulhv1 Wkh lpsdfw ri U)G0oderu rq rxwsxw/ dv dq h{dpsoh/

lv qrw vljql�fdqwo| kljkhu wkdq wkh lpsdfw ri ruglqdu| surgxfwlrq oderu1 Zkhq lqvwhdg

U)G lv vljql�fdqw/ wklv lpsolhv wkdw wkh lpsdfw ri U)G rq rxwsxw lv deryh qrupdo1

Wkhuh duh h{fhvv uhwxuqv wr U)G1 Wklv pd| rffxu ehfdxvh lqyhvwphqw lq U)G ohdgv wr

lqqrydwlrqv zklfk hqkdqfh wkh h!flhqf| ri wkh surgxfwlrq surfhvv lq vljql�fdqw zd|v1

D frpsohphqwdu| lqwhusuhwdwlrq lv wkdw wkhuh pd| eh lqwud0lqgxvwu| vslooryhuv ehwzhhq

wkh �upv lq wkh lqyhvwljdwhg lqgxvwu|1 Erwk lqwhusuhwdwlrqv duh yhu| pxfk lq wkh vslulw

ri hqgrjhqrxv jurzwk wkhru|1

Hohphqwdu| hfrqrplf uhdvrqlqj vxjjhvwv wkdw lqyhvwphqw lq U)G vkrxog eh kljk

zkhuh lwv uhwxuq lv kljk1 Wkhuhiruh/ lw grhv qrw frph dv d vxusulvh wkdw doprvw doo

wkh lqgxvwulhv wkdw hduq dq h{fhvv uhwxuq rq U)G duh uhodwlyho| U)G0lqwhqvlyh1 Wkh

fkhplfdov lqgxvwu| lv wkh rqo| U)G0lqwhqvlyh lqgxvwu| zkhuh wkh lpsdfw lv lqvljql�fdqw1

Lw lv lqghhg d jhqhudo �qglqj wkdw lqfoxglqj U)G lq wkh frvw ixqfwlrq orzhuv wkh

surgxfwlylw| jurzwk wkdw lv fdswxuhg e| wkh wuhqg whup1 Wklv fdq eh yhul�hg lq Wdeoh

814/ zklfk uhsruwv wkh dyhudjh surgxfwlylw| jurzwk lpsolhg e| wkh hvwlpdwlrq zlwkrxw

nqrzohgjh yduldeohv/�0�A c dqg zlwk rzq U)G/ �0-:(�A c uhvshfwlyho|1

Rqo| lq wkh edvlf dqg ideulfdwhg phwdov lqgxvwu| lv wklv h�hfw yhu| vpdoo1 Wkh gurs

lq surgxfwlylw| jurzwk hvwlpdwhg e| wkh wuhqg whup lv pruh qrwlfhdeoh lq wkh hohfwul0

fdo dqg rswlfdo htxlsphqw lqgxvwu|1 Lq wkh pdfklqhu| lqgxvwu| hvwlpdwhg surgxfwlylw|
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Wdeoh 814= Lq xhqfh ri U)G Fdslwdo Vwrfnv rq wkh Surgxfwlylw| Jurzwk Hvwlpdwh

Lqgxvwu|n U)G XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Phwdov �0�A 315< 315: 3154 3158 3163 3159

+3138, +313:, +3139, +313:, +313:, +313:,

�0-:(�A 31585 3156 314: 3154 3159 3155

+313:, +313:, +313:, +313;, +313;, +313;,

Pdfklqhu| �0�A 3164 315: 315< 3168 315;

+3146, +3147, +348, +3147, +3147,

�0-:(�A 03139 03145 03144 03137 03143

+3149, +3149, +314:, +314:, +3149,

Hohfw1 )Rswlfdo Ht1 �0�A 0 4134 4133 4133 4145 31<9

+3154, +3155, +3154, +3156, +3165,

�0-:(�A 0 319< 3195 31:6 31:9 3199

+315;, +3163, +315<, +3165, +3165,

Wudqvsruw �0�A 03149 03144 03148 03146 03148 03149

+3143, +3143, +3143, +3143, +3144, +3143,

�0-:(�A 03168 0315; 03166 03165 03168 03168

+3145, +3144, +3145, +3145, +3145, +3146,

�0�A G Dyhudjh Surgxfwlylw| Jurzwk lq wkh Hvwlpdwlrq zlwkrxw U)G

�0-:(�A G Dyhudjh Surgxfwlylw| Jurzwk lq wkh Hvwlpdwlrq zlwk U)G

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

ehfrphv qhjdwlyh dqg lqvljql�fdqw rqfh h{fhvv uhwxuqv wr U)G duh dffrxqwhg iru1 Lq

wkh wudqvsruw htxlsphqw lqgxvwu| wdnlqj dffrxqw ri h{fhvv uhwxuqv wr U)G uhvxowv lq d

vljql�fdqwo| qhjdwlyh hvwlpdwh ri surgxfwlylw| jurzwk wkdw lv fdswxuhg e| wkh wuhqg whup/

vxjjhvwlqj wkdw qrq0U)G vrxufhv ri whfkqrorjlfdo fkdqjh srvvleo| kdyh dgyhuvh h�hfwv

rq surgxfwlylw| jurzwk1

Wkh lpsdfw ri U)G lv lqvljql�fdqw lq doo wkh lqgxvwulhv zkhuh surgxfwlylw| jurzwk lv

hvwlpdwhg wr eh qhjdwlyh zkhq U)G lv qrw lqfoxghg lq wkh hvwlpdwlrq1 Wkhvh revhuydwlrqv

vxjjhvw wkdw h{fhvv uhwxuqv wr U)G fdq lqghhg h{sodlq d jrrg sduw ri wkh revhuyhg

surgxfwlylw| jurzwk1 Zkhq U)G lv qrw lqfoxghg lq wkh hvwlpdwlrq/ wkh xqvshfl�f wuhqg

whup vhhpv wr slfn vrph ri lwv lpsdfw1 Wklv �qglqj vxssruwv wkh ylhzsrlqw ri hqgrjhqrxv

jurzwk wkhru| wkdw whfkqrorjlfdo fkdqjh lv d uhvxow ri gholehudwh lqyhvwphqwv lq uhvhdufk

dqg ghyhorsphqw1

Wdeoh 815 vkrzv wkh frvwv hodvwlflwlhv zlwk uhvshfw wr U)G iru wkh lqgxvwulhv zkhuh wkh
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lpsdfw ri U)G lv vljql�fdqw1 Qrwh wkdw wklv hodvwlflw| lv frqvlghudeo| kljkhu lq devroxwh

ydoxh wkdq wkh frvw hodvwlflw| zlwk uhvshfw wr wkh wlph wuhqg lq wkh hvwlpdwlrq zlwkrxw

U)G14 Wklv vxjjhvwv wkdw zkloh wkh wlph wuhqg vhhpv wr slfn xs vrph ri wkh h�hfw ri

U)G rq surgxfwlylw| jurzwk zkhq U)G fdslwdo vwrfnv duh qrw lqfoxghg lq wkh uhjuhvvlrq/

lw pd| qrw fdswxuh doo ri lw1

Wdeoh 815= Dyhudjh Frvw Hodvwlflwlhv zlwk Uhvshfw wr U)G Fdslwdo

Lqgxvwu| U)G XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Phwdov 0�- 031353 03133: 031364 03135< 031346 03134:

+31339, +31337, +3134<, +3134:, +3133;, +31343,

Pdfklqhu| 0�- 0 03135< 031459 0314:7 0313:3 031434

0 +31339, +3135;, +3136;, +31349, +31355,

Hohfw1 ) Rsw1 Ht1 0�- 0 03135< 031387 0313:3 031384 0313:6

0 +31348, +3135;, +3136:, +3135:, +3136;,

Wudqvsruw 0�- 0313<5 031368 031359 031377 031343 031385

+3136;, +31348, +31344, +3134<, +31337, +31355,

0�- G Frvw Hodvwlflw| z1u1w1 U)G

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Dffruglqj wr U)G edvhg prghov ri hfrqrplf jurzwk/ nqrzohgjh lv wkh vrxufh ri

hfrqrplhv ri vfdoh1 Zkhq U)G lv qrw lqfoxghg lq wkh hvwlpdwlrq wkh frvw hodvwlflw|

zlwk uhvshfw wr rxwsxw pd| slfn xs vrph ri wkh h�hfw ri U)G rq ryhudoo uhwxuqv wr

vfdoh1 D vlplodu lghd lv lpsolflw lq Pruulvrq Sdxo ) Vlhjho*v +4<<:, lqwhusuhwdwlrq ri

wkhlu uhvxowv ri d frvw ixqfwlrq hvwlpdwlrq iru XV pdqxidfwxulqj lqgxvwulhv1 Wkh| �qg

wkdw wkhlu hvwlpdwh ri wkh udwh ri uhwxuqv wr vfdoh phdvxuhg zlwk wkh lqyhuvh ri wkh frvw

hodvwlflw| zlwk uhvshfw wr rxwsxw ghfuhdvhv zkhq U)G lv lqfoxghg lq wkh hvwlpdwlrq1 Wklv

lv lqwhusuhwhg dv hylghqfh wkdw dw ohdvw vrph ri wkh revhuyhg hfrqrplhv ri vfdoh fdq eh

wudfhg wr nqrzohgjh dv U)G edvhg prghov ri hfrqrplf jurzwk zrxog vxjjhvw1

Vxfk d v|vwhpdwlf ghfuhdvh ri wkh hvwlpdwhg udwh ri uhwxuqv wr vfdoh diwhu wkh lqfoxvlrq

ri U)G fdslwdo vwrfnv lv qrw irxqg lq wklv vwxg|/ dv fdq eh yhul�hg txlfno| frpsdulqj

Wdeohv 816 dqg 7191 Wkh odwwhu uhsruwv wkh udwh ri uhwxuq wr ulydo idfwruv/ �
0�t

c ghulyhg

4Wkh frvw hodvwlflw| zlwk uhvshfw wr wkh wlph wuhqg lq wdeohv 716 wr 718 lv pxowlsolhg e| 433/ wr rewdlq

surgxfwlylw| jurzwk lq shufhqw1
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iurp wkh frvw ixqfwlrq hvwlpdwlrq zlwk U)G fdslwdo1 Lw lv d olwwoh elw kljkhu wkdq lq wkh

hvwlpdwlrq zlwkrxw U)G lq vrph lqgxvwulhv dqg d olwwoh elw orzhu lq rwkhuv/ exw ryhudoo

wkh hvwlpdwh lv kdugo| fkdqjhg1 Lw grhv qrw vhhp wr eh wkh fdvh wkdw wkh hvwlpdwh ri

wkh udwh ri uhwxuqv wr vfdoh slfnv xs wkdw sduw ri wkh vfdoh h�hfw ri U)G wkdw lv gxh wr

h{fhvv uhwxuqv zkhq U)G lv qrw dffrxqwhg iru lq wkh hvwlpdwlrq1 \hw/ lq lqgxvwulhv zlwk

dq h{fhvv uhwxuq wr U)G wkh udwh ri uhwxuqv wr vfdoh lv kljkhu wkdq wklv/ ehfdxvh wkh

lpsdfw ri U)G rq rxwsxw lv vwurqjhu wkdq wkh rxwsxw hodvwlflwlhv ri oderu/ fdslwdo dqg

pdwhuldo lqsxwv vxjjhvw1 Wdeoh 816 dovr uhsruwv wkh phdvxuh ri wkh udwh ri uhwxuq/ #�s c

zklfk lqfoxghv wkh h�hfw ri h{fhvv uhwxuqv wr U)G�

Wdeoh 816= Lqwhuqdo Hfrqrplhv ri Vfdoh zlwk dqg zlwkrxw U)G
Lqgxvwu| U)G XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Phwdov �
0�t

4153; 41548 41586 41547 414<5 414:4

+3137;, +31383, +31386, +3137;, +3137:, +31376,

#�s 4155: 41555 415;5 41574 41537 414;;

+3137<, +3137<, +31394, +31388, +31379, +31377,

Pdfklqhu| �
0�t

0 41483 41576 41599 41469 41564

0 +31374, +31386, +3138;, +3136<, +31373,

#�s 0 414:; 41697 4175< 41538 4165:

0 +3136;, +31398, +313;5, +3136<, +3149<,

Hohfw1 ) Rsw1 Ht1 �
0�t

0 41465 4144; 414:; 414<7 4144;

0 +31378, +31367, +31373, +31377, +31369,

#�s 0 41493 414:4 41579 4157; 414<4

0 +3136:, +31376, +3138;, +3137<, +31393,

Wudqvsruw �
0�t

415<5 415:< 41588 4155; 41459 41587

+313:9, +31388, +31386, +31384, +31376, +31387,

#�s 416:; 41644 415;3 415:3 41469 41637

+31435, +3138:, +31386, +3138;, +31375, +31396,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Lq prvw fdvhv wdnlqj lqwr dffrxqw wkh h{fhvv uhwxuq wr U)G udlvhv wkh phdvxuhg udwh

ri uhwxuqv wr vfdoh rqo| e| d uhodwlyho| prghudwh dprxqw1 Rqh h{fhswlrq wr wklv uxoh lv

wkh pdfklqhu| lqgxvwu|/ zkhuh wkh gl�huhqfh ehwzhhq �
0�t

dqg #�s lv txlwh vxevwdqwldo iru

Jhupdq|1

Ryhudoo/ wkhvh uhvxowv duh lq olqh zlwk U)G edvhg prghov ri jurzwk1 Lq vrph sduwlf0
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xoduo| U)G0lqwhqvlyh lqgxvwulhv uhwxuqv wr lqyhvwphqwv lq nqrzohgjh fuhdwlrq duh irxqg

wr eh deryh qrupdo1 Wkhvh h{fhvv uhwxuqv wr U)G vhhp wr h{sodlq d sduw ri wkh revhuyhg

surgxfwlylw| jurzwk dqg lq olqh zlwk wkh wkhru| wkh| duh d vrxufh ri lqfuhdvlqj uhwxuqv1

Wkh U)G edvhg prghov suhvhqwhg lq fkdswhu 5 qrw rqo| lpso| wkdw hdfk lqgxvwu|*v

U)G h�ruw vkrxog hqkdqfh lwv rzq surgxfwlylw|1 Nqrzohgjh pd| dovr vsloo ryhu wr rwkhu

lqgxvwulhv dqg kdyh d ehqh�fldo h�hfw rq wkhlu surgxfwlylw| jurzwk1 Wkh iroorzlqj vhfwlrqv

wkhuhiruh h{dplqh zkhwkhu nqrzohgjh vslooryhuv fdq eh irxqg lq wkh RHFG lqgxvwulhv

lqyhvwljdwhg lq wklv glvvhuwdwlrq1

815 Prghoolqj Vslooryhuv

81514 Dowhuqdwlyh Vwudwhjlhv

Wkh U)G edvhg prghov ri jurzwk suhvhqwhg lq fkdswhu 5 vxjjhvw wkdw lqqrydwlrqv dv

d uhvxow ri uhvhdufk dqg ghyhorsphqw h�ruw lq hdfk lqgxvwu| � hqkdqfh lwv surgxfwlylw|

jurzwk1 Pruhryhu/ lqgxvwu| �pd| ehqh�w iurp nqrzohgjh fuhdwhg lq rwkhu lqgxvwulhv wkdw

vsloov ryhu wkurxjk wudgh lq lqwhuphgldwh lqsxwv zklfk hperg| whfkqrorjlfdo fkdqjh1

Dv vxjjhvwhg lq htxdwlrq +5163,/ wklv fdq eh prghoohg hpslulfdoo| e| lqfoxglqj rwkhu

lqgxvwulhv* U)G fdslwdo vwrfnv dv dq lqsxw lq wkh surgxfwlrq ixqfwlrq ri lqgxvwu| �1 E|

wkh gxdolw| ri wkh frvw dqg wkh surgxfwlrq ixqfwlrq ghvfulelqj d surgxfwlrq whfkqrorj|

wkh U)G fdslwdo vwrfnv iurp h{whuqdo vrxufhv zrxog dovr dsshdu lq wkh lqgxvwu|*v frvw

ixqfwlrq dv h{whuqdo yduldeohv1 Dgglwlrqdoo|/ d wuhqg yduldeoh pd| eh lqfoxghg lq wkh frvw

ru surgxfwlrq ixqfwlrq wr fdswxuh vrxufhv ri surgxfwlylw| jurzwk wkdw duh h{rjhqrxv wr

wkh prgho/ vxfk dv jryhuqphqw uhjxodwlrq ru fkdqjhv lq rujdql}dwlrq1

Lghdoo|/ wkh lpsdfw ri hdfk gl�huhqw vrxufh ri surgxfwlylw| jurzwk vkrxog eh hvwl0

pdwhg vhsdudwho| wr dvvhvv lwv uhodwlyh lpsruwdqfh1 Wkh frvw ru surgxfwlrq ixqfwlrq ri dq

lqgxvwu| � zrxog wkdq lqfoxgh lwv rzq U)G fdslwdo vwrfn dqg wkdw ri doo rwkhu lqgxvwulhv1

Hvshfldoo| zkhq zrunlqj zlwk pdq| furvv0vhfwlrqv/ wkrxjk/ ghjuhhv ri iuhhgrp pd| qrw

eh wkh rqo| olplw wr wkh lqfoxvlrq ri doo srwhqwldo vslooryhu vrxufhv dv d vhsdudwh yduldeoh1
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Vlqfh U)G fdslwdo vwrfnv duh w|slfdoo| wuhqghg/ wkhvh yduldeohv duh pruh riwhq wkdq qrw

kljko| froolqhdu1 Gxh wr wklv pxowlfroolqhdulw| sureohp/ lw zloo eh pruh wkdq gl!fxow wr

slq grzq wkh pdjqlwxgh ri wkh lqglylgxdo lpsdfwv ri gl�huhqw U)G fdslwdo vwrfnv dqg

wkh wlph wuhqg rq frvwv ru surgxfwlylw|1

Edvdqw ) Ilnnhuw +4<<9, uhsruw wkhlu sureohpv zkhq wu|lqj wr lqfoxgh vslooryhu ydul0

deohv dorqj zlwk rzq U)G dqg wlph gxpplhv lq wkhlu hvwlpdwlrq htxdwlrq ri d surgxfwlrq

ixqfwlrq iru Lqgldq lqgxvwulhv1 Zkhqhyhu wkh| lqfoxgh wlph gxpplhv/ wklv orzhuv wkh vwd0

wlvwlfdo vljql�fdqfh ri wkh U)G yduldeohv gudpdwlfdoo|1 Lq wkhlu ryhuylhz duwlfoh derxw

vwxglhv frqfhuqlqj wkh lpsdfw ri U)G rq surgxfwlylw| Pdluhvvh ) Vdvvhqrx +4<<4, frq0

�up wkdw prvw uhvhdufkhuv hqfrxqwhu vhyhuh sureohpv zlwk pxowlfroolqhdulw| zkhq wu|lqj

wr lqyhvwljdwh U)G dqg rwkhu vrxufhv ri surgxfwlylw| jurzwk lq dq lqwhjudwhg dssurdfk1

Wkh kljk ghjuhh ri pxowlfroolqhdulw| pd| zhoo eh wkh uhdvrq zk| pdq| uhvhdufkhuv

frqvlghu rqo| vrph frpelqdwlrq ri yduldeohv wkdw fdswxuh vrxufhv ri surgxfwlylw|/ udwkhu

wkdq doo ri wkhp wrjhwkhu1 Prkqhq/ Qdglul ) Suxfkd +4<;9, lqfoxgh rqo| rzq U)G/

Qdglul ) Suxfkd +4<<9, dqg Qdglul ) Qdqgl +4<<<, frpelqh rzq U)G dqg d wuhqg

whup/ Ehuqvwhlq ) Qdglul +4<;;,/ Ehuqvwhlq ) \dq +4<<:, dqg Ehuqvwhlq ) Prkqhq

+4<<;, lqyhvwljdwh rzq U)G dqg lqwhuqdwlrqdo vslooryhuv mrlqwo|/ zlwkrxw lqfoxglqj d

wuhqg1 Pruulvrq Sdxo ) Vlhjho +4<<<,/ lq wxuq/ lqyhvwljdwh wkh lpsdfw ri U)G vslooryhuv

dqg d wuhqg whup zlwkrxw rzq U)G1

Fohduo|/ pxowlfroolqhdulw| zloo qrw rqo| pdnh lw gl!fxow wr gl�huhqwldwh ehwzhhq wkh

lpsdfw ri rzq U)G/ U)G vslooryhuv dqg wkh wuhqg whup1 Lw lv hyhq pruh gl!fxow wr dvvhvv

wkh uhodwlyh lpsruwdqfh ri gl�huhqw vslooryhu vrxufhv1 Wkh �qdo surgxfwlrq ixqfwlrq +5163,

vxjjhvwv wr wdnh dffrxqw ri hdfk lqgxvwu|*v U)G fdslwdo vwrfn dv d vhsdudwh yduldeoh1 Ri

frxuvh/ wklv zloo prvw fhuwdlqo| djjudydwh pxowlfroolqhdulw| sureohpv1 Ehuqvwhlq ) Qdglul

+4<;;, duh rqh ri wkh yhu| ihz h{dpsohv ri d vwxg| wkdw vxffhhgv lq hvwlpdwlqj vslooryhuv

iurp vhyhudo gl�huhqw lqgxvwulhv lqglylgxdoo| zlwk gdwd iurp vrph XV kljk0whfk lqgxvwulhv1

Lw jrhv zlwkrxw vd|lqj wkdw wklv dssurdfk ehfrphv pruh dqg pruh gl!fxow wkh odujhu wkh

qxpehu ri lqgxvwulhv lqfoxghg lq wkh vdpsoh1
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Lq prvw vwxglhv/ U)G fdslwdo vwrfnv iurp rxwvlgh lqgxvwulhv ru frxqwulhv duh djjuh0

jdwhg wr vrphkrz phdvxuh d mrlqw vslooryhu h�hfw1 Dv dq h{dpsoh/ Pruulvrq Sdxo )

Vlhjho +4<<<, hvwlpdwh d frvw ixqfwlrq zlwk XV lqgxvwu| gdwd dw wkh wzr0gljlw Vwdqgdug

Lqgxvwuldo Fodvvl�fdwlrq +VLF, ohyho1 Wkh| lqfoxgh U)G dw rqh ohyho ri djjuhjdwlrq kljkhu

wr fdswxuh wkh h{whuqdo qdwxuh ri vrph ri wkh nqrzohgjh surgxfwlrq1

Dowhuqdwlyho|/ uhvhdufkhuv djjuhjdwh wkh U)G fdslwdo vwrfnv zlwk zhljkwv zklfk duh

lqwhqghg wr fdswxuh d vshfl�f wudqvplvvlrq phfkdqlvp iru nqrzohgjh vslooryhuv1 Dv rxw0

olqhg deryh/ nqrzohgjh hperglhg lq qhz ru lpsuryhg surgxfwv pd| vsloo ryhu wkurxjk

wudgh1 Frxqwu|0ohyho vwxglhv wkdw lqwhqg wr vwuhvv wklv whfkqrorjlfdo wudqvihu phfkdqlvp

riwhq xvh lpsruw vkduhv wr zhljkw U)G fdslwdo vwrfnv wkdw ruljlqdwhg lq rwkhu frxqwulhv1

D surplqhqw h{dpsoh iru wklv dssurdfk lv wkh vwxg| e| Frh ) Khospdq +4<<8,1 Nlp

) Qdglul +4<<9d, xvh wkh vdph dssurdfk zlwklq d frvw ixqfwlrq iudphzrun zlwk RHFG

frxqwu| ohyho gdwd/ zkloh Nhoohu +5334, frqvwuxfwv lpsruw vkduhv dw wkh lqgxvwu| ohyho1

Wr fdswxuh whfkqrorjlfdo wudqvihu wkurxjk wudgh ehwzhhq gl�huhqw lqgxvwulhv lq rqh

frxqwu|/ lqsxw0rxwsxw frh!flhqwv duh xvhg lq pdq| vwxglhv1 Whuohfn|m +4<:7, dv zhoo dv

Qdglul ) Zro� +4<<6, dqg 0 lq wkh pruh uhfhqw olwhudwxuh 0 Nhoohu +5334, xvh wklv phwkrg

wr vwuhvv U)G vslooryhuv gxh wr fxvwrphu0vxssolhu uhodwlrqv1

Lw vkrxog eh qrwhg/ krzhyhu/ wkdw whfkqrorj| pd| dovr  rz iurp wkh xsvwuhdp wr

wkh grzqvwuhdp lqgxvwu|1 Pdqv�hog +4<;7, srlqwv wr hylghqfh wkdw wkh vxssolhu pd| dovr

ehqh�w iurp uhvhdufk dqg ghyhorsphqw frqgxfwhg e| wkh frvwxphu1 Pruhryhu/ whfkqrorj|

pd| vsloo ryhu wkurxjk pdq| rwkhu fkdqqhov wkdq wudgh1 Wkhuhiruh/ dowhuqdwlyh zhljkwlqj

vfkhphv kdyh ehhq xvhg lq wkh olwhudwxuh wr fdswxuh gl�huhqw vslooryhu fkdqqhov1 Olfkwhq0

ehuj ) ydq Srwwhovehujkh gh od Srwwhulh +4<<9,/ iru h{dpsoh/ uho| erwk rq wudgh dqg rq

iruhljq gluhfw lqyhvwphqw wr frqvwuxfw zhljkwv1

Vfkhuhu +4<;7, fuhdwhv d whfkqrorj|  rz pdwul{ e| ghwhuplqlqj wkh lqgxvwu| ri ruljlq

dqg wkh lqgxvwu| ri xvh iru XV sdwhqwv1 Eudqvwhwwhu +5334, uholhv rq iruhljq sdwhqwlqj1

Md�h +4<;9, frqvwuxfwv phdvxuhv ri whfkqrorjlfdo forvhqhvv1 Dffruglqj wr wklv dssurdfk/

wkh zhljkwv vkrxog eh sursruwlrqdo wr wkh vlplodulw| lq wkh �up*v sdwhqw sruwirolr1 Wkh
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�upv duh srvlwlrqhg lq wkh �whfkqrorjlfdo vsdfh� wkurxjk yhfwruv frqwdlqlqj wkh glvwulex0

wlrq ri sdwhqwv ryhu gl�huhqw fodvvhv1 Whfkqrorjlfdo forvhqhvv ehwzhhq wzr �upv lv wkhq

phdvxuhg dv wkh xqfhqwhuhg fruuhodwlrq ri wkrvh yhfwruv1

Dw wkh lqgxvwu| ohyho d whfkqrorj|  rz pdwul{ edvhg rq whfkqrorjlfdo forvhqhvv/ nqrzq

dv wkh \doh frqfrugdqfh/ kdv ehhq ghyhorshg e| Hyhqvrq/ Sxwqdp ) Nruwxp +4<;<,1

Yhfwruv frqwdlqlqj suredelolwlhv wkdw lqgxvwulhv xvh sdwhqwv iurp d sduwlfxodu sdwhqw fodvv

duh hpsor|hg wr orfdwh lqgxvwulhv lq wkh whfkqrorj| vsdfh1 Wkh \doh frqfrugdqfh kdv ehhq

xvhg e| Nhoohu +5334, dqg Orv ) Yhuvsdjhq +5333, wr frqvwuxfw zhljkwv iru wkhlu vslooryhu

yduldeohv1

Sdwhqwv dqg lqqrydwlrqv duh lqglfdwruv ri wkh whfkqrorj| vwdwxv ri lqgxvwulhv ru �upv1

Vlqfh vslooryhuv gxh wr whfkqrorjlfdo sur{lplw| duh olnho| wr rffxu rq d sxuho| lqwhoohfwxdo

ohyho/ h{whuqdolwlhv wkdw duh fdswxuhg xvlqj sdwhqw gdwd pd| eh ylhzhg dv ehlqj ri wkh

glvhperglhg nlqg1 Lq frqwudvw/ vslooryhuv wkdw duh fdswxuhg xvlqj wudgh ru lqsxw0rxwsxw

gdwd duh hperglhg lq jrrgv1

Zkloh qrqh ri wkh zhljkwlqj vfkhphv glvfxvvhg deryh lv vxshulru/ lq wkdw wkh| vlpso|

vwuhvv gl�huhqw wudqvplvvlrq fkdqqhov/ hdfk kdv lwv rzq vkruwfrplqjv1 Wkh xvh ri sdwhqw

gdwd uhtxluhv wkh gudvwlf dvvxpswlrq wkdw wkh ydoxh ri sdwhqwv grhv qrw gl�hu iru ydulrxv

surgxfhuv/ zlwklq dqg dfurvv frxqwulhv dqg ryhu wlph1

Rq wkh rwkhu kdqg/ Nhoohu +4<<;, uhshdwv Frh ) Khospdq*v +4<<8, uhjuhvvlrqv zlwk d

vslooryhu yduldeoh zkrvh zhljkwv duh udqgrpo| jhqhudwhg1 Ilqglqj hyhq odujhu vslooryhuv

wkdq Frh dqg Khospdq/ kh frqfoxghv wkdw wkhlu vkduhv pd| qrw eh dssursuldwh wr fdswxuh

nqrzohgjh vslooryhuv wkdw rffxu gxh wr lqwhuqdwlrqdo wudgh1 Klv whfkqltxh wr jhqhudwh

wudgh vkduhv lv fulwlfl}hg e| Frh ) Kr�pdlvwhu +4<<<, iru qrw ehlqj udqgrp lq frqwudvw wr

zkdw Nhoohu fodlpv1 Xvlqj udqgrp wudgh vkduhv jhqhudwhg zlwk dq dowhuqdwlyh whfkqltxh/

wkh| �qg qr vljql�fdqw lpsdfw rq surgxfwlylw|1 Qhyhuwkhohvv/ Nhoohu*v vwxg| dsshduv wr

vkrz wkdw wkh Frh dqg Khospdq uhvxowv duh qrw ghshqghqw rq kdylqj irxqg zhljkwv wkdw

fdswxuh wkh vslooryhu fkdqqho fruuhfwo|1 Vlqfh wkhuh duh pdq| zd|v iru nqrzohgjh wr vsloo

ryhu/ d shuihfw vwudwhj| wr pluuru vslooryhu fkdqqhov hpslulfdoo| grhv qrw h{lvw1
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Dowkrxjk lw lv e| qr phdqv hdv| wr wdfnoh wkh sureohp ri pxowlfroolqhdulw| ehwzhhq

U)G fdslwdo vwrfnv/ vslooryhu yduldeohv dqg wkh wuhqg whup/ hdfk ri wkhvh yduldeohv fds0

wxuhv d gl�huhqw dvshfw ri whfkqrorjlfdo fkdqjh1 Hvwlpdwhv pd| dfwxdoo| slfn xs vrph

frpelqhg h�hfwv iurp doo ri wkhvh/ li vrph yduldeohv wkdw vrxufh whfkqrorjlfdo jurzwk duh

rplwwhg1 Lw lv wkhuhiruh ghvludeoh wr wu| dqg �qg d zd| wr frsh zlwk wkh sureohp ri

pxowlfroolqhdulw| wr xqwdqjoh wkh gl�huhqw vrxufhv ri surgxfwlylw| jurzwk1

Krzhyhu/ zlwk d odujh qxpehu ri furvv0vhfwlrqv/ lw lv lpsrvvleoh wr hvwlpdwh wkh lpsdfw

ri hdfk nqrzohgjh vwrfn iurp rwkhu lqgxvwulhv lqglylgxdoo|1 Wkh qh{w vhfwlrq rxwolqhv dq

djjuhjdwlrq dssurdfk iru vslooryhu yduldeohv lq d pxowl0frxqwu|/ pxowl0lqgxvwu| vhwwlqj1

Wkh sursrvhg zhljkwlqj vfkhph gudzv khdylo| rq Nhoohu +5334,1

81515 Vslooryhuv lq d Pxowl0Frxqwu| Pxowl0Lqgxvwu| Vhwwlqj

Wr uhgxfh wkh qxpehu ri froolqhdu yduldeohv wr eh lqfoxghg lq wkh hvwlpdwlrq/ wklv vwxg|

zloo irfxv rq wkuhh gl�huhqw vslooryhu vrxufhv= Hdfk lqgxvwu| pd| ehqh�w iurp vslooryhuv

ri rwkhu lqgxvwulhv lq wkh vdph frxqwu|/ iurp lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv dqg

iurp lqwhu0lqgxvwu| vslooryhuv1

Wkh zhljkwlqj vfkhphv xvhg iru djjuhjdwlqj wkh U)G fdslwdo vwrfnv irfxvhv rq fds0

wxulqj wudgh dv d vslooryhu fkdqqho1 Wklv lv lq olqh zlwk wkh prghov suhvhqwhg lq fkdswhu 5

zklfk surylgh d wkhru| rq krz nqrzohgjh pd| vsloo ryhu wkurxjk wudgh ri lqsxw idfwruv

ehwzhhq gl�huhqw vhfwruv1

Wr fdswxuh vslooryhuv iurp rwkhu lqgxvwulhv lq wkh vdph frxqwu|/ lqsxw0rxwsxw frh!0

flhqwv duh xvhg wr zhljkw wkhlu U)G fdslwdo vwrfnv1 Khqfh/ wkh grphvwlf vslooryhu yduldeoh

iru lqgxvwu| � lq frxqwu| & lv frqvwuxfwhg dv

7&�_ '
[
� �'�

/��-� +814,

zkhuh /�� ghqrwhv wkh lqsxw0rxwsxw frh!flhqwv ri lqwhuphgldwh jrrgv  rzlqj iurp lqgxv0

wu| � wr lqgxvwu| �1 Pruh vshfl�fdoo|/ /�� lv lqgxvwu| m*v vdohv wr lqgxvwu| l dv d shufhqwdjh
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ri lqgxvwu| m*v wrwdo vdohv wr wkh hqwluh hfrqrp|1

Vwuhvvlqj wudgh dv d wudqvplvvlrq fkdqqho dw wkh lqwhuqdwlrqdo ohyho lqyroyhv xvlqj lp0

sruw vkduhv dv zhljkwv1 Wkhvh duh frqfhswxdoo| htxlydohqw wr wkh lqsxw0rxwsxw frh!flhqwv

wkdw fdswxuh grphvwlf wudgh uhodwlrqv1

Ohw 6&�� eh wkh elodwhudo lpsruw vkduh ri frxqwu| & iurp frxqwu| � iru jrrgv iurp

lqgxvwu| �1 Iru d jlyhq frxqwu| & dqg vhfwru � wkh h�hfw ri U)G frqgxfwhg lq wkh vdph

vhfwru lq iruhljq frxqwulhv lv wkhq=

7&�
sr '

[
� �'&

6&��-�� +815,

Xvlqj 815 wr fdofxodwh wkh lqwud0lqgxvwu| vslooryhu yduldeoh/ lw lv lpsolflwo| dvvxphg wkdw

frxqwu| &*v lpsruw vkduh ri jrrgv iurp frxqwu| � wkdw fdq eh dvvljqhg wr lqgxvwu| �

fdswxuhv wkh fkdqqho ri lqwud0lqgxvwu| vslooryhuv dssursuldwho|/ dowkrxjk/ ri frxuvh/ qrw

doo lpsruwv iurp lqgxvwu| � deurdg zloo jr wr wkdw vdph lqgxvwu|1 Vrph XV lpsruwv iurp

Mdsdq*v ideulfdwhg phwdo lqgxvwu| pd| jr wr wkh wudqvsruw lqgxvwu| udwkhu wkdq wr wkh

XV ideulfdwhg phwdo lqgxvwu|1 Iurp d wkhruhwlfdo srlqw ri ylhz/ lw zrxog eh ghvludeoh wr

kdyh d pruh suhflvh euhdngrzq ri lqgxvwulhv wkdw dfwxdoo| uhfhlyh jrrgv iurp lqgxvwu| ��

Hpslulfdoo|/ dvvljqlqj lpsruwv wr lqgxvwulhv dffruglqj wr wkh w|sh ri jrrg wkdw lv wudghg

lv wkh ehvw wkdw rqh fdq gr1 Wr wkh ehvw ri p| nqrzohgjh/ lqwhuqdwlrqdo wudgh gdwd wkdw

frqwdlqv lqirupdwlrq derxw ex|lqj dqg vhoolqj lqgxvwulhv grhv qrw h{lvw1

Lqgxvwu| � fdq dovr ehqh�w iurp U)G wkdw lv frqgxfwhg lq iruhljq vhfwruv6 9' �1 Wklv

lv uhihuuhg wr dv lqwhu0lqgxvwu| vslooryhuv1 Wr frqvwuxfw zhljkwv/ lqsxw0rxwsxw pdwulfhv iru

lpsruwv duh xvhg1 Iru hdfk lqgxvwu| wkh pdwulfhv glvsod| wkh xvh ri lqwhuphgldwh lqsxwv

zklfk duh surgxfhg lq iruhljq frxqwulhv1

Iru d vshfl�f frxqwu| & ohw v6� ghqrwh wkh vkduh ri lqgxvwu| ��r lpsruwv ri lqwhuphgl0

dwhv iurp wkh 6 lqgxvwu|1 7&�
sJ pd| wkhq eh gh�qhg dv=

7&�
sJ '

[
6�'�

v6�7
&6
sr +816,
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Wklv djjuhjdwlrq vfkhph uhgxfhv wkh qxpehu ri vslooryhu h�hfwv wr eh hvwlpdwhg wr wkuhh1

Lw wkxv suhvhuyhv ghjuhhv ri iuhhgrp dqg doohyldwhv pxowlfroolqhdulw| sureohpv1

Wkh zhljkwv iru wkh grphvwlf vslooryhu yduldeoh/ /��c duh phdvxuhg zlwk lqsxw0rxwsxw

frh!flhqwv1 Lqsxw0rxwsxw wdeohv phdvxulqj grphvwlf lqwhuphgldwh jrrgv  rzv iru hdfk

ri wkh frxqwulhv lq wkh vdpsoh duh surylghg e| wkh RHFG +RHFG 4<<8,1

Vlqfh lq wkh prgho vslooryhuv fdq eh dvvrfldwhg zlwk wudgh lq fdslwdo jrrgv/ lw pd|

vhhp ghvludeoh wr xvh fdslwdo jrrgv  rz pdwulfhv wr frqvwuxfw wkh zhljkwv1 Dowkrxjk wkh

RHFG grhv surylgh lqsxw0rxwsxw pdwulfhv iru fdslwdo jrrgv/ wkhvh duh yhu| lqfrpsohwh1

Wkhuhiruh/ lqwhuphgldwh jrrgv  rz pdwulfhv duh xvhg lqvwhdg1

Txdolwdwlyho|/ pdwulfhv duh txlwh vlplodu dfurvv frxqwulhv1 Qrw vxusulvlqjo|/ iru h{dp0

soh/ erwk wkh ideulfdwhg phwdo lqgxvwu| dqg wkh pdfklqhu| lqgxvwu| uhwulhyh wkh exon ri

wkhlu lqwhuphgldwh lqsxwv iurp wkh edvlf phwdo lqgxvwu|/ dv grhv wkh wudqvsruw htxlsphqw

lqgxvwu|1 Lq jhqhudo/ wkh irrg dqg wredffr lqgxvwulhv gr qrw surylgh d odujh txdqwlw| ri

lqwhuphgldwh lqsxwv iru rwkhu pdqxidfwxulqj lqgxvwulhv1 Txdqwlwdwlyho|/ krzhyhu/ wkhuh

duh lpsruwdqw gl�huhqfhv ehwzhhq wkh lqsxw0rxwsxw frh!flhqwv ri Iudqfh dqg Jhupdq|

dqg wkh uhpdlqlqj frxqwulhv/ hvshfldoo| iru ideulfdwhg phwdo surgxfwv1 Wklv lqglfdwhv wkdw

dffxudf| lv jdlqhg/ zkhq xvlqj lqsxw0rxwsxw gdwd iurp hdfk lqglylgxdo frxqwu| udwkhu

wkdq dvvxplqj wkdw lqsxw0rxwsxw vwuxfwxuhv fdq eh dssur{lpdwhg zhoo zlwk gdwd iurp

wkh XV rqo|/ dv lq Nhoohu +5334,1

Wdeoh 817= Dyhudjh Lpsruw Vkduhv lq Wudqvsruw Htxlsphqw> 4<;30<:> lq shu fhqw
|J

soJ6
Fdqdgd XVD Mdsdq Iudqfh Jhupdq| Lwdo|

Fdqdgd 3 75137 4148 3174 31<4 516;

XVD ;9186 3 8<17: <199 4;159 ;147

Mdsdq <18< 741:6 3 9169 58145 6155

Iudqfh 4179 6159 71;: 3 6:15< 66135

Jhupdq| 514; 44165 6514< 9916: 3 8916;

Lwdo| 3157 4198 5167 4:14< 4;175 3

Wkh lqwud0lqgxvwu| vslooryhu yduldeohv duh frqvwuxfwhg xvlqj lpsruw vkduhv dv zhljkwv1

Wkhvh duh frqfhswxdoo| htxlydohqw wr wkh lqsxw0rxwsxw frh!flhqwv fdswxulqj grphvwlf
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wudgh uhodwlrqv1 Wkh lpsruw vkduhv duh frqvwuxfwhg gudzlqj rq Ihhqvwud*v +5333, gdwd ri

lpsruw  rzv ryhu wkh shulrg 4<;304<<:1 Wlph0lqyduldqw lpsruw0vkduhv duh frqvwuxfwhg

dyhudjlqj wkh lpsruw0vkduhv ryhu 4<;304<<:1 Dv dq h{dpsoh/ wkh elodwhudo lpsruw vkduh

pdwul{ iru wudqvsruw htxlsphqw lv vkrzq lq Wdeoh 8171

Dyhudjh lpsruw vkduhv ryhu doo lqgxvwulhv duh vkrzq lq Wdeoh 8181 Dv fdq eh vhhq

lq wkhvh wdeohv/ lpsruw vkduhv duh gl�huhqw dfurvv zruog uhjlrqv1 Wkh| duh fhuwdlqo|

uhodwhg wr jhrjudsk|1 Zkloh Fdqdgd dqg Mdsdq uhfhlyh prvw ri wkhlu lpsruwv iurp wkh

XV/ Hxurshdq frxqwulhv wudgh pruh dprqj hdfk rwkhu dqg whqg wr uhfhlyh wkhlu odujhvw

lpsruw vkduh iurp Jhupdq|1 Wkh XV uhfhlyh prvw ri wkhlu lpsruwv iurp Fdqdgd dqg

Mdsdq/ zkloh wkhlu eljjhvw Hxurshdq wudgh sduwqhu lv Jhupdq|1

Wdeoh 818= Dyhudjh Elodwhudo Lpsruw Vkduhv ryhu doo Lqgxvwulhv> 4<;304<<:> lq shu fhqw
|J

soJ6
Fdqdgd XVD Mdsdq Iudqfh Jhupdq| Lwdo|

Fdqdgd 3 6<166 ;14: 419: 5188 5159

XVD ;71<; 3 9914; 4716: 4<173 48154

Mdsdq 917; 66184 3 91<8 461<5 8183

Iudqfh 51:< :165 81:4 3 66136 631::

Jhupdq| 51<8 44137 4616; 7:148 3 79158

Lwdo| 315; ;1:< 9188 5<1;8 6413< 3

Lpsruw lqsxw0rxwsxw pdwulfhv surylghg e| wkh RHFG duh xvhg wr frqvwuxfw zhljkwv

iru wkh lqwhu0lqgxvwu| vslooryhu yduldeoh1 Wkh frh!flhqwv duh fdofxodwhg lq d pdqqhu

frpsohwho| dqdorjrxv wr wkh lqsxw0rxwsxw frh!flhqwv iru wkh grphvwlf vslooryhu yduldeoh1

Djdlq/ wkhuh duh vrph vlplodu sdwwhuqv dfurvv frxqwulhv/ exw vljql�fdqw txdqwlwdwlyh gli0

ihuhqfhv uhpdlq/ vr frqvwuxfwlqj zhljkwv lqglylgxdoo| iru hdfk frxqwu| lv dgydqwdjhrxv1

D pruh ghwdlohg ghvfulswlrq ri wkh frqvwuxfwlrq ri vslooryhu zhljkwv lv surylghg lq wkh

gdwd dsshqgl{1

Wkh qh{w vhfwlrq suhvhqwv hvwlpdwlrq uhvxowv frqfhuqlqj wkh lpsdfw ri vslooryhu ydul0

deohv rq wkh frvwv ri surgxfwlrq1
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816 Vslooryhuv lq RHFG Lqgxvwulhv

Dffruglqj wr U)G edvhg prghov ri jurzwk/ U)G pd| qrw rqo| hqkdqfh surgxfwlylw|

jurzwk lq wkh �up wkdw lqyhvwv lq lw1 Rwkhu hfrqrplf djhqwv fdq ehqh�w iurp wklv lqyhvw0

phqw wkurxjk nqrzohgjh vslooryhuv1 Wkhuh duh hvvhqwldoo| wzr gl�huhqw w|shv ri vslooryhu

fkdqqhov lpsolflw lq wkh prghov ghvfulehg lq fkdswhu 51 Iluvw/ lqgxvwu| � pd| ehqh�w iurp

lqqrydwlrqv ghyhorshg hovhzkhuh/ ehfdxvh wkh| duh hperglhg lq lqwhuphgldwh fdslwdo ru

pdwhuldo lqsxwv wkdw lw ex|v iurp rwkhu lqgxvwulhv� Wkxv/ lw grhv qrw kdyh wr lqyhqw wkhvh

qhz ru lpsuryhg surgxfwv lwvhoi wr ehqh�w iurp wkh lqqrydwlrq1 Wkhvh w|sh ri vslooryhuv

duh yhu| zhoo prghoohg zlwk wkh zhljkwlqj vfkhph ghvfulehg lq wkh suhylrxv vhfwlrq1

Erwk wkh Djklrq ) Krzlww +4<<;d, prgho dqg wkh Urphu +4<<3, prgho lpso| wkdw

wkhuh pd| eh glvhperglhg vslooryhuv dvvrfldwhg zlwk wkh nqrzohgjh surgxfwlrq surfhvv

lq dgglwlrq wr wklv1 Lqgxvwulhv dvslulqj wr ghyhors lqqrydwlrqv pd| ehqh�w iurp uhvhdufk

dqg ghyhorsphqw frqgxfwhg ehiruh lq rwkhu lqgxvwulhv/ ehfdxvh wklv doorzv wkhp wr exlog

rq suhylrxvo| ghyhorshg nqrzohgjh1 Pruh suhflvho|/ qhz lghdv pd| eh h{fkdqjhg h1j1

dw vflhqwl�f frqihuhqfhv/ gxh wr wkh pryhphqw ri hqjlqhhuv ehwzhhq gl�huhqw lqgxvwulhv

dqg2ru frxqwulhv ru ehfdxvh iruhljq gluhfw lqyhvwphqw doorzv uhvhdufk dqg ghyhorsphqw

shuvrqqho lq wkh frxqwu|/ zkhuh wkh lqyhvwphqw lv pdgh/ wr exlog rq nqrzohgjh fuhdwhg lq

wkh lqyhvwru*v frxqwu|1 Rqh frxog fhuwdlqo| wklqn ri pdq| rwkhu fkdqqhov iru glvhperglhg

vslooryhuv1

Hyhq wkrxjk wudgh uhodwhg zhljkwv duh fkrvhq wr frqvwuxfw vslooryhu yduldeohv/ lw lv

krshg wkdw wkhvh zrxog dovr fdswxuh dw ohdvw vrph ri wkh glvhperglhg vslooryhuv dvvrfldwhg

zlwk wkh nqrzohgjh surgxfwlrq surfhvv/ vkrxog wkdw eh ri hpslulfdo lpsruwdqfh1 Vlqfh

dq lghdo zhljkwlqj vfkhph grhv qrw h{lvw/ rqh dprqj wkh pdq| srvvlelolwlhv kdv wr eh

fkrvhq duelwudulo|1 Wkh prghov suhvhqwhg lq fkdswhu 5 surylgh fohdu jxlgdqfh dv wr krz

wr zhljkw vslooryhuv hperglhg lq lqwhuphgldwh lqsxwv/ zkloh lw lv gl!fxow wr ghulyh d

zhljkwlqj vfkhph iru glvhperglhg vslooryhuv1 Wkhuhiruh/ wudgh zhljkwv duh fkrvhq lq wklv

vwxg|1

Wr vhh zkhwkhu lw lv srvvleoh wr slq grzq nqrzohgjh h{whuqdolwlhv hpslulfdoo|/ wkh
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vslooryhu yduldeohv ghvfulehg lq wkh suhylrxv vhfwlrq duh lqfoxghg lq wkh frvw ixqfwlrq dv

h{whuqdo idfwruv1 Iurp d wkhruhwlfdo srlqw ri ylhz lw lv fhuwdlqo| ghvludeoh wr lqfoxgh

wkh wkuhh gl�huhqw vslooryhu yduldeohv vlpxowdqhrxvo| wr slq grzq wkhlu lqglylgxdo lpsdfw1

Wklv zrxog hqvxuh wkdw dq lqglylgxdo vslooryhu yduldeoh grhv qrw slfn xs wkh lpsdfw ri dq0

rwkhu yduldeoh wkdw zdv h{foxghg1 Xqiruwxqdwho|/ wklv dssurdfk suryhv lqihdvleoh ehfdxvh

ri pxowlfroolqhdulw| ehwzhhq wkh gl�huhqw vslooryhu yduldeohv1 Dv pruh dqg pruh U)G

yduldeohv duh lqfoxghg lq wkh hvwlpdwlrq/ hvwlpdwhv fkdqjh vrphwlphv gudpdwlfdoo| dqg

vwdqgdug huuruv ulvh1 Wkhuhiruh/ dq dowhuqdwlyh vwudwhj| lv sxuvxhg1 Wkh lpsdfw ri hdfk

vslooryhu yduldeoh lv lqyhvwljdwhg lqglylgxdoo|1 Lw lv wkhq whvwhg zkhwkhu wkh uhvxow/ wkdw

wkh lpsdfw lv vljql�fdqw/ lv urexvw wr h{foxglqj rzq U)G dqg wkh wuhqg whup iurp wkh

uhjuhvvlrq dqg wr hpsor|lqj d pruh  h{leoh wuhqg whup vshfl�fdwlrq1 Hvwlpdwlrq uhvxowv

zlwk vslooryhu yduldeohv wkdw suryh wr kdyh d vljql�fdqw lpsdfw rq frvwv duh uhsruwhg lq

dsshqgl{ D18/ li wklv uhvxow lv urexvw lq wkh vhqvh mxvw gh�qhg1

Lq irxu lqgxvwulhv/ irrg/ zrrg/ sxeolvklqj dqg sulqwlqj dqg pdqxidfwxulqj qrw hovh0

zkhuh fodvvl�hg/ qrqh ri wkh vslooryhu yduldeohv kdv d vljql�fdqw lpsdfw1 Vlqfh �h{rjh0

qrxv� whfkqrorjlfdo fkdqjh lv qhjdwlyh lq wkh hvwlpdwlrq zlwkrxw U)G yduldeohv iru wkh

wkuhh lqgxvwulhv phqwlrqhg �uvw/ wklv uhvxow lv qrw vxusulvlqj1 Wkhuh mxvw lv qr surgxf0

wlylw| jurzwk wr eh h{sodlqhg/ dw ohdvw lq wkh vdpsoh shulrg frqvlghuhg khuh1 Lq wkh

pdqxidfwxulqj lqgxvwulhv qrw hovhzkhuh fodvvl�hg/ lq wxuq/ wkhuh lv vrph srvlwlyh surgxf0

wlylw| jurzwk/ zklfk krzhyhu vhhpv wr kdyh d gl�huhqw vrxufh wkdq lqyhvwphqw lq U)G

ru nqrzohgjh vslooryhuv1

Dv dq ryhudoo slfwxuh/ nqrzohgjh fuhdwhg lq wkh vdph lqgxvwu| deurdg vhhpv wr eh wkh

prvw lpsruwdqw vrxufh ri vslooryhuv1 Li d vljql�fdqw lpsdfw ri dq| ri wkh vslooryhu yduldeohv

fdq eh irxqg dw doo/ wkh lqwud0lqgxvwu| vslooryhu yduldeoh lv dprqj lw iru doprvw doo wkh

lqgxvwulhv1 Wkh rqo| h{fhswlrq lv wkh qrq0phwdoolf plqhudo surgxfwv lqgxvwu|/ zkhuh rqo|

grphvwlf vslooryhuv kdyh d vljql�fdqw lpsdfw1 Frqvhtxhqwo|/ wkh vshfl�fdwlrq zlwk rzq

U)G dqg grphvwlf vslooryhuv lv uhsruwhg iru qrq0phwdoolf plqhudo surgxfwv lq dsshqgl{

D181 Iru doo rwkhu lqgxvwulhv wkh lqwud0lqgxvwu| vslooryhu yduldeoh lv fkrvhq lqvwhdg1 Li
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erwk wkh U)G yduldeoh dqg wkh lqwud0lqgxvwu| vslooryhu yduldeoh duh vljql�fdqw/ erwk duh

lqfoxghg lq wkh hvwlpdwlrq1 Li/ lqvwhdg/ rqo| wkh vslooryhu yduldeoh lv vljql�fdqw/ lw lv

lqfoxghg dorqh1 Wklv lv wkh fdvh iru wkh fkhplfdo dqg wkh uxeehu dqg sodvwlfv lqgxvwu|1

Lq wkh wh{wlohv lqgxvwu| dqg lq wkh fkhplfdo lqgxvwu| lqwhuqdwlrqdo lqwhu0lqgxvwu|

vslooryhuv dovr kdyh d vljql�fdqwo| qhjdwlyh lpsdfw rq frvwv1 Wklv �qglqj lv urexvw wr

wkh h{foxvlrq ri rzq U)G dqg wkh wuhqg whup1 Wkh zhoo0nqrzq vljqv ri pxowlfroolqhdu0

lw| dsshdu/ krzhyhu/ zkhq erwk lqwhuqdwlrqdo vslooryhu yduldeohv duh lqfoxghg wrjhwkhu=

wkh hvwlpdwhg lpsdfw fkdqjhv dqg vwdqgdug huuruv ulvh gudpdwlfdoo|1 Lw lv lpsrvvleoh wr

slq grzq hpslulfdoo| zklfk rqh ri wkh wzr yduldeohv lv uhdoo| uhohydqw dqg zkdw lv wkhlu

uhodwlyh lpsruwdqfh1 Wkh hvwlpdwlrq uhvxowv zlwk wkh lqwud0lqgxvwu| vslooryhu yduldeoh

duh uhsruwhg iru wzr uhdvrqv1 Iluvw/ wkh idfw wkdw lw lv vljql�fdqw lq vr pdq| lqgxvwulhv

vxjjhvwv wkdw lw lv wkh prvw lpsruwdqw dprqj wkh vslooryhu vrxufhv frqvlghuhg khuh1 Vhf0

rqg/ lw lv vrphzkdw lpsodxvleoh wkdw dq lqgxvwu| vkrxog ehqh�w iurp nqrzohgjh fuhdwhg

lq iruhljq lqgxvwulhv rwkhu wkdq lwvhoi/ zkloh nqrzohgjh fuhdwhg lq wkrvh vdph lqgxvwulhv

orfdwhg dw krph kdv qr lpsdfw rq lwv surgxfwlylw|1 Wkhuhiruh/ wkh hvwlpdwhg lpsdfw ri

wkh lqwud0lqgxvwu| vslooryhu lv ghhphg pruh uholdeoh1

Pruhryhu/ lq wkh wh{wlohv lqgxvwu| wkh lpsdfw ri rzq U)G ehfrphv vljql�fdqw dorqj

zlwk wkh vslooryhu yduldeoh/ dv vrrq dv wkh wuhqg whup lv h{foxghg iurp wkh hvwlpdwlrq1

Vlqfh surgxfwlylw| jurzwk hvwlpdwhg zlwk wkh wuhqg whup lv vljql�fdqw hyhq diwhu wkh

lqfoxvlrq ri nqrzohgjh yduldeohv lq wkh hvwlpdwlrq/ dsshqgl{ D18 uhsruwv uhvxowv ri wkh

vshfl�fdwlrq zlwk wkh wuhqg whup sdudphwhuv Ku| dqg K| dqg wkh lqwud0lqgxvwu| vslooryhuv/

exw zlwkrxw lwv rzq U)G fdslwdo vwrfn1

Lqwhuqdwlrqdo lqwud0 dqg lqwhu0lqgxvwu| vslooryhuv duh dovr vljql�fdqw lq wkh hohfwulfdo

dqg rswlfdo htxlsphqw lqgxvwu|/ dv orqj dv rzq U)G lv qrw lqfoxghg lq wkh hvwlpdwlrq1

Vlqfh/ wkhvh uhvxowv duh qrw urexvw lq wkh vhqvh gh�qhg deryh/ wkh| duh qrw uhsruwhg1

Krzhyhu/ lw vkrxog eh qrwhg wkdw iru wklv lqgxvwu| lw lv qrw rqo| kdug wr glvwlqjxlvk wkh

lq xhqfh ri gl�huhqw vslooryhu vrxufhv1 Lw lv dovr gl!fxow/ li qrw lpsrvvleoh/ wr gl�huhqwldwh

ehwzhhq wkh lq xhqfh ri wkh lqgxvwu|*v rzq U)G lqyhvwphqwv dqg vslooryhuv1
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Wkh gl!fxow| wr fkrrvh wkh uljkw vrxufhv ri surgxfwlylw| jurzwk iru wkh lqgxvwulhv

glvfxvvhg lq wkh suhylrxv sdudjudskv lv fhuwdlqo| d v|pswrp ri wkh pruh jhqhudo sureohp

wkdw gl�huhqw pxowlfroolqhdu yduldeohv duh frqmhfwxuhg wr hqwhu wkh hvwlpdwlrq htxdwlrq1

Lq vxfk d fdvh lw lv yhu| gl!fxow wr ghflgh hpslulfdoo|/ zklfk yduldeoh lv uhohydqw lq uhdolw|1

Wdeoh 819= Lq xhqfh ri Vslooryhu Yduldeohv rq wkh Surgxfwlylw| Jurzwk Hvwlpdwhv

Lqgxvwu| Surg1 XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Wh{wlohv �0�A 319; 3198 0 3197 3199 3196

+313<, +313<, +313<, +313<, +313<,

�0
Krsr
�A 3187 3185 3184 3185 +3183,

+313<, +313<, +3143, +313<, +3143,

Fkhplfdov �0�A 314: 314: 0 3148 314: 0

+3134, +3139, +3134, +3134,

�0
Krsr
�A 313; 313< 313; 313; 3143

+313:, +313:, +3139, +313;, +3143,

Sodvwlfv �0�A 03146 03134 0 0314; 03148

+313<, +3143, +3143, +3143,

�0
Krsr
�A 03155 0314; 0315< 03158

+3143, +3144, +3144, +3143,

Plqhudo Surg1 �0�A 3165 315< 0 3165 3167 3165

+3149, +3147, +3149, +314:, +3149,

�0Kr_�A 0313334 0313335 0313334 0313334

+31335, +31335, +31335, +31335,

Phwdov �0�A 315< 315: 3154 3158 3163 3159

+3138, +313:, +3139, +313:, +313:, +313:,

�0
Krsr
�A 315; 315: 3153 3157 315; 3157

+313;, +313:, +313:, +313:, +315:, +313:,

Pdfklqhu| �0�A 3164 315: 315< 3168 315;

+3146, +3147, +348, +3147, +3147,

�0
Krsr
�A 03197 031:3 031:7 03197 03199

+314<, +314<, +3153, +314<, +314;,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Dv U)G edvhg jurzwk wkhru| zrxog vxjjhvw/ wkh vslooryhu yduldeohv dssduhqwo| h{sodlq

d sruwlrq ri wkh revhuyhg surgxfwlylw| jurzwk1 Wdeoh 819 uhsruwv surgxfwlylw| jurzwk hv0

wlpdwhv rewdlqhg zlwk dqg zlwkrxw vslooryhu yduldeohv lqfoxghg lq wkh hvwlpdwlrq1 �0
Krsr
�A

lv wkh frvw hodvwlflw| zlwk uhvshfw wr wkh wuhqg whup rewdlqhg iurp wkh hvwlpdwlrq lqfoxg0

456



lqj lqwud0lqgxvwu| vslooryhuv/ zkloh �0Kr_�A lv rewdlqhg iurp wkh hvwlpdwlrq lqfoxglqj wkh

grphvwlf vslooryhu yduldeoh1 Wklv vslooryhu yduldeoh lv vljql�fdqw rqo| lq wkh frvw ixqfwlrq

iru wkh plqhudo surgxfwv lqgxvwu|1

Lqfoxglqj vslooryhu yduldeohv orzhuv wkh gxdo phdvxuh ri whfkqrorjlfdo fkdqjh lq doo

ri wkh lqyhvwljdwhg lqgxvwulhv1 Wkh rqo| h{fhswlrq lv wkh edvlf dqg ideulfdwhg phwdov

lqgxvwu|/ zkhuh wkh lpsolhg surgxfwlylw| jurzwk ghfuhdvhv rqo| voljkwo|/ hyhq li erwk wkh

lqgxvwu|*v rzq U)G fdslwdo vwrfn dqg wkh vljql�fdqw lqwud0lqgxvwu| vslooryhu yduldeoh duh

lqfoxghg lq wkh hvwlpdwlrq1

Wkh ghfuhdvh lv dovr txlwh vpdoo lq wkh wh{wlohv lqgxvwu|/ zkhuh vljql�fdqwo| srvlwlyh

surgxfwlylw| jurzwk lv vwloo hvwlpdwhg hyhq diwhu wkh lqfoxvlrq ri wkh vslooryhu yduldeoh

lqwr wkh hvwlpdwlrq htxdwlrq1 Wklv vxjjhvwv wkdw wkhuh vhhp wr eh rwkhu vrxufhv wkdq

nqrzohgjh fuhdwlrq dv d uhvxow ri uhvhdufk dqg ghyhorsphqw h�ruw wkdw duh lpsruwdqw iru

surgxfwlylw| jurzwk lq wklv lqgxvwu|1

Lq wkh fkhplfdov lqgxvwu| wkh vpdoo exw vljql�fdqw surgxfwlylw| jurzwk wkdw lv phd0

vxuhg zkhq hvwlpdwlqj wkh frvw ixqfwlrq zlwkrxw U)G yduldeohv ehfrphv hyhq vpdoohu

dqg lqvljql�fdqw rqfh wkh lqwud0lqgxvwu| vslooryhu yduldeoh lv lqfoxghg lq wkh hvwlpdwlrq1

Olnhzlvh/ lq wkh plqhudo surgxfwv lqgxvwu| hyhq wkh srlqw hvwlpdwh ri surgxfwlylw| jurzwk

lv yluwxdoo| }hur rqfh wkh grphvwlf vslooryhu yduldeoh lv lqfoxghg lq wkh hvwlpdwlrq/ zkloh

lw lv vljql�fdqwo| srvlwlyh zkhq U)G yduldeohv duh qrw lqfoxghg1 Lq wkhvh wzr lqgxvwulhv/

wkh wuhqg whup vhhpv wr fdswxuh surgxfwlylw| jurzwk gxh wr nqrzohgjh vslooryhuv zkhq

wkhvh duh qrw h{solflwo| wdnhq lqwr dffrxqw1

Lq wkh pdfklqhu| lqgxvwu| wkh surgxfwlylw| jurzwk hvwlpdwh phdvxuhg zlwk wkh wuhqg

whup hyhq ehfrphv vljql�fdqwo| qhjdwlyh rqfh erwk wkh lqgxvwu|*v rzq U)G h�ruw dqg

lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv duh dffrxqwhg iru1 Wklv lv dq lqglfdwlrq wkdw vrxufhv

ri whfkqrorjlfdo fkdqjh rwkhu wkdq nqrzohgjh fuhdwlrq/ vxfk dv rujdql}dwlrqdo fkdqjhv

ru jryhuqphqw srolflhv/ kdyh dgyhuvh h�hfwv rq surgxfwlylw| jurzwk1 Wklv dovr vhhpv

wr krog iru wkh uxeehu dqg sodvwlfv lqgxvwu|/ zkhuh hvwlpdwhg surgxfwlylw| jurzwk lv

qhjdwlyh exw lqvljql�fdqw lq wkh hvwlpdwlrq zlwkrxw U)G yduldeohv1 Zlwk lqwud0lqgxvwu|
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Wdeoh 81:= Dyhudjh Frvw Hodvwlflwlhv zlwk Uhvshfw wr Vslooryhu Yduldeohv

Lqgxvwu| U)G XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Wh{wlohv 0�rsr 031338 031343 0 031343 03145: 031343

+31334, +31336, +31334, +31374, +31337,

Fkhplfdov 0�rsr 031336 031356 0 031346 03145; �314;3

+31334, +3133:, +31337, +3136<, +31399,

Sodvwlfv 0�rsr 031338 031354 0 031349 0314;7 0

+31335, +31344, 0 +3133;, +313<6, 0

Plqhudo Surg1 0�r_ 031495 031359 031458 03136: 0313<<

+3139:, +31344, +31386, +31349, +31374,

Phwdov 0�- 03135: 031334 031374 03136; 03134: 031355

+31345, +31337, +3134<, +3134;, +3133;, +31343,

0�rsr 03135: 0313;; 031398 031395 031833 03144:

+31346, +31359, +31353, +3134;, +31478, +31368,

Pdfklqhu| 0�- 0 031368 031487 031548 0313;8 031453

0 +3133:, +313<, +31374, +31349, +31356,

0�rsr 0 031366 031348 031347 031658 031387

0 +31343, +31338, +31337, +313<<, +31349,

0�rsr= Frvw Hodvwlflw| z1u1w1 wkh Lqwud0Lqgxvwu| Vslooryhu Yduldeoh

0�r_= Frvw Hodvwlflw| z1u1w1 wkh Grphvwlf Vslooryhu Yduldeoh

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

vslooryhuv lqfoxghg lq wkh hvwlpdwlrq/ wkh hvwlpdwh ri whfkqrorjlfdo uhjuhvv ulvhv hqrxjk

lq devroxwh ydoxh vr wkdw lw ehfrphv vljql�fdqwo| qhjdwlyh1

Ryhudoo wkhvh uhvxowv vhhp wr vxjjhvw wkdw lq olqh zlwk wkh U)G edvhg wkhrulhv ri

jurzwk suhvhqwhg lq fkdswhu 5 pdunhw gulyhq nqrzohgjh fuhdwlrq fdq dffrxqw iru prvw

ri wkh revhuyhg surgxfwlylw| jurzwk1 Zkloh uhvxowv gl�hu frqvlghudeo| dfurvv lqgxvwulhv/

erwk h{fhvv uhwxuqv wr lqyhvwphqwv lq U)G dqg vslooryhuv iurp rwkhu lqgxvwulhv duh irxqg

wr h{sodlq vrph ri wkh whfkqrorjlfdo fkdqjh wkdw lv phdvxuhg zkhq U)G yduldeohv duh qrw

dffrxqwhg iru lq wkh hvwlpdwlrq1 Vlqfh surgxfwlylw| jurzwk hvwlpdwhg zlwk wkh wuhqg whup

ehfrphv lqvljql�fdqw ru hyhq qhjdwlyh lq wkh pdmrulw| ri lqgxvwulhv/ lw fdq eh frqfoxghg

wkdw vrxufhv ri whfkqrorjlfdo fkdqjh rwkhu wkdq lqqrydwlrqv pruh riwhq wkdq qrw vhhp wr

kdyh dgyhuvh h�hfwv rq U)G1

Lq doo ri wkh lqgxvwulhv zkhuh vslooryhuv duh irxqg wr kdyh d vljql�fdqw lpsdfw rq frvwv

wklv h�hfw lv irxqg wr eh qhjdwlyh1 Wklv fdq eh yhul�hg lq Wdeoh 81:/ zklfk uhsruwv
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dyhudjh frvw hodvwlflwlhv zlwk uhvshfw wr rzq U)G dqg zlwk uhvshfw wr wkh vslooryhu

yduldeoh1 0�- ghqrwhv wkh frvw hodvwlflw| zlwk uhvshfw wr wkh lqgxvwu|*v rzq U)G fdslwdo

vwrfn/ 0�rsr lv wkh frvw hodvwlflw| zlwk uhvshfw wr wkh lqwhuqdwlrqdo lqwud0lqgxvwu| yduldeoh/

zkloh 0�r_ ghqrwhv wkh frvw hodvwlflw| zlwk uhvshfw wr wkh grphvwlf lqwhu0lqgxvwu| vslooryhu

yduldeoh1

Vlqfh wkh lpsdfw ri U)G dqg vslooryhu yduldeohv lv qhjdwlyh/ wkhvh yduldeohv vkliw

wkh frvw ixqfwlrq grzqzdugv/ lpso|lqj wkdw wkh| duh d vrxufh ri whfkqrorjlfdo surjuhvv/

dv U)G edvhg prghov ri jurzwk zrxog vxjjhvw1 Vlplodu dv wkh frvw hodvwlflwlhv zlwk

uhvshfw wr wkh lqgxvwulhv* rzq U)G fdslwdo vwrfnv/ wkh hodvwlflwlhv zlwk uhvshfw wr vslooryhu

yduldeohv whqg wr eh odujhu lq devroxwh ydoxh wkdq wkh surgxfwlylw| jurzwk hvwlpdwhg zlwk

wkh wuhqg whup lq wkh hvwlpdwlrq zlwkrxw U)G yduldeohv1 Dv glvfxvvhg lq vhfwlrq 814/

wklv vhhpv wr vxjjhvw wkdw wkh wuhqg whup slfnv xs vrph ri wkh surgxfwlylw| jurzwk gxh

wr nqrzohgjh fuhdwlrq/ exw qrw doo ri lw/ zkhq U)G yduldeohv duh qrw dffrxqwhg iru lq

wkh hvwlpdwlrq1 Wklv dovr �wv lqwr wkh lqwhusuhwdwlrq rxwolqhg ehiruh/ wkdw vrph ri wkh

vrxufhv ri whfkqrorjlfdo fkdqjh rwkhu wkdq lqqrydwlrqv vhhp wr kdyh dgyhuvh h�hfwv rq

surgxfwlylw| jurzwk1

Lw lv d vrphzkdw uholhylqj �qglqj wkdw lq vslwh ri wkh pxowlfroolqhdulw| ehwzhhq gli0

ihuhqw U)G yduldeohv/ lqfoxglqj vslooryhu yduldeohv lq wkh hvwlpdwlrq kdugo| vhhpv wr

fkdqjh wkh frvw hodvwlflw| zlwk uhvshfw wr U)G lq prvw lqgxvwulhv1 Wklv fdq eh yhul�hg

frpsdulqj Wdeohv 81: dqg 8151

U)G edvhg prghov ri jurzwk vxjjhvw wkdw wkh hfrqrp|*v vwrfn ri nqrzohgjh lv d

vrxufh ri lqfuhdvlqj uhwxuqv1 Wklv pd| dsso| wr nqrzohgjh fuhdwhg lq wkh lqgxvwu| zkhuh

lw frqwulexwhv wr hfrqrplhv ri vfdoh dv zhoo dv wr vslooryhuv1 Wr dvvhvv wkh lpsruwdqfh ri

wklv h�hfw lq wkh lqyhvwljdwhg lqgxvwulhv/ wkh udwh ri uhwxuqv wr vfdoh lqfoxglqj wkh h�hfw

ri h{fhvv uhwxuqv wr wkh lqgxvwulhv* rzq U)G fdslwdo dv zhoo dv wkh h�hfw ri vslooryhuv lv

uhsruwhg lq Wdeoh 81;1 # fdswxuhv erwk lqwhuqdo dqg h{whuqdo hfrqrplhv ri vfdoh zklfk

duh gxh wr vslooryhuv1 Iru wkrvh lqgxvwulhv iru zklfk qr vljql�fdqw lpsdfw ri vslooryhu

yduldeohv frxog eh irxqg # ri frxuvh htxdov #�s lq Wdeoh 816
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Wdeoh 81;= Dyhudjh Hfrqrplhv ri Vfdoh lq Ulydo Idfwruv/ U)G Fdslwdo dqg Vslooryhuv

Lqgxvwu| U)G XV Lwdo| Mdsdq Jhupdq| Fdqdgd Iudqfh

Wh{wlohv # 41493 414<8 0 4147; 415<8 41485

+31364, +31366, 0 +31364, +31397, +31363,

Fkhplfdov # 41455 41565 0 414<9 41635 0

+31363, +31365, 0 +3135<, +31395, 0

Sodvwlfv # 415:9 41543 0 414<4 41743 0

+31379, +31375, 0 +31374, +3145:, 0

Plqhudo Surg1 # 418;7 417<; 0 417<< 4165: 4177<

+3146;, +313;4, 0 +3143:, +3139<, +313<5,

Phwdov # 41573 41648 416:< 4165; 41;49 4165:

+31386, +3139<, +313:6, +31399, +31545, +313:7,

Pdfklqhu| # 0 414<9 41769 41838 41935 416;9

0 +31374, +313:3, +313<4, +3146;, +31388,

Hohfw1 )Rsw1 Ht1 # 0 41493 414:4 41579 4157; 414<4

0 +3136:, +31373, +3138;, +3137<, +31393,

Wudqvsruw # 416:; 41644 415;3 415:3 41469 41637

+31435, +3138:, +31386, +3138;, +31375, +31396,

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Dv lq wkh hvwlpdwlrq zlwk rzq U)G/ wkh hvwlpdwhg lqwhuqdo udwh ri uhwxuqv wr vfdoh

lv txlwh urexvw wr wkh lqfoxvlrq ri ixuwkhu nqrzohgjh yduldeohv1 Rqo| lq wkh fkhplfdo

lqgxvwu| grhv lw ghfuhdvh vrphzkdw1 Wklv lv dovr wkh uhdvrq zk| # lv voljkwo| orzhu wkdq

wkh hvwlpdwh ri lqwhuqdo hfrqrplhv ri vfdoh suhvhqwhg lq Wdeoh 719 iru wkh XV fkhplfdo

lqgxvwu|1 Vlqfh wklv h�hfw lv revhuyhg iru rqo| rqh lqgxvwu| lw grhv qrw vhhp zlvh wr

gudz dq| frqfoxvlrqv iurp wklv1 Udwkhu/ wkh lqyhuvh ri wkh frvw hodvwlflw| zlwk uhvshfw

wr rxwsxw vhhpv wr fdswxuh wkh lqwhuqdo udwh ri uhwxuqv wr vfdoh txlwh dffxudwho| lq prvw

lqgxvwulhv/ zkhwkhu ru qrw nqrzohgjh yduldeohv duh lqfoxghg lq wkh hvwlpdwlrq1

Krzhyhu/ ryhudoo uhwxuqv wr vfdoh lq wudglwlrqdo idfwruv/ rzq U)G dqg nqrzohgjh

vslooryhuv duh kljkhu wkdq lqwhuqdo hfrqrplhv ri vfdoh dorqh iru doprvw doo lqgxvwulhv dqg

frxqwulhv1 Iru vrph lqgxvwulhv/ prvw qrwdeo| qrq0phwdoolf plqhudo surgxfwv/ wkh pdfklq0

hu| lqgxvwu| dqg wr vrph h{whqw wkh edvlf dqg ideulfdwhg phwdo lqgxvwu|/ wkh gl�huhqfh lv

vxevwdqwldo1 Lq wkh �uvw wzr lqgxvwulhv/ lqwhuqdo dqg h{whuqdo hfrqrplhv ri vfdoh wrjhwkhu

lpso| d udwh ri uhwxuqv wr vfdoh wkdw lv forvh wr 418 dqg kljkhu lq pdq| frxqwulhv Lq
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dffrugdqfh zlwk wkh wkhruhwlfdo prgho/ wkh hpslulfdo uhvxowv lpso| wkdw nqrzohgjh lv d

vrxufh ri hfrqrplhv ri vfdoh1

Ryhudoo/ wkh uhvxowv suhvhqwhg lq wklv vhfwlrq dqg lq vhfwlrq 814 duh yhu| pxfk lq

olqh zlwk wkh U)G edvhg prghov ri jurzwk suhvhqwhg lq wkh vhfrqg fkdswhu1 Hlwkhu

wkh lqgxvwulhv* rzq U)G fdslwdo vwrfnv ru vslooryhuv ru erwk duh irxqg wr eh vrxufhv

ri surgxfwlylw| jurzwk lq wkh pdmrulw| ri wkh lqyhvwljdwhg lqgxvwulhv1 Wkhvh nqrzohgjh

yduldeohv fdxvh grzqzdug vkliwv ri wkh lqgxvwulhv* frvw ixqfwlrqv1 Vlqfh surgxfwlylw|

jurzwk hvwlpdwhg zlwk wkh wuhqg whup ghfuhdvhv rqfh nqrzohgjh yduldeohv duh lqfoxghg

lq wkh hvwlpdwlrq/ lw fdq eh frqfoxghg wkdw wkh wuhqg whup slfnv xs vrph ri wkh h�hfw

ri U)G dv orqj dv lw lv qrw dffrxqwhg iru h{solflwo| lq wkh hvwlpdwlrq1 Dv U)G edvhg

prghov ri jurzwk zrxog vxjjhvw/ erwk wkh lqgxvwulhv* rzq U)G fdslwdo vwrfnv dqg2ru

vslooryhuv iurp rwkhu lqgxvwulhv duh vkrzq wr eh d vrxufh ri hfrqrplhv ri vfdoh1

Dw wkh vdph wlph/ wkh uhvxowv suhvhqwhg lq wklv fkdswhu vxjjhvw wkdw lw lv yhu| uhyhdolqj

wr fkrrvh d pruh glvdjjuhjdwh hvwlpdwlrq ohyho dqg wr gl�huhqwldwh ehwzhhq lqgxvwulhv1

Wkh hvwlpdwhg lpsdfw ri wkh gl�huhqw lqgxvwulhv* uhvhdufk dqg ghyhorsphqw dfwlylw| iru

wkhlu rzq whfkqrorjlfdo dgydqfhphqwv dv zhoo iru surgxfwlylw| jurzwk lq rwkhu vhfwruv

gl�huv frqvlghudeo| dfurvv lqgxvwulhv1 Lq idfw/ lq d qxpehu ri lqgxvwulhv qhlwkhu vljql�fdqw

surgxfwlylw| jdlqv qru dq| uroh iru nqrzohgjh dv d gulylqj irufh iru wkhp fdq eh irxqg1

Rq wkh frqwudu|/ wkhuh vhhp wr eh h�hfwv rwkhu wkdq nqrzohgjh fuhdwlrq dqg lqqrydwlrqv

wkdw dgyhuvho| d�hfw wkh lqgxvwulhv* surgxfwlylw|1

Lw lv dovr lpsruwdqw wr qrwh wkdw gl�huhqw nqrzohgjh yduldeohv dqg wkh wuhqg duh

kljko| froolqhdu/ vr wkdw lw lv h{wuhpho| gl!fxow wr jhw suhflvh hvwlpdwhv ri wkh lpsdfw ri

gl�huhqw vrxufhv ri whfkqrorjlfdo fkdqjh dqg wr dvvhvv wkhlu uhodwlyh lpsruwdqfh1 \hw/ wkh

uhvxowv suhvhqwhg lq wklv vhfwlrq duh fduhixoo| fkhfnhg iru wkhlu urexvwqhvv1 Iru wklv uhdvrq

wkh| fdq eh frqvlghuhg txlwh uholdeoh1 Prvw qrwdeo| lw vhhpv vdih hqrxjk wr gudz wkh

frqfoxvlrq wkdw iru wkh lqgxvwulhv lqyhvwljdwhg lq wklv vwxg|/ lqwhuqdwlrqdo lqwud0lqgxvwu|

vslooryhuv vhhp wr eh prvw lpsruwdqw dprqj wkh wkuhh gl�huhqw vslooryhu vrxufhv wkdw duh

wdnhq lqwr dffrxqw1
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Wkh qh{w vhfwlrq ghvfulehv krz wkh uhvxowv suhvhqwhg lq wklv fkdswhu frpsduh zlwk

h{lvwlqj uhvxowv frqfhuqlqj wkh lpsdfw ri U)G dqg vslooryhuv rq surgxfwlylw|1

817 Nqrzohgjh dqg Surgxfwlylw| 0 H{lvwlqj Uhvxowv

Frh ) Khospdq*v +4<<8, lqyhvwljdwlrq lv rqh ri wkh hduolhvw dqg prvw surplqhqw frxqwu|0

ohyho vwxglhv h{solflwo| dlphg dw whvwlqj wkh hpslulfdo uhohydqfh ri hqgrjhqrxv jurzwk

prghov1 Wkh dxwkruv uhjuhvv wkh grphvwlf dqg iruhljq wudgh zhljkwhg U)G fdslwdo vwrfnv

rq wkh orj ri wrwdo idfwru surgxfwlylw| xvlqj wudgh vkduhv wr zhljkw wkh vslooryhu yduldeoh1

Zlwk d sdqho ri 55 dgydqfhg hfrqrplhv ryhu 4<:404<<3/ wkh| �qg wkdw U)G lv lqghhg

vkduhg dfurvv qdwlrqdo erughuv1 Erwk grphvwlf dqg iruhljq lpsruw0vkduh0zhljkwhg U)G

fdslwdo vwrfnv duh irxqg wr irvwhu wrwdo idfwru surgxfwlylw|1

Wdeoh 81<= Hvwlpdwhv ri Rxwsxw Hodvwlflwlhv ri U)G Fdslwdo dw wkh Frxqwu| Ohyho

Vwxg| FUV dqg SF Gluhfw Lqgluhfw Vdpsoh Rev1

lpsrvhgW Hodvwlflw| Hodvwlflw| Shulrg

Frh ) Khospdq +4<<8, |hv 313:;0 31360 4<:4 773

31567 3148 0<3

Hqjhoeuhfkw +4<<:, |hv 313880 313940 4<:4 648

313:5 313;: 0;8

Ndr/ Fkldqj ) Fkhq +4<<<, |hv 313<4 31377 4<:4 773

+3135, +3136, 0<3

Olfkwhqehuj ) |hv 3134: 31377 4<:40 773

Srwwhovehujkh +4<<9, +3133;, +31338, <3
WFUV= Frqvwdqw Uhwxuqv wr Vfdoh> SF= Shuihfw Frpshwlwlrq

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

Wkh Frh dqg Khospdq vwxg| kdv ohg d qxpehu ri uhvhdufkhuv wr h{whqg wkh iudph0

zrun/ xvlqj hvvhqwldoo| wkh vdph gdwd1 Hqjhoeuhfkw +4<<:, dggv kxpdq fdslwdo wr wkh

Frh0Khospdq vshfl�fdwlrq1 Zkloh lghqwli|lqj dq lpsruwdqw uroh ri kxpdq fdslwdo dv dq

dgglwlrqdo hqjlqh ri surgxfwlylw| jurzwk/ kh frq�upv Frh ) Khospdq*v +4<<8, uhvxowv

frqfhuqlqj wkh lpsdfw ri U)G rq surgxfwlylw|1 Wr dffrxqw pruh dssursuldwho| iru xqlw

urrwv lq wkh gdwd Ndr hw do1 +4<<<, uhshdw Frh ) Khospdq*v +4<<8, lqyhvwljdwlrq xvlqj
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G|qdplf ROV dqg Ixoo|0Prgl�hg ROV1 Wkh dxwkruv frq�up wkh txdolwdwlyh uhvxow wkdw

erwk grphvwlf U)G dqg lqwhuqdwlrqdo vslooryhuv kdyh dq lpsruwdqw lpsdfw rq surgxf0

wlylw|1 Olfkwhqehuj ) ydq Srwwhovehujkh gh od Srwwhulh +4<<9, �qg wkdw wkh wudgh0vkduh

zhljkwhg vslooryhu yduldeoh ehfrphv lqvljql�fdqw/ rqfh dq dgglwlrqdo IGL0zhljkwhg ydul0

deoh lv lqfoxghg lq wkh hvwlpdwlrq1 Zkloh wklv frxog eh lqwhusuhwhg dv d vljq wkdw IGL lv

pruh lpsruwdqw dv d fkdqqho ri surgxfwlylw| vslooryhuv wkdq wudgh/ lw lv pxfk pruh olnho|

wr eh vlpso| d sureohp ri pxowlfroolqhdulw|1 Jlyhq wkdw wkh vslooryhu yduldeohv gl�hu rqo|

lq wkhlu zhljkwv/ wkh| duh pruh wkdq olnho| wr eh kljko| froolqhdu1

Krslqj wr jdlq ixuwkhu lqvljkw lqwr gl�huhqw vslooryhu vrxufhv/ Nhoohu +5334, frq0

vwuxfwv d grphvwlf vslooryhu yduldeoh/ dq lqwhuqdwlrqdo lqwud0lqgxvwu| dqg dq lqwhu0lqgxvwu|

vslooryhu yduldeoh xvlqj wkh zhljkwlqj vfkhph ghvfulehg lq vhfwlrq 815151 Wdeoh 8143 uh0

sruwv hvwlpdwlrq uhvxowv ri wkh vshfl�fdwlrq zlwk lqsxw0rxwsxw zhljkwv zlwk doo ri wkh

vslooryhu yduldeohv lqfoxghg lq wkh hvwlpdwlrq1 Wkh uhsruwhg lqgluhfw hodvwlflw| frqfhuqv

wkh grphvwlf vslooryhu yduldeoh1 Wkh hvwlpdwhv ydu| odujho| ghshqglqj rq zklfk vslooryhu

yduldeohv kh lqfoxghv/ dqg vwdqgdug huuruv ulvh dv pruh dqg pruh U)G yduldeohv hqwhu wkh

hvwlpdwlrq htxdwlrq1 Zkloh Nhoohu*v uhvxowv gr frq�up wkdw U)G pdwwhuv dv dq hqjlqh

ri surgxfwlylw| jurzwk/ fduh vkrxog eh wdnhq zkhq gudzlqj frqfoxvlrqv iurp wkh uhodwlyh

vl}h ri hvwlpdwhg U)G sdudphwhuv1 Ehfdxvh ri wkh pxowlfroolqhdulw| sureohp/ lw vhhpv

udwkhu xqolnho| wkdw lw lv srvvleoh wr suhflvho| slq grzq wkh uhodwlyh h�hfw ri gl�huhqw

vslooryhu yduldeohv1

Wdeoh 8143= Hvwlpdwhv ri Rxwsxw Hodvwlflwlhv ri U)G Fdslwdo dw wkh Lqgxvwu| Ohyho

Vwxg| FUV dqg Gluhfw Lqgluhfw Vdpsoh Rev1

SF lpsrvhgW Hodvwlflw| Hodvwlflw| Shulrg

Nhoohu +5334, FUV= |hv 4<:30 55;;

SF= qr 3193: 318:4 <4

+3144<, +3188;,

Yhuvsdjhq +4<<:, qr 313:: 313<8 4<:50 8;85

+3133<, +31344, <5
WFUV= Frqvwdqw Uhwxuqv wr Vfdoh> SF= Shuihfw Frpshwlwlrq

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Xvlqj dq hduolhu yhuvlrq ri wkh VWDQ gdwdedvh Nhoohu lv frq�qhg wr ydoxh0dgghg gdwd/

zklfk lv olnho| wr fdxvh sureohpv/ zkhq wkh pdunhw iru pdwhuldo lqsxwv lv qrw frpshwlwlyh

dv glvfxvvhg h{whqvlyho| lq vhfwlrq 61414 dqg lq dsshqgl{ F1 Lq wkh oljkw ri wkh hpslulfdo

uhvxowv ri wklv glvvhuwdwlrq/ lw pd| dovr dsshdu sureohpdwlf wkdw Nhoohu dvvxphv wkh lpsdfw

ri U)G dqg nqrzohgjh yduldeohv wr eh wkh vdph dfurvv doo lqgxvwulhv1 Uhvxowv suhvhqwhg

lq wkh suhylrxv vhfwlrq vxjjhvw wkdw wkhuh duh lpsruwdqw gl�huhqfhv ehwzhhq lqgxvwulhv1 Lq

idfw/ lq vrph ri wkh lqgxvwulhv qrqh ri wkh nqrzohgjh yduldeohv vhhp wr kdyh d vljql�fdqw

lpsdfw dw doo1

Zlwk d vlplodu lqwhuqdwlrqdo lqgxvwu| gdwdvhw iurp wkh RHFG/ Yhuvsdjhq +4<<:,

hvwlpdwhv d Free0Grxjodv surgxfwlrq ixqfwlrq dxjphqwhg zlwk rzq U)G fdslwdo vwrfnv

dqg grphvwlf dv zhoo dv dq lqwhuqdwlrqdo vslooryhu yduldeohv1 Jhqhudoo|/ erwk wkh lqgxvwu|*v

rzq U)G yduldeoh dv zhoo dv wkh vslooryhu yduldeohv kdyh d vljql�fdqwo| srvlwlyh lpsdfw

lq prvw vshfl�fdwlrqv1 Wkhuh lv dq lqwhuhvwlqj gl�huhqfh ehwzhhq wkh �zlwklq�0hvwlpdwhv/

vwuhvvlqj wkh wlph glphqvlrq ri wkh sdqho/ dqg wkh �ehwzhhq�0hvwlpdwhv/ zklfk vwuhvv

wkh furvv vhfwlrq glphqvlrq lqvwhdg1 Wkh udwh ri uhwxuqv wr vfdoh lq doo sulydwh idfwruv

lqfoxglqj U)G/ zklfk lv lpsolhg e| wkh �zlwklq�0hvwlpdwhv lv vljql�fdqwo| vpdoohu wkdq

rqh lq prvw fdvhv1 Lq frqwudvw/ lw lv eljjhu wkdq rqh/ dowkrxjk qrw vljql�fdqwo|/ lq prvw

hvwlpdwlrqv iru zklfk wkh ehwzhhq0hvwlpdwru lv dssolhg1 Wklv lv sulpdulo| gxh wr wkh

idfw/ wkdw wkh hvwlpdwhg hodvwlflw| ri sk|vlfdo fdslwdo lv v|vwhpdwlfdoo| orzhu/ zkhq wkh

zlwklq0hvwlpdwru lv dssolhg1 D vlplodu skhqrphqrq lv revhuyhg lq Orv ) Yhuvsdjhq*v

+5333, vwxg| zlwk XV �up ohyho gdwd1 Wklv lv lq olqh zlwk Pdluhvvh ) Vdvvhqrx*v +4<<4,

dqg Qdglul*v +4<<6, revhuydwlrq glvfxvvhg ehiruh/ wkdw wkh hvwlpdwhg hodvwlflw| ri sk|vlfdo

dqg U)G fdslwdo whqg wr eh orzhu lq wlph vhulhv wkdq lq furvv vhfwlrq hvwlpdwlrqv1

Dv dq dowhuqdwlyh wr wkh WIS uhjuhvvlrq lq ohyhov/ hvwlpdwlqj wkh lpsdfw ri U)G rq

surgxfwlylw| lq jurzwk udwhv lv dovr srsxodu lq wkh dssolhg olwhudwxuh1 Lq wkhvh vwxglhv lw

lv frpprq wr xvh wkh udwlr ri U)G h{shqglwxuhv ryhu rxwsxw dv dq h{sodqdwru| yduldeoh1

Wkh frh!flhqw lv riwhq lqwhusuhwhg dv wkh udwh ri uhwxuq wr U)G +Mrqhv )Zlooldpv 4<<;,1

Prvw lqgxvwu| vwxglhv wkdw dlp dw phdvxulqj wkh udwh ri uhwxuq wr U)G gluhfwo|/ frq0
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Wdeoh 8144= Hvwlpdwhv ri wkh Udwh ri Uhwxuq ri U)G dw wkh Lqgxvwu| Ohyho

Vwxg| FUV dqg Gluhfw Udwhv Lqgluhfw Udwhv Vdpsoh Rev1

SF LpsrvhgW ri Uhwxuq ri Uhwxuq Shulrg

XV
Whuohfn|m +4<;3, 3158 31;5 4<7; 53

+313;, +3154, 099

Vyhlvndxvndv +4<;4, |hv 314:4 4<8< 477

+3188<, 09<

Vfkhuhu +4<;5, FUV= |hv 315< 31:7 4<:60 ;:

SF= qr +31477, +316<4, :;

Julolfkhv ) Pdluhvvh +4<;6, SF= qr 3156 FVGnn 93

FUV= |hv +3145,

Mdsdq |hv 31588 31; FVGnn 83

Jrwr ) Vx}xnl +4<;<, +31473, +3174:,

Iudqfh
Julolfkhv ) Pdluhvvh +4<;6, SF= qr 3166 FVGnn 93

FUV= |hv +3147,

Lqwhuqdwlrqdo
Jul��wk/ Uhgglqj |hv 3153:031779 4<:3 57:;

) ydq Uhhqhq +5333, +314:3,0+314:;, 0<5
WFUV@Frqvwdqw Uhwxuqv wr Vfdoh> SF@Shuihfw Frpshwlwlrq
nnFVG=Furvv0Vhfwlrq Gdwd> +Vwdqgdug Huuruv lq Sduhqwkhvhv,

�up wkh uhvxow wkdw nqrzohgjh kdv d vljql�fdqwo| srvlwlyh h�hfw rq surgxfwlylw| jurzwk1

Dv fdq eh yhul�hg zlwk d jodqfh dw Wdeoh 8144/ lq prvw fdvhv hyhq wkh vl}h ri wkh gl�huhqw

hvwlpdwhv lv txlwh forvh wr hdfk rwkhu/ dowkrxjk vdpsoh shulrgv/ hvwlpdwlrq whfkqltxhv/

lqyhvwljdwhg frxqwulhv/ wkh gh�qlwlrq dqg phdvxuhphqw ri rxwsxw dqg lqsxwv dqg wkh

zhljkwlqj vfkhph iru wkh vslooryhu yduldeohv gl�hu zlgho| dprqj wkh vwxglhv1

Lq dgglwlrq wr hvwlpdwlqj wkh gluhfw h�hfw ri U)G rq surgxfwlylw|/ Jul!wk hw do1

+5333, dovr wu| wr dvvhv zkhwkhu U)G hqkdqfhv wkh devruswlyh fdsdflw| ri dq lqgxvwu|1 Wr

wklv hqg/ wkh| ghyhors d whfkqrorj| jds yduldeoh phdvxulqj hdfk lqgxvwu|*v surgxfwlylw|

uhodwlyh wr wkdw ri wkh whfkqrorj| ohdghu1 Wr fdswxuh wkh uroh ri nqrzohgjh fuhdwlrq

dv dq hqkdqfhphqw ri devruswlyh fdsdflw| wkh| lqwhudfw wkh udwlr ri U)G h{shqglwxuhv

wr rxwsxw zlwk wklv whfkqrorj| jds whup dqg lqwurgxfh wklv dv dq h{sodqdwru| yduldeoh
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lqwr wkhlu hvwlpdwlrq htxdwlrq1 Wkhlu uhvxow wkdw U)G kdv d vljql�fdqw gluhfw h�hfw

rq surgxfwlylw| dqg hqkdqfhv surgxfwlylw| fdwfk0xs zlwk wkh whfkqrorj| ohdghu uhpdlqv

urexvw wr vhyhudo dgmxvwphqwv wr WIS/ vxfk dv doorzlqj iru pdun0xsv dqg ydu|lqj fdsdflw|

xwlol}dwlrq ru dffrxqwlqj iru khwhurjhqhlw| ri vnloov lq wkh oderu irufh1

Wdeoh 8145= Hvwlpdwhv ri Hodvwlflwlhv zlwk uhvshfw wr U)G dw wkh Ilup Ohyho
Vwxg| FUV dqg Gluhfw Lqgluhfw Vdpsoh Rev1

SF lpsrvhg Hodvwlflw| Hodvwlflw| Shulrg

XV
Vfkdqnhupdq +4<;4, qr 31565 FVGnn 434

+3135<, 4<96

Julolfkhv +4<;9, qr 31459 4<:5 7<4

+3134<, FVGnn

Eudqvwhwwhu +5334, qr 31695 31;64 FVGnn 53<

+31463, +31776, 4<;60;<

Orv ) Yhuvsdjhq +5333, qr 3133:6 31765 4<:70 57:8

+3135:, +31394, 4<<6

Kdoo ) Pdluhvvh +4<<9, qr 3136< 4<;80 5543

+3137;, ;<

Mdsdq
Eudqvwhwwhu +5334, qr 31346 31:36 FVGnn 538

+3137<, +31679, 4<;60;<

Iudqfh
Kdoo ) Pdluhvvh +4<<9, qr 03146; 4<;80 4<38

+31377, ;<
WFUV@Frqvwdqw Uhwxuqv wr Vfdoh> SF@Shuihfw Frpshwlwlrq
nnFVG=Furvv0Vhfwlrq Gdwd> +Vwdqgdug Huuruv lq Sduhqwkhvhv,

Wr vkrz wkdw d srvlwlyh lpsdfw ri U)G dqg vslooryhuv rq surgxfwlylw| kdv dovr ehhq

irxqg lq vhyhudo �up ohyho vwxglhv iru gl�huhqw frxqwulhv/ gl�huhqw gdwd vhwv dqg gl�huhqw

vdpsoh shulrgv Wdeoh 8145 glvsod|v vrph uhsuhvhqwdwlyh uhvxowv1 Dq ryhuylhz ryhu �up

ohyho vwxglhv lv surylghg lq Pdluhvvh ) Vdvvhqrx +4<<4,1

Iurp wkh srlqw ri ylhz ri wklv glvvhuwdwlrq Vfkdqnhupdq*v +4<;4, uhvxowv duh sduwlfx0

oduo| lqwhuhvwlqj1 Dgmxvwlqj klv gdwd iru grxeoh0frxqwlqj/ wkh dxwkru lv deoh wr vkrz wkdw

d idloxuh wr gr vr uhvxowv lqghhg lq grzqzdug eldvhg hvwlpdwhv1

Lq frq lfw zlwk wkh wkhru| wkh| lqyhvwljdwh/ pdq| uhvhdufkhuv hpsor|lqj wkh sulpdo
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dssurdfk wr hvwlpdwh wkh lpsdfw ri nqrzohgjh rq surgxfwlylw| lpsrvh frqvwdqw uhwxuqv

wr vfdoh dqg shuihfw frpshwlwlrq1 Zkloh wkh lqyhvwljdwlrq ri wkh uroh ri nqrzohgjh lq wkh

sulpdo dssurdfk w|slfdoo| uholhv rq wkh Free0Grxjodv ixqfwlrq/ ixqfwlrqdo irupv fkrvhq

lq frvw ixqfwlrq vwxglhv duh pxfk pruh jhqhudo1 Pruhryhu/ prvw uhvhdufkhuv zkr hpsor| d

gxdo dssurdfk w|slfdoo| h{sorlw wkh srvvlelolw| wr doorz iru ydu|lqj fdsdflw| xwlol}dwlrq dqg

hfrqrplhv ri vfdoh1 Iru wklv uhdvrq/ wkh frvw ixqfwlrq iudphzrun vhhpv pruh dssursuldwh

wkdq wkh pruh olplwhg Vrorz uhvlgxdo iudphzrun1

Ehuqvwhlq )Qdglul +4<;;, hvwlpdwh d wudqvorj frvw ixqfwlrq v|vwhp wr h{soruh vslooryhuv

dprqj �yh XV kljk0whfk lqgxvwulhv1 Udwkhu wkdq suhfdofxodwlqj zhljkwv wr frqvwuxfw dq

djjuhjdwh vslooryhu yduldeoh/ wkh lpsdfw ri hdfk U)G fdslwdo vwrfn iurp rwkhu lqgxvwulhv

lv hvwlpdwhg lqglylgxdoo|1 Eùqwh +4<<:, uhsolfdwhv wklv vwxg| zlwk Jhupdq gdwd1 Olnh

Ehuqvwhlq dqg Qdglul kh lv deoh wr �qg vslooryhu uhodwlrqv ehwzhhq vrph/ exw qrw doo ri

wkh lqgxvwulhv1

Pruulvrq Sdxo ) Vlhjho +4<<:, hvwlpdwh d jhqhudol}hg Ohrqwlhi frvw ixqfwlrq iru XV

wzr0gljlw pdqxidfwxulqj lqgxvwulhv1 U)G/ lqirupdwlrq whfkqrorj| dqg kxpdq fdslwdo

duh lqwurgxfhg dv h{whuqdo idfwruv dw d kljkhu djjuhjdwlrq ohyho wr fdswxuh wkhlu h{whuqdo

qdwxuh1 Doo ri wkh h{whuqdo fdslwdo idfwruv duh irxqg wr eh surgxfwlylw| hqkdqflqj1 Frvw

hodvwlflwlhv zlwk uhvshfw wr U)G fdslwdo vwrfnv duh dovr vxppdul}hg lq Wdeoh 81461

Wdeoh 8146= Frvw Hodvwlflwlhv zlwk Uhvshfw wr U)G Fdslwdo

Vwxg| Gluhfw Lqgluhfw Vdpsoh Rev1

Hodvwlflw| Hodvwlflw| Shulrg

Ehuqvwhlq ) Qdglul +4<;;, 03138< 0 3153; 4<8;0;4 57 hdfk

Eùqwh +4<<9, 03189 0 41<6 4<:50;< 4; hdfk

Nlp ) Qdglul +4<<9d, 031348 0 31376 03133: 0 3138< 4<970<4 4<9

Nlp ) Qdglul +4<<9e, 0313<4 4<:70<3 84

Pruulvrq Sdxo ) Vlhjho +4<<:, 03135 0 315<7 4<8;0;< 783 lqg1

Ehuqvwhlq ) \dq +4<<:, 031334 0 31;99 4<950;; 93 hdfk

Pdpxqhdv +4<<<, 031438 0 3183; 4<7<0<4 76 hdfk

Ehuqvwhlq ) Prkqhq +4<<;, lqyhvwljdwh wkh h�hfw ri rzq U)G dqg ri elodwhudo

vslooryhuv iru wkh XV dqg Mdsdqhvh U)G0lqwhqvlyh lqgxvwulhv/ zklfk duh djjuhjdwhg lqwr
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rqh1 Wkh dxwkruv �qg vslooryhuv iurp wkh XV wr Mdsdq/ exw qrw wkh rwkhu zd| durxqg1

Wkh frvw ixqfwlrq dovr lqfoxghv d vljql�fdqw wuhqg whup1 Wklv lpsolhv wkdw rzq U)G

dqg vslooryhuv ehwzhhq wkhvh wzr frxqwulhv rqo| gr qrw ixoo| h{sodlq doo ri wkh revhuyhg

surgxfwlylw| jurzwk1

Qdglul dqg Nlp xvh d wudqvorj ixqfwlrq wr hvwlpdwh wkh uroh ri hfrqrplhv ri vfdoh/

pdun0xsv dqg wkh lpsdfw ri sulydwh U)G +Nlp ) Qdglul 4<<9e, iru wkh pdqxidfwxulqj

vhfwruv ri Mdsdq/ Nruhd dqg wkh XV1 Lq d vhfrqg vwxg| +Nlp ) Qdglul 4<<9d, wkh|

lqyhvwljdwh wkh uroh ri sulydwh U)G dqg vslooryhuv zlwk pdqxidfwxulqj vhfwru gdwd iru wkh

J: frxqwulhv/ lpsrvlqj frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frpshwlwlrq1 Wkxv/ zkloh

wkh wzr vwxglhv wrjhwkhu hqfrpsdvv doo wkh uhohydqw ihdwxuhv ri hqgrjhqrxv jurzwk wkhru|/

wkh| duh lqyhvwljdwhg vhsdudwho|1

Ehuqvwhlq ) \dq +4<<:, hvwlpdwh grphvwlf dqg elodwhudo lqwhu0lqgxvwu| vslooryhuv iru

Fdqdgldq dqg Mdsdqhvh lqgxvwulhv1 Wkh gdwd lv srrohg dfurvv frxqwulhv dqg hvwlpdwhg

lqgxvwu| e| lqgxvwu|1 Lqwhuqdwlrqdo vslooryhuv iurp Fdqdgd wr Mdsdq duh irxqg iru doo

lqgxvwulhv/ exw fkhplfdo surgxfwv1 \hw/ vslooryhuv iurp Mdsdq wr Fdqdgd duh vljql�fdqw

lq hohfwulfdo surgxfwv/ irrg dqg ehyhudjhv dqg sulpdu| phwdov rqo|1 Grphvwlf vslooryhuv

uhgxfh frvwv lq irxu rxw ri whq Fdqdgldq/ dqg lq hljkw rxw ri whq Mdsdqhvh lqgxvwulhv1

Ryhudoo wkh suhglfwlrq ri U)G edvhg prghov ri jurzwk wkdw nqrzohgjh lv d gulylqj

irufh ri surgxfwlylw| jurzwk lv d yhu| zhoo hvwdeolvkhg hpslulfdo uhvxow1 D srvlwlyh lq x0

hqfh ri erwk rzq U)G dqg nqrzohgjh vslooryhuv rq surgxfwlylw| jurzwk kdv ehhq irxqg

erwk lq wkh sulpdo dqg lq wkh gxdo iudphzrun/ zlwk pdq| gl�huhqw gdwd vhwv/ gl�huhqw

ohyhov ri gdwd djjuhjdwlrq/ iru gl�huhqw wlph shulrgv dqg gl�huhqw frxqwulhv/ zlwk pdq|

dowhuqdwlyh hvwlpdwlrq phwkrgv dqg gl�huhqw gh�qlwlrqv ri wkh vslooryhu yduldeohv1

Li dq|wklqj/ wkh uhvxow wkdw U)G lv surgxfwlylw| hqkdqflqj dsshduv pruh xqdpeljxrxv

lq wkh suhylrxv olwhudwxuh wkdq lq wklv glvvhuwdwlrq1 Zkloh iru d qxpehu ri lqgxvwulhv qr

vljql�fdqw lpsdfw ri dq| ri wkh nqrzohgjh yduldeohv fdq eh irxqg/ vxfk skhqrphqd duh

uhsruwhg rqo| lq d ihz vwxglhv frqgxfwhg ehiruh1 Wklv pd| zhoo eh gxh wr wkh idfw

wkdw rqo| vrph uhvhdufkhuv dfwxdoo| gl�huhqwldwh ehwzhhq gl�huhqw frxqwulhv/ lqgxvwulhv
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ru �upv1 \hw/ wkh hpslulfdo uhvxowv ri wklv glvvhuwdwlrq dqg vrph rwkhu vwxglhv/ vxfk dv

Ehuqvwhlq ) Prkqhq +4<<;, dqg Ehuqvwhlq ) Qdglul +4<;;,/ vxjjhvw wkdw lw fdq eh yhu|

uhyhdolqj wr doorz iru khwhurjhqhlw|1 Ri frxuvh wklv dssurdfk lv qrw zlwkrxw lwv olplwv/

ehfdxvh wkhuh pd| qrw eh hqrxjk revhuydwlrqv wr hvwlpdwh d gl�huhqw sdudphwhu iru hdfk

furvv vhfwlrq1 \hw/ wkh sureohp vkrxog eh nhsw lq plqg zkhq lqwhusuhwlqj hpslulfdo

uhvxowv1

Dqrwkhu sureohp wkdw lv fduhixoo| wdnhq lqwr dffrxqw lq wklv glvvhuwdwlrq/ exw riwhq

qrw lq wkh suhylrxv olwhudwxuh/ lv wkh pxowlfroolqhdulw| ehwzhhq gl�huhqw nqrzohgjh ydul0

deohv dqg wkh wuhqg whup1 Uhvhdufkhuv zkr hqwhu vhyhudo nqrzohgjh yduldeohv lqwr wkhlu

hvwlpdwlrq htxdwlrq xvxdoo| suhvhqw wkhlu uhvxowv dv li erwk wkh vljq ri wkhlu sdudphwhu

hvwlpdwhv dv zhoo dv wkhlu vl}h zdv yhu| uholdeoh1 Vrph uhvhdufkhuv/ vxfk dv Nhoohu +5334,/

hyhq gudz frqfoxvlrqv derxw wkh uhodwlyh lpsruwdqfh ri gl�huhqw vslooryhu yduldeohv1 Jlyhq

wkh �qglqj glvfxvvhg lq wkh suhylrxv vhfwlrq/ wkdw uhvxowv riwhq fkdqjh gudpdwlfdoo| zkhq

hqwhulqj dgglwlrqdo nqrzohgjh yduldeohv/ dq| vwxg| wu|lqj wr vrxufh surgxfwlylw| jurzwk

suhflvho| vkrxog eh wuhdwhg zlwk fdxwlrq1

Vwxglhv hpsor|lqj wkh sulpdo dssurdfk duh iuhtxhqwo| edvhg rq wkh Vrorz uhvlgxdo

iudphzrun uho|lqj rq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv wr vfdoh dqg shuihfw frpsh0

wlwlrq1 Vrph uhvhdufkhuv/ vxfk dv Nhoohu +5334,/ xvh frvw vkduhv dv zhljkwv wr doorz iru

pdunhw srzhu1 D ihz rwkhuv hvwlpdwh wkh surgxfwlrq hodvwlflwlhv/ dq dssurdfk wkdw doorzv

iru erwk pdunhw srzhu dqg hfrqrplhv ri vfdoh1 Frvw ixqfwlrq vwxglhv jhqhudoo| hqfrp0

sdvv wkhvh lpsruwdqw ihdwxuhv ri U)G edvhg jurzwk wkhru|1 \hw/ qrqh ri wkh vwxglhv

glvfxvvhg lq wklv vhfwlrq dlpv dw hvwlpdwlqj pdun0xsv/ hfrqrplhv ri vfdoh dqg wkh lpsdfw

ri nqrzohgjh lq dq lqwhjudwhg dssurdfk1 Lq idfw/ wr wkh ehvw ri p| nqrzohgjh vxfk dq

dwwhpsw kdv qrw ehhq pdgh ehiruh1
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Wkh Vrorz uhvlgxdo iudphzrun/ zklfk uholhv rq wkh dvvxpswlrqv ri frqvwdqw uhwxuqv wr

vfdoh dqg suhihfw frpshwlwlrq/ lv kljko| srsxodu dprqj hpslulfdo uhvhdufkhuv lqyhvwljdw0

lqj U)G edvhg prghov ri jurzwk1 \hw/ wkhru| fdoov iru d iudphzrun wkdw hqfrpsdvvhv

pdunhw srzhu dqg qrq0frqvwdqw uhwxuqv wr vfdoh zkhq lqyhvwljdwlqj wkhvh prghov1 Lq wkh

wkhruhwlfdo sduw ri wklv glvvhuwdwlrq lw lv vkrzq wkdw hfrqrplhv ri vfdoh dqg pdunhw0srzhu

duh lqh{wulfdeo| olqnhg wr nqrzohgjh dv dq hqjlqh ri surgxfwlylw| jurzwk/ li lqqrydwlrqv

duh dvvxphg wr eh fuhdwhg dv d uhvxow ri pdunhw lqfhqwlyhv1 Lq frqvhtxhqfh/ doo U)G

edvhg jurzwk prghov hqfrpsdvv pdunhw srzhu dqg hfrqrplhv ri vfdoh lq wkh djjuhjdwh

surgxfwlrq ixqfwlrq1

Wkh Vrorz uhvlgxdo lv dq dssursuldwh phdvxuh ri surgxfwlylw| jurzwk/ li wkh qhrfodvvl0

fdo jurzwk prgho lv fkrvhq dv d wkhruhwlfdo edfnjurxqg/ ehfdxvh wklv wkhru| grhv lqghhg

uho| rq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg frqvwdqw uhwxuqv wr vfdoh1 Lq frqwudvw/

dffruglqj wr hqgrjhqrxv jurzwk prghov zlwk h{whuqdolwlhv/ wkhuh pd| eh hfrqrplhv ri

vfdoh dv d uhvxow ri wkh vslooryhuv/ dowkrxjk wkhvh prghov vwloo doorz iru d shuihfw frp0

shwlwlrq htxloleulxp1 U)G edvhg prghov ri jurzwk lpso| wkdw pdunhw srzhu kdv wr eh

suhvhqw/ vr wkdw lqqrydwruv fdq uhfryhu wkhlu frvwv ri nqrzohgjh fuhdwlrq1 Wkhvh prghov/

xqolnh dq| rwkhu jurzwk wkhru|/ suhglfw wkdw pdunhw srzhu/ hfrqrplhv ri vfdoh dqg d sur0

gxfwlylw| hqkdqflqj uroh iru nqrzohgjh vkrxog eh irxqg lq wkh gdwd1 Wkxv/ lqyhvwljdwlqj
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wkhvh skhqrphqd hpslulfdoo| surylghv d srvvlelolw| wr mxgjh wkh uhohydqfh ri U)G edvhg

jurzwk prghov lq frpsdulvrq zlwk frpshwlqj wkhrulhv1

Lw lv vkrzq lq wkh wklug fkdswhu ri wkh glvvhuwdwlrq wkdw wkh Vrorz uhvlgxdo lv d el0

dvhg phdvxuh ri surgxfwlylw| jurzwk zkhq wkh dvvxpswlrqv ri shuihfw frpshwlwlrq dqg

frqvwdqw uhwxuqv gr qrw krog1 Lq frqwudvw/ wkh frvw ixqfwlrq iudphzrun fkrvhq lq wklv glv0

vhuwdwlrq uhdglo| hqfrpsdvvhv hfrqrplhv ri vfdoh dqg pdunhw0srzhu1 Wklv fkdudfwhulvwlf

pdnhv lw d pxfk pruh vxlwdeoh iudphzrun wr vwxg| U)G edvhg jurzwk wkhru| hpslul0

fdoo|1 Edvhg rq wkh wkhru| lw pd| qrw rqo| eh ghvludeoh wr fkrrvh d surgxfwlylw| jurzwk

phdvxuh wkdw lv xqeldvhg lq wkh suhvhqfh ri pdunhw srzhu dqg hfrqrplhv ri vfdoh1 Vlqfh

wkhvh ihdwxuhv glvwlqjxlvk U)G edvhg prghov iurp rwkhu jurzwk wkhrulhv/ lw dsshduv gh0

vludeoh wr whvw zkhwkhu wkh| fdq lqghhg eh irxqg lq wkh gdwd1 Wkh frvw ixqfwlrq dqg idfwru

ghpdqg prgho fkrvhq lq wklv glvvhuwdwlrq surylghv d iudphzrun wr hvwlpdwh pdun0xsv/

wkh udwh ri uhwxuqv wr vfdoh dqg wkh lpsdfw ri nqrzohgjh lq dq lqwhjudwhg dssurdfk dqg

wr vwxg| srvvleoh olqnv ehwzhhq wkhvh ihdwxuhv1

Dq hpslulfdo lqyhvwljdwlrq zlwk d qhz lqwhuqdwlrqdo lqgxvwu| gdwd vhw iurp wkh RHFG

uhyhdov/ lq idfw/ wkh suhvhqfh ri erwk pdunhw0srzhu dqg hfrqrplhv ri vfdoh lq doo ri wkh

lqyhvwljdwhg lqgxvwulhv1 Wkxv/ erwk wkhruhwlfdo uhdvrqlqj dqg hpslulfdo uhvxowv vxjjhvw

wkdw wkh srsxodu Vrorz uhvlgxdo iudphzrun lv qrw dssursuldwh wr lqyhvwljdwh wkh uroh ri

nqrzohgjh iru hfrqrplf jurzwk/ ehfdxvh lw lv eldvhg xszdugv dv d phdvxuh ri surgxfwly0

lw| jurzwk1 D frpsdulvrq ri wkh Vrorz uhvlgxdo zlwk wkh surgxfwlylw| jurzwk phdvxuh

rewdlqhg iurp wkh frvw ixqfwlrq hvwlpdwlrq uhyhdov/ lq idfw/ wkdw wkh odwwhu lv pxfk orzhu

iru doo ri wkh lqyhvwljdwhg lqgxvwulhv1

Pruhryhu/ wkh Vrorz uhvlgxdo glvsod|v d vwurqj f|folfdo frpsrqhqw/ zkloh wkh gxdo

surgxfwlylw| jurzwk phdvxuh lv yhu| vprrwk1 Wklv lv olnho| wr eh gxh wr wkh idfw wkdw

wkh huuru fruuhfwlrq iudphzrun fkrvhq iru wkh frvw ixqfwlrq hvwlpdwlrq hqfrpsdvvhv yhu|

jhqhudo vkruw uxq ghyldwlrqv iurp htxloleulxp ru lq rwkhu zrugv ydu|lqj fdsdflw| xwlol}d0

wlrq1 Wkh Vrorz uhvlgxdo/ lq frqwudvw/ dvvxphv wkdw htxloleulxp lv dwwdlqhg dw doo wlphv1

Hvshfldoo| wkh fdslwdo vwrfn lv pxfk pruh olnho| wr phdvxuh fdsdflw|/ udwkhu wkdq dfwxdo
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xvh ri fdslwdo vhuylfhv/ zklfk zrxog wkxv eh xqghuhvwlpdwhg lq errpv dqg ryhuhvwlpdwhg

lq voxpsv dgglqj d vsxulrxv f|folfdo frpsrqhqw wr wkh surgxfwlylw| jurzwk phdvxuh1 Iru

wklv uhdvrq lw vhhpv wr eh d gh�qlwh dgydqwdjh ri wkh hpslulfdo iudphzrun fkrvhq lq wklv

vwxg| wkdw lw dffrxqwv dssursuldwho| iru ydu|lqj fdsdflw| xwlol}dwlrq1

Wkh �qglqj ri hfrqrplhv ri vfdoh dorqh zrxog vxssruw gl�huhqw fodvvhv ri hqgrjhqrxv

jurzwk wkhrulhv/ lqfoxglqj prghov zlwk lqfuhdvlqj uhwxuqv gxh wr h{whuqdolwlhv1 \hw/ pdu0

nhw srzhu dqg hfrqrplhv ri vfdoh wrjhwkhu fohduo| idyru U)G edvhg jurzwk prghov ryhu

frpshwlqj wkhrulhv1 Ri frxuvh/ wklv lv qrw d surri wkdw U)G edvhg jurzwk wkhrulhv duh

uljkw/ ehfdxvh pdunhw0srzhu dqg hfrqrplhv ri vfdoh pd| zhoo eh gxh wr rwkhu idfwruv

wkdq wkh phfkdqlvpv ghvfulehg lq wkrvh prghov1 \hw wkh �qglqj wkdw pdun0xsv duh srv0

lwlyh dqg wkdw uhwxuqv wr vfdoh duh lqfuhdvlqj grhv lpso| wkdw dprqj frpshwlqj jurzwk

wkhrulhv wkh gdwd �wv U)G edvhg prghov ehvw1

Vrph dg krf uhjuhvvlrqv uhyhdo wkdw wkh hvwlpdwhg vl}h ri pdun0xsv dqg ri wkh udwh

ri uhwxuqv wr vfdoh vhhp wr eh uhodwhg wr wkh dprxqw ri U)G dfwlylw| wkdw wkh lqgxvwulhv

shuirup1 Wklv frxog eh lqwhusuhwhg dv ixuwkhu hylghqfh lq idyru ri U)G edvhg jurzwk

wkhru|1 \hw/ wkh uhjuhvvlrqv duh edvhg rq yhu| olwwoh wkhru|/ vr dq| frqfoxvlrqv gudzq

iurp wkhp vkrxog eh yhu| fdxwlrxv1

Erwk wkhru| dqg wkh hfrqrphwulf uhvxowv vxjjhvw wkdw wkh frvw ixqfwlrq iudphzrun lv

pxfk pruh vxlwdeoh wr lqyhvwljdwh wkh lpsdfw ri U)G rq surgxfwlylw|/ ehfdxvh pdun0xsv

dqg hfrqrplhv ri vfdoh duh olnho| wr eldv wkh Vrorz uhvlgxdo dv d surgxfwlylw| jurzwk

phdvxuh1 Pruhryhu/ lw vhhpv wr eh lpsruwdqw wr dffrxqw iru ydu|lqj fdsdflw| xwlol}dwlrq1

Wkhuhiruh wkh frvw ixqfwlrq lq wkh huuru fruuhfwlrq irup lv xvhg wr hvwlpdwh wkh lpsdfw

ri nqrzohgjh yduldeohv rq wkh frvwv ri surgxfwlrq dqg rq surgxfwlylw|1

Dffruglqj wr U)G edvhg jurzwk wkhrulhv/ lqyhvwphqwv lq uhvhdufk dqg ghyhorsphqw

pd| qrw rqo| hqkdqfh wkh surgxfwlylw| ri wkh lqyhvwru/ exw nqrzohgjh pd| dovr vsloo ryhu

wr rwkhu surgxfhuv/ ehfdxvh lw lv hperglhg lq lqwhuphgldwh lqsxwv wudghg dprqj gl�huhqw

lqgxvwulhv1 Pruhryhu wkhuh pd| eh glvhperglhg vslooryhuv ehfdxvh uhvhdufkhuv lq rqh

lqgxvwu| fdq exlog rq nqrzohgjh wkdw kdv ehhq suhylrxvo| fuhdwhg hovhzkhuh1 Wkhuhiruh/
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wkh lpsdfw ri wkh lqgxvwulhv* rzq U)G fdslwdo vwrfn lv lqyhvwljdwhg1 Lq dgglwlrq wr

wklv/ h{whuqdolwlhv iurp wkuhh gl�huhqw vrxufhv duh frqvlghuhg= grphvwlf vslooryhuv iurp

rwkhu lqgxvwulhv/ lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv dqg lqwhuqdwlrqdo lqwhu0lqgxvwu|

vslooryhuv1

D vljql�fdqw lpsdfw ri wkh lqgxvwulhv* U)G fdslwdo vwrfn rq wkhlu rzq surgxfwlylw|

lv irxqg rqo| lq irxu uhodwlyho| U)G0lqwhqvlyh lqgxvwulhv1 \hw/ ehfdxvh oderu/ pdwhuldo

lqsxwv dqg wkh fdslwdo vwrfnv duh qrw fruuhfwhg iru wkh lqfoxvlrq ri U)G h{shqglwxuhv/

wkh hvwlpdwhg lpsdfw ri U)G fdslwdo rq frvwv phdvxuhv h{fhvv uhwxuqv wr U)G udwkhu

wkdq wkh ixoo lpsdfw ri nqrzohgjh rq surgxfwlylw|1 H{fhvv uhwxuqv wr U)G frxog eh lqwhu0

suhwhg dv lqwud0lqgxvwu| vslooryhuv1 Dowhuqdwlyho|/ lw pd| eh frqfoxghg wkdw nqrzohgjh lv

sduwlfxoduo| surgxfwlyh lq wkhvh lqgxvwulhv/ kdylqj d pxfk vwurqjhu dqg2ru orqjhu odvwlqj

h�hfw wkdq wkh ulydo idfwruv ri surgxfwlrq1

Vslooryhuv duh irxqg wr hqkdqfh surgxfwlylw| lq vl{ lqgxvwulhv/ wzr ri zklfk dovr ehqh�w

iurp h{fhvv uhwxuqv wr U)G1 Rqo| lq irxu rxw ri wzhoyh lqgxvwulhv qr vljql�fdqw lpsdfw

ri dq| ri wkh nqrzohgjh yduldeohv fdq eh irxqg dw doo1 Lq wkuhh ri wkhvh wkh gxdo phdvxuh

ri surgxfwlylw| jurzwk lv qhjdwlyh1 Vr lw vlpso| vhhpv wr eh wkh fdvh wkdw wkhuh lv olwwoh

whfkqrorjlfdo fkdqjh wr eh h{sodlqhg zlwk lqqrydwlyh dfwlylw| lq wkhvh lqgxvwulhv/ dw ohdvw

ryhu wkh lqyhvwljdwhg vdpsoh shulrg1 U)G0lqwhqvlw| lv sduwlfxoduo| orz lq doo ri wkh irxu

lqgxvwulhv zkhuh qr vljql�fdqw lpsdfw ri nqrzohgjh yduldeohv fdq eh irxqg1 Lw lv wkxv qrw

wrr vxusulvlqj wkdw wkhuh vkrxog qrw eh d yhu| lpsruwdqw uroh iru nqrzohgjh yduldeohv lq

wkhvh lqgxvwulhv1

Wkh surgxfwlylw| jurzwk phdvxuhg zlwk wkh wuhqg whup lv irxqg wr ghfuhdvh lq doo

lqgxvwulhv/ rqfh nqrzohgjh yduldeohv zlwk d vljql�fdqw lpsdfw duh lqfoxghg lq wkh hvwl0

pdwlrq1 Lq prvw fdvhv lw ehfrphv lqvljql�fdqw ru hyhq vljql�fdqwo| qhjdwlyh/ lqglfdwlqj

wkdw vrxufhv ri whfkqrorjlfdo fkdqjh rwkhu wkdq lqqrydwlrqv/ vxfk dv jryhuqphqw srolflhv

ru rujdql}dwlrqdo fkdqjhv/ pd| hyhq kdyh dgyhuvh h�hfwv rq surgxfwlylw| jurzwk1 Lq dq|

fdvh/ wklv �qglqj vxjjhvwv wkdw nqrzohgjh fuhdwlrq grhv lqghhg h{sodlq d jrrg sduw ri

wkh revhuyhg surgxfwlylw| jurzwk/ dv wkhru| vxjjhvwv1
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Dffruglqj wr U)G edvhg jurzwk prghov/ wkhuh vkrxog eh hfrqrplhv ri vfdoh lq ulydo

idfwruv dqg nqrzohgjh wrjhwkhu1 Lq dffrugdqfh zlwk wklv suhglfwlrq/ wkh nqrzohgjh ydul0

deohv duh irxqg wr eh d vrxufh ri hfrqrplhv ri vfdoh lq doo lqgxvwulhv zkhuh wkh| kdyh d

vljql�fdqw lpsdfw1

Zkloh lw lv d zhoo hvwdeolvkhg uhvxow ri wklv vwxg| wkdw vslooryhuv pdwwhu lq pdq|

lqgxvwulhv/ lw dovr wxuqv rxw wkdw dwwulexwlqj wkhp wr d vshfl�f vrxufh lv kljko| gl!fxow1

Ehfdxvh ri vwurqj pxowlfroolqhdulw| dprqj doo ri wkh gl�huhqw nqrzohgjh yduldeohv dqg

wkh wuhqg whup lw lv kdugo| srvvleoh wr ghflgh zklfk duh uhdoo| wkh vrxufhv ri surgxfwlylw|

jurzwk1 Lw lv hyhq pruh gl!fxow wr dvvhv wkhlu uhodwlyh lpsruwdqfh suhflvho|/ li pruh wkdq

rqh nqrzohgjh yduldeoh lv irxqg wr eh vljql�fdqw1 Wkhuhiruh/ fduhixo urexvwqhvv fkhfnv duh

shuiruphg1 Dowkrxjk wkh pxowlfroolqhdulw| sureohp lv vwurqj/ lw vhhpv vdih wr frqfoxgh

iurp wkh uhvxowv wkdw lqwhuqdwlrqdo lqwud0lqgxvwu| vslooryhuv duh wkh prvw lpsruwdqw vrxufh

ri h{whuqdolwlhv lq wkh lqyhvwljdwhg lqgxvwulhv1

Wkh hfrqrphwulf uhvxowv lpso| lpsruwdqw gl�huhqfhv dprqj wkh gl�huhqw lqgxvwulhv1

Erwk wkh hvwlpdwhg surgxfwlylw| jurzwk dqg wkh lpsdfw ri gl�huhqw nqrzohgjh yduldeohv

duh irxqg wr ydu| frqvlghudeo| dfurvv lqgxvwulhv1 Wkh uhvxowv frq�up erwk wkh wkhru| dqg

hduolhu hpslulfdo �qglqjv lq wkdw lq pdq| lqgxvwulhv lqyhvwphqwv lq U)G vhhp wr erwk

hqkdqfh wkh surgxfwlylw| ri wkh lqyhvwru dqg vsloo ryhu wr hdvh whfkqrorjlfdo dgydqfhphqwv

hovhzkhuh1 Dw wkh vdph wlph/ wkh uhvxowv lpso| wkdw pxfk ri wkh sulru uhvhdufk kdv

qrw wdnhq pxowlfroolqhdulw| sureohpv lqwr dffrxqw dssursuldwho|/ qru glg lw doorz iru

khwhurjhqhlw| dv pxfk dv wkh dydlodeoh gdwd zrxog kdyh doorzhg iru1 \hw/ erwk lvvxhv

vhhp wr eh yhu| lpsruwdqw1 Ehfdxvh erwk sureohpv fdq eh vroyhg rqo| lpshuihfwo|/ lw

grhv qrw vhhp zlvh wr gudz vwurqj frqfoxvlrqv iurp dq| hpslulfdo uhvxowv wkdw lqyroyh

U)G fdslwdo vwrfnv1 Wkh txdolwdwlyh uhvxow wkdw nqrzohgjh vhhpv wr eh lpsruwdqw iru

surgxfwlylw| jurzwk lv zhoo hvwdeolvkhg1 Dq| vwurqjhu frqfoxvlrq/ vxfk dv wkh h{dfw vl}h

ri wkh lpsdfw dqg wkh uhodwlyh lpsruwdqfh ri gl�huhqw vrxufhv ri nqrzohgjh h{whuqdolwlhv/

vkrxog dozd|v eh wuhdwhg zlwk fdxwlrq1

Wkh olqn ehwzhhq pdunhw srzhu/ hfrqrplhv ri vfdoh dqg pdunhw gulyhq lqqrydwlyh df0

474



wlylw| dv d vrxufh ri surgxfwlylw| jurzwk/ zklfk lv lpsolhg e| U)G edvhg jurzwk wkhrulhv/

kdv ehhq pxfk ryhuorrnhg lq wkh hpslulfdo olwhudwxuh1 \hw wkhvh ihdwxuhv duh qhfhvvdulo|

lqwhuuhodwhg/ rqfh lw lv djuhhg xsrq wkdw lqqrydwlrqv dv d uhvsrqvh wr pdunhw lqfhqwlyhv

duh dw wkh khduw ri hfrqrplf jurzwk1 Wkhuhiruh/ lw lv shuydvlyh wr lqyhvwljdwh vlpxowdqh0

rxvo| zkhwkhu pdunhw srzhu/ hfrqrplhv ri vfdoh dqg d surgxfwlylw| hqkdqflqj uroh iru

nqrzohgjh fdq eh irxqg lq wkh gdwd1 Wkh hpslulfdo lqyhvwljdwlrq lq wklv glvvhuwdwlrq

vxjjhvwv/ wkdw U)G edvhg jurzwk prghov vhhp wr sdvv wklv hpslulfdo whvw yhu| zhoo1
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Djklrq/ S1 ) Krzlww/ S1 +4<<5,/ cD Prgho ri Jurzwk wkurxjk Fuhdwlyh Ghvwuxfwlrq*/

Hfrqrphwulfd 93+5,/ 656�6841

Djklrq/ S1 ) Krzlww/ S1 +4<<;d,/ cFdslwdo Dffxpxodwlrq dqg Lqqrydwlrq dv Frpsohphq0

wdu| Idfwruv lq Orqj0Uxq Jurzwk*/ Mrxuqdo ri Hfrqrplf Jurzwk 6+5,/ 444�4631

Djklrq/ S1 ) Krzlww/ S1 +4<<;e,/ Hqgrjhqrxv Jurzwk Wkhru|/ Wkh PLW Suhvv/ Fdp0

eulgjh/ Pdvvdfkxvvhwwv1

Dqghuvrq/ J1 ) Eoxqghoo/ U1 +4<;5,/ cHvwlpdwlrq dqg K|srwkhvlv Whvwlqj lq G|qdplf

Vlqjxodu Htxdwlrq V|vwhpv*/ Hfrqrphwulfd 83+9,/ 488<�:41

Duurz/ N1 M1 +4<95,/ cWkh Hfrqrplf Lpsolfdwlrqv ri Ohduqlqj0e|0Grlqj*/ Uhylhz ri Hfr0

qrplfv dqg Vwdwlvwlfv 5<+6,/ 558�5931

Edqhumhh/ D1/ Grodgr/ M1 ) Phvwuh/ U1 +4<<9,/ cHuuru0Fruuhfwlrq Phfkdqlvp Whvwv iru

Frlqwhjudwlrq lq d Vlqjoh0Htxdwlrq Iudphzrun*/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv

4<+6,/ 598�;61

Eduur/ U1 M1 +4<<<,/ cQrwhv rq Jurzwk Dffrxqwlqj*/ Mrxuqdo ri Hfrqrplf Jurzwk

7+5,/ 44<�46:1

Eduwhovpdq/ H1 M1/ Fdedoohur/ U1 M1 ) O|rqv/ U1 N1 +4<<7,/ cFxvwrphu0 dqg Vxssolhu0

Gulyhq H{whuqdolwlhv*/ Dphulfdq Hfrqrplf Uhylhz ;7+7,/ 43:8�43;71

Eduwhovpdqq/ H1 M1 +4<<8,/ cRi Hpsw| Er{hv*/ Hfrqrplfv Ohwwhuv 7<+4,/ 8<�9:1
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Edvdqw/ U1 ) Ilnnhuw/ E1 +4<<9,/ cWkh H�hfwv ri U)G/ Iruhljq Whfkqrorj| Sxufkdvh dqg

Grphvwlf dqg Lqwhuqdwlrqdo Vslooryhuv lq Lqgldq Ilupv*/ Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv :;+5,/ 4;:�4<<1

Edvx/ V1 +4<<9,/ cSurf|folfdo Surgxfwlylw|= Lqfuhdvlqj Uhwxuqv ru F|folfdo Xwlol}dwlrq B*/

Txduwhuo| Mrxuqdo ri Hfrqrplfv 444+6,/ :4<�841

Edvx/ V1 ) Ihuqdog/ M1 J1 +4<<8,/ cDuh Dssduhqw Surgxfwlyh Vslooryhuv d Iljphqw ri

Vshfl�fdwlrq Huuru B*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 69+4,/ 498�4;;1

Edvx/ V1 ) Ihuqdog/ M1 J1 +4<<:,/ cUhwxuqv wr Vfdoh lq X1V1 Surgxfwlrq= Hvwlpdwhv dqg

Lpsolfdwlrqv*/ Mrxuqdo ri Srolwlfdo Hfrqrp| 438+5,/ 57<�;61

Ehffduhoor/ P1 +4<<9,/ cWlph Vhulhv Dqdo|vlv ri Pdunhw Srzhu= Hylghqfh iurp J: Pdq0

xidfwxulqj*/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 48+4,/ 456�4691

Ehuqdqnh/ E1 ) Sdunlqvrq/ P1 +4<<4,/ cSurf|folfdo Surgxfwlylw| dqg Frpshwlqj Wkhrulhv

ri wkh Exvlqhvv F|foh= Vrph Hylghqfh iurp Lqwhuzdu X1V1 Pdqxidfwxulqj Lqgxvwulhv*/

Mrxuqdo ri Srolwlfdo Hfrqrp| <<+6,/ 76<�78<1

Ehuqvwhlq/ M1 L1 ) Prkqhq/ S1 +4<<4,/ cSulfh0Frvw Pdujlqv/ H{sruwv dqg Surgxfwlylw|

Jurzwk= Zlwk dq Dssolfdwlrq wr Fdqdgldq Lqgxvwulhv*/ Fdqdgldq Mrxuqdo ri Hfr0

qrplfv 57+6,/ 96;�98<1

Ehuqvwhlq/ M1 L1 ) Prkqhq/ S1 +4<<;,/ cLqwhuqdwlrqdo U)G Vslooryhuv ehwzhhq X1V1 dqg

Mdsdqhvh U)G Lqwhqvlyh Vhfwruv*/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 77+5,/ 648�

66;1

Ehuqvwhlq/ M1 L1 ) Qdglul/ P1 L1 +4<;;,/ cLqwhu0Lqgxvwu| U)G Vslooryhuv/ Udwhv ri Uhwxuq

dqg Surgxfwlrq lq Kljk Whfk Lqgxvwulhv*/ Dphulfdq Hfrqrplf Uhylhz :;+5,/ 57<�

59<1

Ehuqvwhlq/ M1 L1 ) \dq/ [1 +4<<:,/ cLqwhuqdwlrqdo U)G Vslooryhuv ehwzhhq Fdqdgldq dqg

Mdsdqhvh Lqgxvwulhv*/ Fdqdgldq Mrxuqdo ri Hfrqrplfv 63+5,/ 5:9�5<71
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Eùqwh/ Z1 +4<<:,/ cI)H Vslooryhu xqg lkuh Dxvzlunxqjhq dxi glh Nrvwhq ghu Surgxnwlrq*/

Mdkue fkhu i u Qdwlrqdoùnrqrplh xqg Vwdwlvwln 549+5,/ 53<�581

Eudqvwhwwhu/ O1 J1 +5334,/ cDuh Nqrzohgjh Vslooryhuv Lqwhuqdwlrqdo ru Lqwudqdwlrqdo lq

VfrshB Plfurhfrqrphwulf Hylghqfh iurp wkh X1V1 dqg Mdsdq*/ Mrxuqdo ri Lqwhuqd0

wlrqdo Hfrqrplfv 86+4,/ 86�:<1

Euxqr/ P1 ) Vdfkv/ M1 +4<;8,/ Wkh Hfrqrplfv ri Zruogzlgh Vwdj dwlrq/ Kduydug Xql0

yhuvlw| Suhvv/ Fdpeulgjh/ PD1

Exuqvlgh/ F1 +4<<9,/ cSurgxfwlrq Ixqfwlrq Uhjuhvvlrqv/ Uhwxuqv wr Vfdoh dqg H{whuqdol0

wlhv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:+5,/ 4::�5341

Exuqvlgh/ F1/ Hlfkhqedxp/ P1 ) Uhehor/ V1 +4<<6,/ cOderu Krduglqj dqg wkh Exvlqhvv

F|foh*/ Mrxuqdo ri Srolwlfdo Hfrqrp| 434+5,/ 578�5:61

Exuqvlgh/ F1/ Hlfkhqedxp/ P1 ) Uhehor/ V1 +4<<8,/ Fdslwdo Xwlol}dwlrq dqg Uhwxuqv wr

Vfdoh/ lq E1 V1 Ehuqdqnh ) M1 Urwhpehuj/ hgv/ cQEHU Pdfurhfhrqrplfv Dqqxdo*/

PLW Suhvv/ Fdpeulgjh/ PD1

Fdedoohur/ U1 ) O|rqv/ U1 N1 +4<<3,/ cLqwhuqdo yhuvxv H{whuqdo Hfrqrplhv lq Hxurshdq

Lqgxvwu|*/ Hxurshdq Hfrqrplf Uhylhz 67+7,/ ;38�;591

Fdedoohur/ U1 ) O|rqv/ U1 N1 +4<<5,/ cH{whuqdo H�hfwv lq X1V1 Surf|folfdo Surgxfwlylw|*/

Mrxuqdo ri Prqhwdu| Hfrqrplfv 5<+5,/ 53<�55<1

Fdvv/ G1 +4<98,/ cRswlpxp Jurzwk lq dq Djjuhjdwlyh Prgho ri Fdslwdo Dffxpxodwlrq*/

Mrxuqdo ri Hfrqrplf Vwxglhv 65+5,/ 566�5731

Fdyhv/ G1 Z1/ Fkulvwhqvhq/ O1 U1 ) Vzdqvrq/ M1 D1 +4<;4,/ cSurgxfwlylw| Jurzwk/ Vfdoh

Hfrqrplhv/ dqg Fdsdflw| Xwlol}dwlrq lq X1V1 Udlourdgv/ 4<880:7*/ Dphulfdq Hfr0

qrplf Uhylhz :4+8,/ <<7�43351
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Frh/ G1 W1 ) Khospdq/ H1 +4<<8,/ cLqwhuqdwlrqdo U)G Vslooryhuv*/ Hxurshdq Hfrqrplf

Uhylhz 6<+8,/ ;8<�;;:1

Frh/ G1 W1 ) Kr�pdlvwhu/ D1 Z1 +4<<<,/ cDuh wkhuh Lqwhuqdwlrqdo U)G VslooryhuvB D

Uhvsrqvh wr Nhoohu*/ LPI Zrunlqj Sdshu <<24;1

Glhzhuw/ Z1 H1 +4<:7,/ Dssolfdwlrqv ri Gxdolw| Wkhru|/ lq P1 G1 Lqwuloljdwru ) G1 D1

Nhqgulfn/ hgv/ cIurqwlhuv ri Txdqwlwdwlyh Hfrqrplfv/ Yro1 LL*/ Qruwk Kroodqg/ Dpv0

whugdp1

Glhzhuw/ Z1 H1 ) Zdohv/ W1 M1 +4<;:,/ cIoh{leoh Ixqfwlrqdo Irupv dqg Joredo Fxuydwxuh

Frqglwlrqv*/ Hfrqrphwulfd 88+4,/ 76�9;1

Glhzhuw/ Z1 H1 ) Zdohv/ W1 M1 +4<<5,/ cTxdgudwlf Vsolqh Prghov iru Surgxfhu*v Vxsso|

Dqg Ghpdqg Ixqfwlrq*/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 66+6,/ :38�:551

Grprzlw}/ L1/ Kxeedug/ U1 J1 ) Shwhuvhq/ E1 F1 +4<;;,/ cPdunhw Vwuxfwxuh dqg F|folfdo

Ioxfwxdwlrqv lq X1V1 Pdqxidfwxulqj*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :3+4,/ 88�

991

Hqjhoeuhfkw/ K10M1 +4<<:,/ cLqwhuqdwlrqdo U)G Vslooryhuv/ Kxpdq Fdslwdo dqg Surgxfwly0

lw| lq RHFG Hfrqrplhv= Dq Hpslulfdo Lqyhvwljdwlrq*/ Hxurshdq Hfrqrplf Uhylhz

74+;,/ 47:<�47;;1

Hyhqvrq/ U1 H1/ Sxwqdp/ M1 G1 ) Nruwxp/ V1 G1 +4<;<,/ cLqyhqwlrq e| Lqgxvwu|*/ Plphr/

\doh Xqlyhuvlw|1

Ihhqvwud/ U1 +5333,/ cZruog Wudgh Iorzv/ 4<;304<<:*/ Xqlyhuvlw| ri Fdoliruqld/ Gdylv/

dqg QEHU1

Iodlj/ J1 ) Vwhlqhu/ Y1 +4<<3,/ cPdunxs Gl�huhqwldov/ Frvw Ioh{lelolw|/ dqg Fdsdflw|

Xwlol}dwlrq lq Zhvw0Jhupdq Pdqxidfwxulqj*/ Yronvzluwvfkdiwolfkh Glvnxvvlrqvuhlkh

= Lqvwlwxw ixhu Yronvzluwvfkdiwvohkuh ghu Xqlyhuvlwdhw Dxjvexuj 731
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Iodlj/ J1 ) Vwhlqhu/ Y1 +4<<6,/ cVhdufklqj iru wkh Surgxfwlylw| Vorzgrzq= Vrph Vxusulv0

lqj Ilqglqjv iurpZhvw JhupdqPdqxidfwxulqj*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv

:8+4,/ 8:�981

Ixvv/ P1/ PfIdgghq/ G1 ) Pxqgodn/ \1 +4<:;,/ D Vxuyh| ri Ixqfwlrqdo Irupv lq wkh

Hfrqrplf Dqdo|vlv ri Surgxfwlrq/ lqP1 Ixvv ) G1 Pfidgghq/ hgv/ cSurgxfwlrq Hfr0

qrplfv= D Gxdo Dssurdfk wr Wkhru| dqg Dssolfdwlrqv/ Yroxph L*/ Qruwk0Kroodqg/

Dpvwhugdp1

Jùu}lj/ E1/ Vfklqwnh/ M1 ) Vfkplgw/ P1 +5333,/ cSurgxnwlrq xqg Idnwruhlqvdw} qdfk

Eudqfkhq ghv yhuduehlwhqghq Jhzhuehv Zhvwghxwvfkodqgv 0 Ehuhfkqxqj i u 64

Eudqfkhq qdfk hxursçlvfkhu Nodvvl�ndwlrq*/ GLZ/ Ehuolq1

Jrwr/ D1 ) Vx}xnl/ N1 +4<;<,/ cU)G Fdslwdo/ Udwh ri Uhwxuq rq U)G Lqyhvwphqw dqg

Vslooryhu ri U)G lq Mdsdqhvh Pdqxidfwxulqj Lqgxvwulhv*/ Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv :4+7,/ 888�971

Juhhqh/ Z1 +4<<:,/ Hfrqrphwulf Dqdo|vlv/ Wklug Hglwlrq/ Suhqwlfh Kdoo/ Xsshu Vdggoh

Ulyhu/ Qhz Mhuvh|1

Jul!wk/ U1/ Uhgglqj/ V1 ) ydq Uhhqhq/ M1 +5333,/ cPdsslqj wkh Wzr Idfhv ri U)G=

Surgxfwlylw| Jurzwk lq d Sdqho ri RHFG Lqgxvwulhv*/ Lqvwlwxwh ri Ilvfdo Vwxglhv

Zrunlqj Sdshu ZS352331

Julolfkhv/ ]1 +4<;9,/ cSurgxfwlylw|/ U)G/ dqg Edvlf Uhvhdufk dw wkh Ilup Ohyho lq wkh

4<:3*v*/ Dphulfdq Hfrqrplf Uhylhz :9+4,/ 474�871

Julolfkhv/ ]1 ) Pdluhvvh/ M1 +4<;6,/ cFrpsdulqj Surgxfwlylw| Jurzwk= Dq H{sorudwlrq ri

Iuhqfk dqg XV Lqgxvwuldo dqg Ilup Gdwd*/ Hxurshdq Hfrqrplf Uhylhz 54+405,/ ;<�

44<1

Jurvvpdq/ J1 P1 ) Khospdq/ H1 +4<<4,/ Lqqrydwlrq dqg Jurzwk lq wkh Joredo Hfrqrp|/

PLW Suhvv/ Fdpeulgjh PD1

47:



Kdoo/ E1 ) Pdluhvvh/ M1 +4<<9,/ cHvwlpdwlqj wkh Surgxfwlylw| ri Uhvhdufk dqg Ghyhors0

phqw= Dq H{sorudwlrq ri JPP Phwkrgv Xvlqj Gdwd rq Iuhqfk dqg Xqlwhg Vwdwhv

Pdqxidfwxulqj Ilupv*/ QEHU Zrunlqj Sdshu Vhulhv 88341

Kdoo/ U1 H1 +4<;;,/ cWkh Uhodwlrq ehwzhhq Sulfh dqg Pdujlqdo Frvw lq XV Lqgxvwu|*/

Mrxuqdo ri Srolwlfdo Hfrqrp| <9+8,/ <54�<7:1

Kdoo/ U1 H1 +4<<3,/ Lqyduldqfh Surshuwlhv ri Vrorz*v Surgxfwlylw| Uhvlgxdo/ lqS1 Gldprqg/

hg1/ cJurzwk2Surgxfwlylw|2Xqhpsor|phqw*/ PLW Suhvv/ Fdpeulgjh/ PD1

Lp/ N1 V1/ Shvdudq/ P1 K1 ) Vklq/ \1 +4<<8,/ cWhvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv

Sdqhov*/ Xqlyhuvlw| ri Fdpeulgjh/ Ghsduwphqw ri Dssolhg Hfrqrplfv Zrunlqj Sd0

shu/ Dpdojdpdwhg Vhulhv = <8591

Md�h/ D1 +4<;9,/ cWhfkqrorjlfdo Rssruwxqlw| dqg Vslooryhuv ri U)G= Hylghqfh iurpIlup*v

Sdwhqwv/ Sur�wv/ dqg Pdunhw Ydoxh*/ Dphulfdq Hfrqrplf Uhylhz :9+8,/ <;7�43341

Mrqhv/ F1 L1 +4<<8d,/ cU)G0Edvhg Prghov ri Hfrqrplf Jurzwk*/ Mrxuqdo ri Srolwlfdo

Hfrqrp| 436+7,/ :8<�;71

Mrqhv/ F1 L1 +4<<8e,/ cWlph0Vhulhv Whvwv iru Jurzwk Prghov*/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv 443+5,/ 7<8�8581

Mrqhv/ F1 L1 ) Zlooldpv/ M1 F1 +4<<;,/ cPhdvxulqj wkh Vrfldo Uhwxuq wr U)G*/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv 446+7,/ 444<�681

Mrqhv/ O1 H1 ) Pdqxhool/ U1 +4<<3,/ cD Frqyh{ Prgho ri Htxloleulxp Jurzwk= Wkhru|

dqg Srolf| Lpsolfdwlrqv*/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;+8,/ 433;�436;1

Mrujhqvrq/ G1/ Iudxphql/ E1 ) Jroors/ I1 +4<;:,/ Surgxfwlylw| dqg X1V1 Hfrqrplf

Jurzwk/ Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ PD1

Ndr/ F1/ Fkldqj/ P10K1 ) Fkhq/ E1 +4<<<,/ cLqwhuqdwlrqdo U)G Vslooryhuv= Dq Ds0

solfdwlrq ri Hvwlpdwlrq Dqg Lqihuhqfh lq Sdqho Frlqwhjudwlrq*/ R{irug Exoohwlq ri

Hfrqrplfv dqg Vwdwlvwlfv 94+3,1
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Nhoohu/ Z1 +4<<;,/ cDuh Lqwhuqdwlrqdo U)G Vslooryhuv Wudgh0UhodwhgB Dqdo|}lqj

Vslooryhuv dprqj Udqgrpo| Pdwfkhg Wudgh Sduwqhuv*/ Hxurshdq Hfrqrplf Uhylhz

75+;,/ 479<�;41

Nhoohu/ Z1 +5334,/ cWudgh dqg wkh Wudqvplvvlrq ri Whfkqrorj|*/ Xqlyhuvlw| ri Wh{dv/

Uhylvhg Zrunlqj Sdshu1

Nlp/ V1 ) Qdglul/ P1 L1 +4<<9d,/ cLqwhuqdwlrqdo U)G Vslooryhuv/ Wudgh dqg Surgxfwlylw|

lq Pdmru RHFG Frxqwulhv*/ QEHU Zrunlqj Sdshu 8;341

Nlp/ V1 ) Qdglul/ P1 L1 +4<<9e,/ cU)G/ Surgxfwlrq Vwuxfwxuh dqg Surgxfwlylw| Jurzwk=

D Frpsdulvrq ri wkh X1V1/ Mdsdqhvh dqg Nruhdq Pdqxidfwxulqj Vhfwruv*/ QEHU

Zrunlqj Sdshu 88391

Nrrspdqv/ W1 F1 +4<98,/ Rq wkh Frqfhsw ri Rswlpdo Hfrqrplf Jurzwk/ lq cWkh Hfrqr0

phwulf Dssurdfk wr Ghyhorsphqw*/ Qruwk Kroodqg/ Dpvwhugdp1

Nzrq/ M1 N1 ) Sdun/ V10U1 +4<<8,/ cUdslg Hfrqrplf Jurzwk zlwk Lqfuhdvlqj Uhwxuqv wr

Vfdoh dqg Olwwoh ru qr Surgxfwlylw| Jurzwk*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv

::+5,/ 665�6841

Odx/ O1 M1 +4<:;,/ Dssolfdwlrqv ri Sur�w Ixqfwlrqv/ lq P1 Ixvv ) G1 Pfidgghq/ hgv/

cSurgxfwlrq Hfrqrplfv= D Gxdo Dssurdfk wr Wkhru| dqg Dssolfdwlrqv/ Yroxph L*/

Qruwk0Kroodqg/ Dpvwhugdp1

Olfkwhqehuj/ I1 ) ydq Srwwhovehujkh gh od Srwwhulh/ E1 +4<<9,/ cLqwhuqdwlrqdo U)G

Vslooryhuv= D Uh0H{dplqdwlrq*/ QEHU Zrunlqj Sdshu 899;1

Orv/ E1 ) Yhuvsdjhq/ E1 +5333,/ cU)G Vslooryhuv dqg Surgxfwlylw|= Hylghqfh iurp X1V1

Pdqxidfwxulqj Plfurgdwd*/ Hpslulfdo Hfrqrplfv 7:+4,/ 45:�47;1

Oxfdv/ U1 H1 M1 +4<:3,/ cFdsdflw|/ Ryhuwlph/ dqg Hpslulfdo Surgxfwlrq Ixqfwlrqv*/ Dphu0

lfdq Hfrqrplf Uhylhz= Sdshuv dqg Surfhhglqjv 93+5,/ 56�5:1
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Oxfdv/ U1 H1 M1 +4<;;,/ cRq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw*/ Mrxuqdo ri Prq0

hwdu| Hfrqrplfv 55+4,/ 6�751

O|qgh/ F1 ) Ulfkprqg/ M1 +4<<5,/ cWkh Uroh ri Sxeolf Fdslwdo lq Surgxfwlrq*/ Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv :7+4,/ 458�4751

Pdgglvrq/ D1 +4<;5,/ Skdvhv ri Fdslwdolvw Ghyhorsphqw/ R{irug Xqlyhuvlw| Suhvv/ Qhz

\run1

Pdluhvvh/ M1 ) Vdvvhqrx/ P1 +4<<4,/ cU)G dqg Surgxfwlylw|= D Vxuyh| ri Hfrqrphwulf

Vwxglhv dw wkh Ilup Ohyho*/ QEHU Zrunlqj Sdshu 69991

Pdpxqhdv/ W1 S1 +4<<<,/ cVslooryhuv iurp Sxeolfo| Ilqdqfhg U)G Fdslwdo lq Kljk0Whfk

Lqgxvwulhv*/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq 4:+5,/ 548�56<1

Pdpxqhdv/ W1 S1 ) Qdglul/ P1 L1 +4<<7,/ cWkh H�hfwv ri Sxeolf Lqiudvwuxfwxuh dqg U)G

Fdslwdo rq wkh Frvw Vwuxfwxuh dqg Shuirupdqfh ri X1V1 Pdqxidfwxulqj Lqgxvwulhv*/

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :9+4,/ 55�6:1

Pdqv�hog/ H1 +4<;7,/ Frpphqw/ lq ]1 Julolfkhv/ hg1/ cU)G/ Sdwhqwv dqg Surgxfwlylw|*/

Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1

Pdv0Frohoo/ D1/ Zklqvwrq/ P1 ) Juhhq/ M1 U1 +4<<8,/ Plfurhfrqrplf Wkhru|/ R{irug

Xqlyhuvlw| Suhvv/ R{irug1

PfIdgghq/ G1 +4<:;d,/ Frvw/ Uhyhqxh dqg Sur�w Ixqfwlrqv/ lqP1 Ixvv ) G1 PfIdgghq/

hgv/ cSurgxfwlrq Hfrqrplfv= D Gxdo Dssurdfk wr Wkhru| dqg Dssolfdwlrqv/ Yroxph

L*/ Qruwk0Kroodqg/ Dpvwhugdp1

PfIdgghq/ G1 +4<:;e,/ Wkh Jhqhudo Olqhdu Sur�w Ixqfwlrq/ lqP1 Ixvv ) G1 PfIdgghq/

hgv/ cSurgxfwlrq Hfrqrplfv= D Gxdo Dssurdfk wr Wkhru| dqg Dssolfdwlrqv/ Yroxph

L*/ Qruwk0Kroodqg/ Dpvwhugdp1
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Pl}rq/ J1 H1 +4<<8,/ cD Vlpsoh Phvvdjh iru Dxwrfruuhodwlrq Fruuhfwruv= Grq*w*/ Mrxuqdo

ri Hfrqrphwulfv 9<+4,/ 59:�;;1

Prkqhq/ S1/ Qdglul/ P1 L1 ) Suxfkd/ L1 U1 +4<;9,/ cU)G/ Surgxfwlrq Vwuxfwxuh dqg

Udwhv ri Uhwxuq lq wkh XV/ Mdsdqhvh dqg Jhupdq Pdqxidfwxulqj Vhfwruv*/ Hxurshdq

Hfrqrplf Uhylhz 63+7,/ :7<�::41

Pruulvrq/ F1 M1 +4<;;,/ cTxdvl0Il{hg Lqsxwv lq X1V1 dqg Mdsdqhvh Pdqxidfwxulqj 0 D

Jhqhudol}hg Uhvwulfwhg Ohrqwlhi Frvw Ixqfwlrq Dssurdfk*/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv :3+5,/ 5:8�5;:1

Pruulvrq/ F1 M1 +4<<3,/ cPdunhw0Srzhu/ Hfrqrplf Sur�wdelolw| dqg Surgxfwlylw| Jurzwk

Phdvxuhphqw= Dq Lqwhjudwhg Vwuxfwxudo Dssurdfk*/ QEHU Zrunlqj Sdshu Vhulhv

66881

Pruulvrq/ F1 M1 +4<<6,/ D Plfurhfrqrplf Dssurdfk wr wkh Phdvxuhphqw ri Hfrqrplf

Shuirupdqfh 0 Surgxfwlylw| Jurzwk/ Fdsdflw| Xwlol}dwlrq/ dqg Uhodwhg Shuirupdqfh

Lqglfdwruv/ Elonrxw Xqlyhuvlw| Ohfwxuh Vhulhv/ Vsulqjhu Yhuodj/ Qhz \run1

Pruulvrq Sdxo/ F1 M1 ) Vlhjho/ G1 V1 +4<<:,/ cH{whuqdo Fdslwdo Idfwruv dqg Lqfuhdvlqj

Uhwxuqv lq X1V1 Pdqxidfwxulqj*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :<+7,/ 97:�9851

Pruulvrq Sdxo/ F1 M1 ) Vlhjho/ G1 V1 +4<<<,/ cVfdoh Hfrqrplhv dqg Lqgxvwu| Djjorphudwlrq

H{whuqdolwlhv= D G|qdplf Frvw Ixqfwlrq Dssurdfk*/ Dphulfdq Hfrqrplf Uhylhz

;<+4,/ 5:5�5<31

Qdglul/ P1 L1 +4<<6,/ cLqqrydwlrqv dqg Whfkqrorjlfdo Vslooryhuv*/ QEHU Zrunlqj Sdshu

77561

Qdglul/ P1 L1 ) Qdqgl/ E1 +4<<<,/ cWhfkqlfdo Fkdqjh/ Pdun0xs/ Glyhvwxuh/ dqg Surgxf0

wlylw| Jurzwk lq wkh X1V1 Whohfrppxqlfdwlrqv Lqgxvwu|*/ Uhylhz ri Hfrqrplfv dqg

Vwdwlvwlfv ;4+6,/ 7;;�<;1

484



Qdglul/ P1 L1 ) Suxfkd/ L1 U1 +4<<6,/ cHvwlpdwlrq ri wkh Ghsuhfldwlrq Udwh ri U)G

Fdslwdo lq wkh X1V Wrwdo Pdqxidfwxulqj Vhfwru*/ QEHU Zrunlqj Sdshu 78<41

Qdglul/ P1 L1 ) Suxfkd/ L1 U1 +4<<9,/ cHqgrjhqrxv Fdslwdo Xwlol}dwlrq dqg Surgxfwlylw|

Phdvxuhphqw lq G|qdplf Idfwru Ghpdqg Prghov 0 Wkhru| dqg dq Dssolfdwlrq wr

wkh X1V1 Ehoo V|vwhp*/ Mrxuqdo ri Hfrqrphwulfv :4+405,/ 676�:<1

Qdglul/ P1 L1 ) Suxfkd/ L1 U1 +4<<<,/ cG|qdplf Idfwru Ghpdqg Prghov dqg Surgxfwlylw|

Dqdo|vlv*/ QEHU Zrunlqj Sdshu :3:<1

Qdglul/ P1 L1 ) Zro�/ H1 Q1 +4<<6,/ cVslooryhu H�hfwv/ Olqndjh Vwuxfwxuh/ dqg Uhvhdufk

dqg Ghyhorsphqw*/ Vwuxfwxudo Fkdqjh dqg Hfrqrplf G|qdplfv 7+5,/ 6481

Qhovrq/ F1 ) Vwduw}/ U1 +4<<3,/ cWkh Glvwulexwlrq ri wkh Lqvwuxphqwdo Yduldeoh Hvwlpdwru

dqg Lwv w0Udwlr Zkhq wkh Lqvwuxphqw Lv d Srru Rqh*/ Mrxuqdo ri Exvlqhvv 69+5,/ 458�

731

RHFG +4<<8,/ cRHFG Lqsxw0Rxwsxw Gdwdedvh*/ RHFG/ Sdulv1

RHFG +4<<;,/ cVWDQ Gdwdedvh iru Lqgxvwuldo Dqdo|vlv*/ RHFG/ Sdulv1

RHFG +4<<<,/ cDQEHUG dqg DQVUH +Uhvhdufk dqg Ghyhorsphqw lq Lqgxvwu|= H{shq0

glwxuhv rq Uhvhdufk/ Vflhqwlvwv dqg Hqjlqhhuv Gdwdedvh,*/ RHFG/ Sdulv1

RHFG +5333d,/ cUhvhdufk dqg Ghyhorsphqw H{shqglwxuh lq Lqgxvwu|*/ RHFG/ Sdulv1

RHFG +5333e,/ cVWDQ Gdwdedvh iru Lqgxvwuldo Dqdo|vlv*/ RHFG/ Sdulv1

Rolyhlud Pduwlqv/ M1/ Slodw/ G1 ) Vfdushwwd/ V1 +4<<9,/ cPdun0Xs Udwlrv iru Pdqxidfwxu0

lqj Lqgxvwulhv= Hvwlpdwhv iru 47 RHFG Frxqwulhv*/ RHFG Hfrqrplfv Ghsduwphqw

Zrunlqj Sdshuv Qr 4951

Sdtxhw/ D1 ) Urxelgrx{/ E1 +5334,/ cLvvxhv rq wkh Phdvxuhphqw ri wkh Vrorz Uhvlgxdo

dqg wkh Whvwlqj ri lwv H{rjhqhlw|= Hylghqfh iru Fdqdgd*/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 7:+6,/ 8<8�9451
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Udvn/ N1 +4<<8,/ cWkh Vwuxfwxuh ri Whfkqrorj| lq Eud}loldq Vxjdufdqh Surgxfwlrq/ 4<:80

;:*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 43+6,/ 554�651

Uhehor/ V1 +4<<4,/ cOrqj0Uxq Srolf| Dqdo|vlv dqg Orqj0Uxq Jurzwk*/ Mrxuqdo ri Srolwlfdo

Hfrqrp| <<+6,/ 833�8541

Ulyhud0Edwl}/ O1 D1 ) Urphu/ S1 P1 +4<<4,/ cHfrqrplf Lqwhjudwlrq dqg Hqgrjhqrxv

Jurzwk*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 439+5,/ 864�8881

Urhjhu/ Z1 +4<<8,/ cFdq Lpshuihfw Frpshwlwlrq H{sodlq wkh Gl�huhqfh ehwzhhq Sul0

pdo dqg Gxdo Surgxfwlylw| Phdvxuhv= Hvwlpdwhv iru XV Pdqxidfwxulqj*/ Mrxuqdo ri

Srolwlfdo Hfrqrp| 436+5,/ 649�6631

Urphu/ S1 +4<;9,/ cLqfuhdvlqj Uhwxuqv dqg Orqj0Uxq Jurzwk*/ Mrxuqdo ri Srolwlfdo Hfrq0

rp| <7+8,/ 4335�436:1

Urphu/ S1 +4<<3,/ cHqgrjhqrxv Whfkqrorjlfdo Fkdqjh*/ Mrxuqdo ri Srolwlfdo Hfrqrp|

<;+8,/ :4�4351

Vfkdqnhupdq/ P1 +4<;4,/ cWkh H�hfwv ri Grxeoh0Frxqwlqj dqg H{shqvlqj rq wkh Phd0

vxuhg Uhwxuqv wr U)G*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96+6,/ 787�78;1

Vfkhuhu/ I1 P1 +4<;5,/ cLqwhu0Lqgxvwu| Whfkqrorj| Iorzv dqg Surgxfwlylw| Jurzwk*/ Uh0

ylhz ri Hfrqrplfv dqg Vwdwlvwlfv 97+7,/ 95:�9671

Vfkhuhu/ I1 P1 +4<;7,/ Xvlqj Olqnhg Sdwhqw dqg U)G Gdwd wr Phdvxuh Lqwhulqgxvwu|

Whfkqrorj| Iorzv/ lq ]1 Julolfkhv/ hg1/ cU)G/ Sdwhqwv/ dqg Surgxfwlylw|*/ Wkh Xql0

yhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1

Vkdslur/ P1 G1 +4<;<,/ cDvvhvvlqj wkh Ihghudo Uhvhuyh*v Phdvxuhv ri Fdsdflw| dqg Xwl0

ol}dwlrq*/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 3+4,/ 4;4�5581

Vrorz/ U1 +4<89,/ cD Frqwulexwlrq wr wkh Wkhru| ri Hfrqrplf Jurzwk*/ Txduwhuo| Mrxuqdo

ri Hfrqrplfv :3+4,/ 98�<71
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Vwdljhu/ G1 ) Vwrfn/ M1 K1 +4<<:,/ cLqvwuxphqwdo Yduldeoh Uhjuhvvlrq zlwk Zhdn Lqvwux0

phqwv*/ Hfrqrphwulfd 98+6,/ 88:�8;81

Vwliwhuyhuedqg i u glh ghxwvfkh Zlvvhqvfkdiw +4<<<,/ cIxH0Gdwhquhsruw 4<<<*/ Hvvhq1

Vyhlvndxvndv/ O1 +4<;4,/ cWhfkqrorj| Lqsxwv dqg Pxowlidfwru Surgxfwlylw| Jurzwk*/ Uh0

ylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96+5,/ 5:8�5;51

Whuohfn|m/ Q1 H1 +4<:7,/ cH�hfwv ri U)G rq wkh Surgxfwlylw| Jurzwk ri Lqgxvwulhv= Dq

H{sorudwru| Vwxg|*/ Qdwlrqdo Sodqqlqj Dvvrfldwlrq/ Zdvklqjwrq G1 F1

Whuohfn|m/ Q1 H1 +4<;3,/ Gluhfw dqg Lqgluhfw H�hfwv ri Lqgxvwuldo Uhvhdufk dqg Ghyhors0

phqw rq wkh Surgxfwlylw| Jurzwk ri Lqgxvwulhv/ lq M1 Z1 Nhqgulfn ) E1 Q1 Ydffdud/

hgv/ cQhz Ghyhorsphqwv lq Surgxfwlylw| Phdvxuhphqw dqg Dqdo|vlv*/ Wkh Xqlyhuvlw|

ri Fklfdjr Suhvv/ Fklfdjr1

Yhuvsdjhq/ E1 +4<<:,/ cHvwlpdwlqj Lqwhuqdwlrqdo Whfkqrorj| Vslooryhuv Xvlqj Whfkqrorj|

Iorz Pdwulfhv*/ Zhowzluwvfkdiwolfkhv Dufkly 466+5,/ 559�7;1

Zloh|/ G1 H1/ Vfkplgw/ Z1 K1 ) Eudpeoh/ Z1 M1 +4<:6,/ cVwxglhv ri d Fodvv ri Fryduldqfh

Vwuxfwxuh Prghov*/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 9;+675,/ 64:�

6561

\rxqj/ D1 +4<<;,/ cJurzwk zlwkrxw Vfdoh H�hfwv*/ Mrxuqdo ri Srolwlfdo Hfrqrp|

439+4,/ 74�961
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D14 Gluhfw Uhvxowv

Wkh phdqlqj ri wkh sdudphwhuv lv ghvfulehg lq vhfwlrq 615151 Wkrvh sdudphwhuv wkdw duh

hvwlpdwhg zlwk frxqwu| gxpplhv/ qdpho| wkh frqvwdqwv ri wkh idfwru ghpdqg htxdwlrqv/

Kuc Kg dqg K� c dqg wkh pdun0xs/ >c duh uhsruwhg zlwk dq dgglwlrqdo lqgh{ ghqrwlqj wkh

frxqwu|1 L7 vwdqgv iru wkh XV/ U iru Lwdo|/ a� iru Mdsdq/ ( iru Jhupdq|/ � iru Fdqdgd

dqg 8 iru Iudqfh1 U2r dqg wkh Gxuelq Zdwvrq Vwdwlvwlf/ G1Z1/ duh uhsruwhg vhsdudwho|

iru wkh frvw ixqfwlrq/ wkh wkuhh idfwru ghpdqg htxdwlrqv/ oderu/ fdslwdo dqg pdwhuldo

lqsxwv dqg wkh sulfh htxdwlrq1
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Wdeoh D14= Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049,

ruu rgg rug Kuu Kgg K��

03145< 0417<9 31765 31687 041453 41498

+3135:, +31656, +313:<, +3137:, +315:<, +3144;,

KuL7 KuU Kua� Ku( Ku� Ku8
31383 313;; 31435 31365 313:4 313<9

+31349, +31349, +3134:, Ef�f�.� +31349� +3134:�
KgL7 KgU Kga� Kg( Kg� Kg8

3143; 31533 31488 31538 3138< 3155:

+3138<, +31393, +31396, +31396, +3138;, +31395,

K�L7 K�U K�a� K�( K�� K�8

31345 31373 03143; 3139< 03134< 03134<

+3134:, +31349, +3134:, +3134:, +3134:, +3134:,

Ku| Kg| K�| K| Kt t K||
313338 3133; 3133< 031336 031395 031335

+313338, +31334, +31334, +31339, +31347, +317-433e,

>L7 >U >a� >( >� >8
4156: 4159: 41537 41565 41566 41549

+31377, +31377, +31375, +31376, +31378, +31376,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<3 31;94 31<45 31<;8 31<::

G1Z1 316;9 314:7 31548 31:89 316;4

Rev1 43: 43: 43: 43: 43:

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Wdeoh D15= Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<,

ruu rgg rug Kuu Kgg K��

031837 0513:; 31<56 31:;< 0417:7 41379

+3137:, +31583, +313<8, +31386, +3153;, +313;:,

KuL7 KuU Kua� Ku( Ku� Ku8
3137: 31368 0 031336 3139; 31374

+31345, +31345, 0 031336 +31345� +31345�
KgL7 KgU Kga� Kg( Kg� Kg8

31589 313689 0 3174; 314;4 3157:

+3135;, +3135;, 0 +3135:, +3135<, +3135;,

K�L7 K�U K�a� K�( K�� K�8

31379 31368 0 3137; 31336 3134;

+3134<, +3134;, 0 +3134;, +3134<, ,3134;,

KuA KgA K�| K| Kt t K||
03133: 03133; 31334 031333< 03136 8-433D

+31333:, +31335, +31333:, +313337, +3133:, +5-433D,

>L7 >U >a� >( >� >8
4154< 41557 0 41546 41544 414:8

+3134:, +3134;, 0 +3134;, +3134:, +3134;,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<7 31<:< 31<84 31<3; 31<;8

G1Z1 317:3 318:5 31654 31599 31675

Rev1 ;; ;; ;; ;; ;;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

48:



Wdeoh D16= Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53,

ruu rgg rug Kuu Kgg K��

031468 31458 31344 31468 313;3 319:9

+31393, +3167<, +3146:, +3139<, +315;<, +313<<,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31575 0 3149< 314;4 0

0 +31353, 0 +31354, +31354, 0

KgL7 KgU Kga� Kg( Kg� Kg8

0 41354 0 318:8 31678 0

0 +31383, 0 +31384, +31386, 0

K�L7 K�U K�a� K�( K�� K�8

0 031378 0 031385 03137; 0

0 +3135:, 0 +3135;, +3135:, 0

KuA KgA K�| K| Kt t K||
031334 31337 031334 031339 031367 031335

+31334, +31335, +31334, +31334, +31348, +9-43D,

>L7 >U >a� >( >� >8
0 4165: 0 4156< 41596

0 +31395, 0 +31393, +3138<,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<3 31;74 31<;3 31<8; 31<::

G1Z1 3185; 315;; 315:6 316;; 31;3<

Rev1 85 85 85 85 85

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

48;



Wdeoh D17= Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055,

ruu rgg rug Kuu Kgg K��

031345 31:9< 03149; 313<6 31883 31757

+31398, +313;8, +31484, +313:5, +31647, +31435,

KuL7 KuU Kua� Ku( Ku� Ku8
0 314:6 0 3148; 3147: 31539

0 +31345, 0 +31346, +31346� +31346�
KgL7 KgU Kga� Kg( Kg� Kg8

0 31666 0 31888 3176< 3166<

0 +3137:, 0 +31384, +31384, +31384,

K�L7 K�U K�a� K�( K�� K�8

0 031358 0 03139: 031468 03139:

0 +31347, 0 +31348, +31348, +31348,

KuA KgA K�| K| Kt t K||
031334 3134< 31336 031335 031363 07-433D

+31333<, +31335, +31334, +31333;, +31345, +9-433e,

>L7 >U >a� >( >� >8
0 41654 0 415<6 41495 415;9

0 +31374, 0 +3136<, +3136:, +3136<,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<8 31;87 31<4< 31<<3 31<;4

G1Z1 3174: 31696 31669 319:3 31;:7

Rev1 9< 9< 9< 9< 9<

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

48<



Wdeoh D18= Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57,

ruu rgg rug Kuu Kgg K��

031447 031947 31483 313;5 0319:3 31<3<

+31373, +31566, +313;<, +31383, +314<8, +313::,

KuL7 KuU Kua� Ku( Ku� Ku8
314;7 31499 0 314<4 3146< 0

+31349, +31348, 0 +31349, +31349� 0

KgL7 KgU Kga� Kg( Kg� Kg8

318;7 31999 0 318<9 319:5 0

+3138<, +31393, 0 +31396, +3138;, 0

K�L7 K�U K�a� K�( K�� K�8

0313;< 3134; 0 031337 031393 0

+31363, +3135<, 0 +31363, +31363, 0

KuA KgA K�| K| Kt t K||
031334 31344 0313336 031337 3137: 0313334

+31333<, +31336, +31334, +31334, +31353, +8-433D,

>L7 >U >a� >( >� >8
414;5 41549 0 41534 414;7 0

+3138:, +3138;, 0 +3138;, +3138:, 0

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<6 31;;9 31:;6 31<93 31<;7

G1Z1 31894 31687 3167; 317<5 31::5

Rev1 :3 :3 :3 :3 :3

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

493



Wdeoh D19= Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58,

ruu rgg rug Kuu Kgg K��

031535 03156: 31656 3177; 031537 31873

+313:<, +317<6, +314<6, +313<5, +316;6, +31453,

KuL7 KuU Kua� Ku( Ku� Ku8
313<5 31354 0 313:3 313:< 0

+31346, Ef�f��� 0 +31346� +31346, 0

KgL7 KgU Kga� Kg( Kg� Kg8

31667 31846 0 317;7 3166: 0

+31365, +3136;, 0 +31369, +31363, 0

K�L7 K�U K�a� K�( K�� K�8

31387 3133< 0 031368 031339 0

+3134:, +3134:, 0 +3134:, +3134:, 0

KuA KgA K�| K| Kt t K||
031335 31345 31339 0313338 03139< 0;-433D

+31334, +31335, +31334, +31334, +31345, +8-433D,

>L7 >U >a� >( >� >8
41737 41636 0 41694 41673 0

+31378, +31374, 0 +31376, +31376, 0

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<; 31<7; 31<:6 31<<5 31<:7

G1Z1 319:5 3187< 3175< 31838 3175<

Rev1 :3 :3 :3 :3 :3

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

494



Wdeoh D1:= Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59,

ruu rgg rug Kuu Kgg K��

031:59 041:9< 413;7 31:<5 0416<6 31:77

+313::, +31676, +31476, +313:5, +3163;, +31438,

KuL7 KuU Kua� Ku( Ku� Ku8
3146; 31435 0 313:< 313<8 3144:

+31367, +31347, 0 +31347, +31347, +31347�
KgL7 KgU Kga� Kg( Kg� Kg8

31893 31:55 0 31883 31877 31877

+31377, +31377, 0 +31778, +31379, +31379,

K�L7 K�U K�a� K�( K�� K�8

31373 31395 0 3133; 31353 3134;

+3134:, +3134:, 0 +3134;, +3134:, +3134:,

KuA KgA K�| K| Kt t K||
031337 03133< 0313334 031335 03133: 313334

+31333:, +313335, +31333;, +313338, +31343, +7-433D,

>L7 >U >a� >( >� >8
415<5 41654 0 415:4 4158< 415:3

+31369, +3136:, 0 +31369, +31369, +31369,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<;: 31<53 31<53 31<5< 31<::

G1Z1 319<: 318<4 31887 31983 31876

Rev1 ;; ;; ;; ;; ;;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

495



Wdeoh D1;= Hvwlpdwlrq Uhvxowv iru wkh Edvlf dqg Ideulfdwhg Phwdov Lqgxvwulhv +5:05;,

ruu rgg rug Kuu Kgg K��

0315:9 31549 31647 31733 316<< 315<6

+31389, +316;8, +31475, +313:9, +316:7, +31449,

KuL7 KuU Kua� Ku( Ku� Ku8
31493 31486 313<6 3149< 31454 314::

+31347 +31346, +31346, +31346, +31347� +31346�
KgL7 KgU Kga� Kg( Kg� Kg8

317;: 318:7 31;84 31949 31637 31784

+31394, +3138;, +3138;, +3138;, +31399, +31395,

K�L7 K�U K�a� K�( K�� K�8

3133< 3135; 31367 03135: 31399 03133<

+31348, +31347, +31347, +31347, +31348, +31348,

KuA KgA K�| K| Kt t K||
031336 031337 313339 031335 3133; 7-433e

+313339, +31335, +313339, +313338, +3133;, +6-433e,

>L7 >U >a� >( >� >8
41589 41599 41589 4159< 41585 4157:

+3135:, +3135:, +31358, +31359, +3135:, +31359,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<8 31;97 31;<; 31<:4 31<<5

G1Z1 31;;4 316:7 316:: 318<4 31:7:

Rev1 43: 43: 43: 43: 43:

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Wdeoh D1<= Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<,

ruu rgg rug Kuu Kgg K��

03166< 031348 31557 3168< 3154: 317;3

+313:4, +31673, +31479, +313::, +31596, +313<<,

KuL7 KuU Kua� Ku( Ku� Ku8
0 313<6 313<7 3144; 31446 3147:

0 +3134;, +3134;, +3134;, +3134;� +3134;�
KgL7 KgU Kga� Kg( Kg� Kg8

0 31599 3155: 313<6 031347 31473

0 +31377, +3137:, +3137;, +31378, +31379,

K�L7 K�U K�a� K�( K�� K�8

0 3138; 31355 31354 031358 3137;

0 +31347, +31348, +31348, +31347, +31347,

KuA KgA K�| K| Kt t K||
031334 031334 31334 031334 031367 313335

+31334, +31335, +31334, +31334, +31343, +3133,

>L7 >U >a� >( >� >8
0 41657 41656 41579 4159: 41694

0 +31365, +31364, +3135<, +31364, +31365,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<3 31:7; 31;86 31<:7 31<9;

G1Z1 31797 315:9 31547 3177: 31634

Rev1 ;< ;< ;< ;< ;<

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

497



Wdeoh D143= Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066,

ruu rgg rug Kuu Kgg K��

3177< 517:; 031<67 031373 5144 0313:5

+313<:, +31799, +313;, +313<<, +31687, +31439,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31469 3148< 31479 313<; 314<<

0 +313465, +31348, +31346, +31346, +31347�
KgL7 KgU Kga� Kg( Kg� Kg8

0 315;3 31463 31666 03146< 314:<

0 +3136<, +31375, +3136<, +31374, +31374,

KgL7 K�L7 K�a� K�( K�� K�8

0 31379 3139: 3133< 31489 31349

0 +3137<, +3133<, +31343, +31343, +31343,

KuA KgA K�| K| Kt t K||
031348 31349 31336 31337 031388 5-433D

+31334, +31336, +31334, +31333<, +3133;, +9-433D,

>L7 >U >a� >( >� >8
0 41896 41:39 41974 41958 41879

01 +3137:, +31379, +3137<, +31383, +31377,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<8 31;67 31<69 31<64 31<:9

G1Z1 31945 3186; 315;9 31:66 316<<

Rev1 ;< ;< ;< ;< ;<

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

498



Wdeoh D144= Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068,

ruu rgg rug Kuu Kgg K��

0314845 31799 313:5 31579 3169< 31764

+31393, +3194;, +314:;, +313;5, +317;3, +314<5,

KuL7 KuU Kua� Ku( Ku� Ku8
314:4 31479 31454 31447 31398 313;<

+31346, +31345, +31346, +31346, +31345� +31346�
KgL7 KgU Kga� Kg( Kg� Kg8

31575 317:; 31758 316:6 31478 3159;

+31379, +31379, +31387, +3137;, +31376, +31359,

K�L7 K�U K�a� K�( K�� K�8

03138< 031348 031344 031364 3135< 31369

+31345, +31344, +31345, +31345, +31344, +31345,

KuA KgA K�| K| Kt t K||
031337 31344 31335 31333: 031356 9-433D

+31333;, +31335, +31334, +313339, +3133:, +7-433D,

>L7 >U >a� >( >� >8
41544 4157; 41596 41596 41596 41563

+31354, +31355, +31355, +31355, +31355, +31355,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<: 31;:: 31<37 31<;< 31<;7

G1Z1 31;8; 316:8 316<< 318;; 31657

Rev1 43: 43: 43: 43: 43:

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Wdeoh D145= Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:,

ruu rgg rug Kuu Kgg K��

03193; 031963 31883 317<7 031665 31998

+31399, +31645, +3146:, +31398, +31559, +313:4,

KuL7 KuU Kua� Ku( Ku� Ku8
0 3139: 0 313:7 31495 313<9

0 +31348, 0 +31347, +31348, +31347�
KgL7 KgU Kga� Kg( Kg� Kg8

0 316:7 0 31535 313:< 316<9

0 +31366, 0 +31365, +3135;, +31364,

K�L7 K�U K�a� K�( K�� K�8

0 031349 0 031375 031457 031463

0 +31348, 0 +31348, +31348, +31348,

KuA KgA K�| K| Kt t K||
31337 31334 31335 031335 031353 0313336

+31333;, +31334, +31333;, +313337, +3133;, +7-433D,

>L7 >U >a� >( >� >8
0 4146< 0 4143: 41437 413:<

0 +31359, 0 +31358, +31358, +31357,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<<7 31<45 31<;7 31<;5 31<<3

G1Z1 31994 318<8 31973 31<74 31;9<

Rev1 :3 :3 :3 :3 :3

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

49:



D15 Uhvxowv ri wkh Huuru Fruuhfwlrq Irup

Dv rxwolqhg lq wkh suhylrxv vhfwlrq/ wkh phdqlqj ri prvw sdudphwhuv lv ghvfulehg lq

vhfwlrq 615151 Wkh ��r ghqrwh wkh huuru fruuhfwlrq whupv iru � ' �cuc�cgc tc zkhuh �

vwdqgv iru wkh frvw ixqfwlrq/ u iru oderu/ g iru fdslwdo/ � iru pdwhuldo lqsxwv dqg t iru

wkh sulfh htxdwlrq1 Wkh @�v ghqrwh sdudphwhuv iru odjjhg gl�huhqfhv ri rswlpdo frvwv/

idfwru ghpdqgv dqg sulfhv uhvshfwlyho|/ zkloh S�r duh sdudphwhuv iru odjjhg gl�huhqfhv

ri wkhlu dfwxdo frxqwhusduwv1 Qxpehuv iroorzlqj @ ru S lqglfdwh krz pdq| wlphv wkh

gl�huhqfh lv odjjhg1 �w1vwdw1� ghqrwhv wkh w0vwdwlvwlf ri wkh huuru fruuhfwlrq whup iru hdfk

htxdwlrq hqwhulqj wkh frvw ixqfwlrq dqg idfwru ghpdqg v|vwhp dqg �Rev1� ghqrwhv wkh

qxpehu ri revhuydwlrqv1

49;



Wdeoh D146= Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049,

ruu rgg rug Kuu Kgg K��

031479 04134: 315<9 315;7 031459 31573

+31387, +316:3, +31464, +313;:, +3167;, +31445,

KuL7 KuU Kua� Ku( Ku� Ku8
31354 31394 313;8 31335 31374 31394

+31354, +31354, +31354, +31354, +31354� +31355�
KgL7 KgU Kga� Kg( Kg� Kg8

031689 031489 031396 03157< 0316<7 031448

+314:3, +31497, +3148:, +314:7, +31498, +31495,

K�L7 K�U K�a� K�( K�� K�8

31396 313;5 03137: 31464 31355 0313336

+31363, +31365, +31364, +31363, +31363, +:-433D,

Ku| Kg| K�| K| Kt t K||
31334 31333< 3133< 0313335 03139: 4-433S

+31333:, +31336, +31335, +31334, +31348, +9-433.,

>L7 >U >a� >( >� >8
415;5 41636 415:< 415;8 41593 415:5

+313:3, +313:5, +313:3, +313:4, +313:<, +313:3,

@�� @�u @�g @�� @�t @��
31<:9 31:6< 313:5 41484 31<<5 41484

+31348, +31464, +31368, +31385, +313:4, +31385,

@2u S�u S�g S�t S2g S2t
03148< 313;8 31;<< 31398 031736 313:6

+3138;, +31373, +313;9, +31369, +313;:, +31368,

�� �u �g �� �t
0313:: 031454 031365 031459 031544

+31353, +31353, +3133<, +31353, +3136<,

Frvw Oderu= Fdslwdo Pdwhuldo Sulfh

U2 31;:8 3175< 31;33 31:3; 31;;3

G1Z1 516;5 41;77 419;9 51657 41<44

w1vwdw1 061::8 081<36 061865 091735 081736

Rev1 <6 <6 <6 <6 <6

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

49<



Wdeoh D147= Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<,

ruu rgg rug Kuu Kgg K��

031495 031494 313;: 31634 31547 31999

+3139;, +31598, +31456, +313:3, +31575, +313;4,

KuL7 KuU Kua� Ku( Ku� Ku8
3144< 313<< 0 3137: 31478 3143<

+3134<, +3134<, 0 +3134;, +3134<� +3134;�
KgL7 KgU Kga� Kg( Kg� Kg8

31338 3149: 0 31446 031383 31368

+31444, +31438, 0 +31453, +31439, +31438,

K�L7 K�U K�a� K�( K�� K�8

31347 31374 0 31395 03133; 31353

+31359, +31359, 0 +31356, +31358, +31357,

Ku| Kg| K�| K| Kt t K||
03133: 031334 31333: 031335 031334 8-433D

+31334, +31335, +31335, +31334, +3133;, +:-433D,

>L7 >U >a� >( >� >8
414<3 41548 0 414;; 41543 414;5

+31364, +3136;, 0 +31363, +31364, +31363,

@�� @�u @�g @�� @�t @2�
31<6< 31;7< 3143; 41348 31;77 031498

+31343, +31373, +31376, +31363, +3137;, +31379,

@2u @2g @2� S�� S�u S�g
3133; 313:6 031547 31544 314:9 318:<

+31388, +31375, +3137<, +3137:, +313:9, +31397,

S�� S�t �� �u �g ��
314<3 31563 0313;3 031494 031378 03143<

+31378, +31375, +31355, +31354, +31344, +31354,

��
031473

+31376,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:9 31::4 31;5< 31<7< 31<68

G1Z1 515:: 514;3 41983 41;;3 516<8

w10vwdw 06196< 0:1855 07143: 08154; 0615:3

Rev1 ;5 ;5 ;5 ;5 ;5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:3



Wdeoh D148= Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53,

ruu rgg rug Kuu Kgg K��

03135; 031763 313<8 31376 3169; 31:34

+31353, +31683, +313;6, +3135;, +31655, +31463,

KuL7 KuU Kua� Ku( Ku� Ku8
0 314;8 0 314:3 314<7 0

0 +31363, 0 +31356, +31357� 0

KgL7 KgU Kga� Kg( Kg� Kg8

0 3157< 0 031346 03139; 0

0 +314<;, 0 +3136:, +31374, 0

K�L7 K�U K�a� K�( K�� K�8

0 031369 0 031385 313336 0

0 +31375, 0 +31376, +3136;, 0

Ku| Kg| K�| K| Kt t K||
08-433D 03133; 31338 313338 031339 05-433.

+6-433e, +31338, +31334, +31334, +3133<, +4-433D,

>L7 >U >a� >( >� >8
0 41756 0 41643 416<6 0

0 +313:9, 0 +313:3, +313:7, 0

@�� @�u @�g @�� @�� @�t
414;5 461<:5 31383 41488 41555 41794

+31388, +481753, +31367, +3138;, +31468, +31499,

@2g S�� S�u S�g S�t ��
31435 313:4 315;< 319;6 315<4 031448

+31377, +31345, +31383, +313<5, +3139:, +31365,

�u �g �� �t
0313:7 031393 031448 031888

+3134<, +31355, +31363, +313<6,

Frvw Oderu Pdwhuldo Fdslwdo Sulfh

U2 31<97 31;:4 31<7; 31:33 31;33

w10vwdw1 06195; 061<49 061:<: 0519:7 081<9:

G1Z1 51537 516<8 51339 419;< 51353

Rev1 7; 7; 7; 7; 7;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:4



Wdeoh D149= Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055,

ruu rgg rug Kuu Kgg K��

031346 031369 03133< 3146; 0313<4 31:37

+31363, +31489, +31397, +31383, +3144;, +31394,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31467 0 3144: 3144; 31494

0 +31363, 0 +31364, +3135<, +31366,

KgL7 KgU Kga� Kg( Kg� Kg8

0 31467 0 31656 31636 31483

0 +313;<, 0 +313;9, +313;4, +313;6,

K�L7 K�U K�a� K�( K�� K�8

0 031437 0 03147< 031544 031469

0 +31374, 0 +3136;, +3136:, +3136<,

Ku| Kg| K�| K| Kt t K||
31335 31354 31343 31335 03139: 0313337

+31335, +31336, +31335, +31335, +31347, +4-433e,

>L7 >U >a� >( >� >8
0 416<5 0 416:9 41549 4169<

0 +313:4, 0 +3139<, +31395, +3139<,

@�� @�u @�g @�� @�t @2�
41399 31;33 318:< 413<; 416<: 03144:

+31366, +31566, +31754, +31398, +313<7, +313:5,

@2u @2g @2t S�� S�u S�g
3189: 4166; 031<55 314:8 314;4 31<94

+31574, +31957, +3149;, +31398, +313:;, +313<<,

S�t S2g �� �g �u ��
31:93 0315;4 031445 031458 0314<9 031487

+3144;, +31454, +31359, +31374, +3137:, +3136:,

�t
03196;

+313<9,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<;3 31:63 31;36 31<3: 31<65

G1Z1 51378 417<; 5173: 51349 5183<

w1vwdw1 07164: 0714<8 061399 0714;; 091949

Rev1 8; 8; 8; 8; 8;

+Vwdqgdug Ghyldwlrqv lq Sduhqwkhvhv,

4:5



Wdeoh D14:= Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57,

ruu rgg rug Kuu Kgg K��

031385 0313<: 31379 31397 03134< 31:6<

+3134:, +313:;, +31364, +31357, +313:<, +3136;,

KuL7 KuU Kua� Ku( Ku� Ku8
314;< 3149: 0 314<4 3146< 0

+3134:, +3134:, 0 +3134:, +31349� 0

KgL7 KgU Kga� Kg( Kg� Kg8

3187< 31958 0 318;4 3193: 0

+31366, +31368, 0 +31365, +31366, 0

K�L7 K�U K�a� K�( K�� K�8

031464 03137: 0 03138: 03143< 0

+31357, +31355, 0 +31355, +31357, 0

Ku| Kg| K�| K| Kt t K||
31333: 31345 31339 031336 0313339 0313336

+31334, +31336, +31335, +31334, +31349, +313334,

>L7 >U >a� >( >� >8
41575 4158: 0 41596 4156< 0

+31359, +31368, 0 +31367, +31368, 0

@�� @�u @�g @�� @�t @2�
41334 31:98 516;8 41338 41475 0317:4

+31344, +3146;, +319;3, +31347, +31396, +31386,

@2� @2u @2� @2t S�� S�u
0317:3 3169: 031784 0314:8 317;< 31686

+31386, +314:4, +31386, +31456, +31385, +31387,

S�g S�� S�t S2u S2g ��
31:4: 31773 314;9 0313<3 031479 0314;6

+313;8, +3137;, +31438, +3136:, +313;:, +31359,

�u �g �� �t
031488 0314:7 031535 0316:3

+31367, +31376, +31357, +313;5,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<69 3174< 31:58 31;;8 31;9;

G1Z1 51838 41:56 41:36 5173: 41<<3

w1vwdw1 091<67 071959 071388 0;174; 071863

Rev1 93 93 93 93 93

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:6



Wdeoh D14;= Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58,

ruu rgg rug Kuu Kgg K��

03153< 031<7; 31747 31743 0317:< 3198;

E313;4, +316:7, +31494, +313;6, +31635, +313<7,

KuL7 KuU Kua� Ku( Ku� Ku8
31433 31358 0 313:8 313;: 0

+3134:, +3134:, 0 +3134:, +3134:� 0

KgL7 KgU Kga� Kg( Kg� Kg8

313<; 315<< 0 31568 31463 0

+313:5, +313:4, 0 +313:5, +3139<, 0

K�L7 K�U K�a� K�( K�� K�8

31445 31433 0 31378 31377 0

+31358, +31357, 0 +31358, +31358, 0

Ku| Kg| K�| K| Kt t K||
313338 31339 31346 031334 31335 0313337

+31335, +31338, +31646, +31336, +31343, +313334,

>L7 >U >a� >( >� >8
413<< 4149: 0 414;4 414:7 0

+31435, +313;7, 0 +313:;, +313;3, 0

@�� @�u @�g @�� @�t @2�
31<<: 31::8 031348 414:8 031436 0314:8

+31346, +31396, +31387, +31368, +3135;, +3137;,

@2� @2t S�� S�u S�g S��
0315<4 31583 f��HD 314;< 31849 314<8

+31397, +31384, +3137:, +31373, +3139<, +31377,

�� �u �g �� �t
031566 031684 031497 03156< 031436

+31369, +31379, +31364, +31366, +3135;,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<88 31:5; 319<6 31;;< 31<34

G1Z1 51498 41<4< 41:5< 513<5 41;;9

w1vwdw1 09187: 0:19:5 08156< 0:15<: 06196;

Rev1 97 97 97 97 97

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:7



Wdeoh D14<= Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59,

ruu rgg rug Kuu Kgg K��

031565 041393 316<; 316<: 0316:< 3196:

+313<8, +315<8, +31487, +313;9, +31644, +313;3,

KuL7 KuU Kua� Ku( Ku� Ku8
31475 31433 0 3139< 31436 3143<

+3134;, +31353, 0 +31353, +3134<� +31353�
KgL7 KgU Kga� Kg( Kg� Kg8

31365 31573 0 31555 031345 31367

+31468, +3145;, 0 +31464, +31473, +31463,

K�L7 K�U K�a� K�( K�� K�8

31398 3149: 0 3143: 31395 313<;

+31373, +3136;, 0 +31366, +31366, +3135<,

Ku| Kg| K�| K| Kt t K||
031339 031335 313337 31336 31353 6-433D

+31334, +31336, +31334, +31334, +3133<, +:-433D,

>L7 >U >a� >( >� >8
418:: 4197< 0 418:5 41888 41895

+313:9, +313;7, 0 +313::, +313:9, +313::,

@�� @�u @�g @�� @�t @2u
41396 31;6: 31386 416<< 31;87 3145:

+31383, +3139;, +31366, +3144<, +313<3, +31359,

S�� S�g S�t S2g S2t ��
3137; 318<8 31777 03143; 03155: 03137<

+3133;, +313:6, +31399, +313:9, +31394, +31353,

�u �g �� �t
0314:4 03144; 031395 03155<

+31355, +31356, +31353, +3137;,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<37 31:8: 31998 31;<; 31;78

G1Z1 5157; 41:;3 41;45 516<; 41938

w1vwdw1 05177; 0:1:;< 08143; 061498 071:<;

Rev1 :: :: :: :: ::

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:8



Wdeoh D153= Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;,

ruu rgg rug Kuu Kgg K��

0313;< 031788 31494 31553 31549 31:36

+31393, +3163:, +3145:, +313;3, +31668, +313<4,

KuL7 KuU Kua� Ku( Ku� Ku8
314:3 31477 31445 3149; 31469 31469

+31357, +31357, +31358, +31357, +31358� +31358�
KgL7 KgU Kga� Kg( Kg� Kg8

3138: 313;6 31886 31437 031385 31367

+31494, +31497, +3149<, +31499, +31494, +31499,

K�L7 K�U K�a� K�( K�� K�8

31355 3138< 31377 31348 31396 31339

+31357, +31357, +31356, +31357, +31358, +31357,

Ku| Kg| K�| K| Kt t K||
031336 031338 31333; 031334 31345 4-433S

+31334, +31336, +313334, +31334, +3133;, +4-433D,

>L7 >U >a� >( >� >8
41585 41597 415:7 4115;7 41575 414;:

+31373, +31374, +31373, +31374, +31373, +31386,

@�� @�u @�g @�� @�t @2�
41348 31;73 031335 41538 414;: 031568

+3134;, +31466, +31359, +31377, +31386, +3137<,

@2u @2g @2� @2t S�� S�u
315:9 31394 03165< 03137< 31579 314<;

+313<:, +31366, +31394, +3135;, +3137:, +31378,

S�g S�� S�t S2g S2t �S
31;:5 31538 31673 031677 03137< 031468

+313;3, +3137:, +313;;, +313::, +3135;, +3135;,

�u �g �� �t
031489 031379 0313;; 031777

+31357, +31334, +31356, +313:7,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:6 31:9: 31;48 31<6; 31<8:

G1Z1 5164; 4198: 418;6 517<9 41<49

w1vwdw1 071;<9 0918;6 071:46 061;:7 081<<4

Rev1 <5 <5 <5 <5 <5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:9



Wdeoh D154= Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<,

ruu rgg rug Kuu Kgg K��

0315:5 031<4; 3177< 317;: 031376 319<3

+313;6, +3159:, +31477, +313;7, +31578, +31399,

KuL7 KuU Kua� Ku( Ku� Ku8
0 313<3 31456 3143< 31463 3144:

0 +3135:, +31359, +31358, +3135;� +31359�
KgL7 KgU Kga� Kg( Kg� Kg8

0 0313:5 03133: 031735 031633 031544

0 +31438, +31436, +3144;, +31435, +3143;,

K�L7 K�U K�a� K�( K�� K�8

0 31485 31369 31384 31385 313<4

0 +31367, +31363, +3135<, +3135;, +31356,

Ku| Kg| K�| K| Kt t K||
03133< 031345 031336 31335 313336 313336

+31335, +31336, +31335, +31336, +3133:, +3133;,

>L7 >U >a� >( >� >8
0 417:< 41 677 4176< 41793 41699

0 +314<4, +313<;, +314;7, +3153<, +313<<,

@�� @�u @�g @�� @�t @2�
31<:6 31:98 31379 414;4 31;95 031594

+31354, +31394, +31347, +31383, +313;5, +31367,

@2� S�� S�u S�g S�t S2g
03168< 315<< 3159: 3193< 31559 031483

+31389, +31367, +31363, +31433, +3138<, +313;;,

�S �u �g �� �t
0313:; 031435 031387 0313<8 031383

+31349, +31348, +31343, +31349, +31367,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<97 31;6: 31;54 31<88 31;63

G1Z1 513;4 41<4< 41894 515:8 41<;3

w1vwdw1 071<68 091;93 081647 081<86 041795

Rev1 :; :; :; :; :;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4::



Wdeoh D155= Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066,

ruu rgg rug Kuu Kgg K��

031385 03137< 31374 31653 31467 31;:6

+31374, +31494, +313:5, +31383, +31457, +31387,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31476 3146; 31483 313<9 314:7

0 +31353, +31353, +31353, +31353, +31354,

KgL7 KgU Kga� Kg( Kg� Kg8

0 317:7 31657 31837 31446 3163<

0 +313:9, +313:7, +3139<, +31394, +313:3,

K�L7 K�U K�a� K�( K�� K�8

0 031484 031463 0314:8 031373 0314<3

0 +31357, +31354, +31356, +31355, +31353,

Ku| Kg| K�| K| Kt t K||
031347 03133; 031348 3133: 031365 313338

+31335, +31336, +31336, +31336, +31345, +313334,

>L7 >U >a� >( >� >8
0 4167: 4153< 41683 416;5 41573

0 +31384, +3136:, +31377, +31383, +31373,

@�� @�u @�� @�t @2� @2u
31<:; 31<55 41335 319<< 0316:5 031464

+31349, +313:7, +31359, +31393, +3137<, +313:7,

@2g @2� @2t S�� S�u S�g
31988 0316:; 03149< 316:6 3166; 31;57

+31758, +31388, +313;6, +31383, +3137:, +313;8,

S�� S�t S2u S2g S2t ��
31667 3165: 31379 031437 03149; 031454

+31388, +313<6, +3134:, +313:;, +3138;, +31353,

�u �g �� �t
0314;3 03135< 031444 0314;7

+31356, +3133<, +31354, +31364,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<6; 31:75 31;36 31<65 31<44

G1Z1 41978 41:;9 419;7 41:<: 41<77

w1vwdw1 �91377 0:1:4; 061477 081538 081<<6

Rev1 :9 :9 :9 :9 :9

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4:;



Wdeoh D156= Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068,

ruu rgg rug Kuu Kgg K��

031485 031:33 31585 315<< 031495 31;77

+31397, +31736, +31736, +313;4, +31656, +3144;,

KuL7 KuU Kua� Ku( Ku� Ku8
3149: 31446 3145: 31443 31393 3138;

+31354, +3134<, +31353, +31353, +31354� +3134<�
KgL7 KgU Kga� Kg( Kg� Kg8

031374 31656 316;5 3156: 31339 313:6

+31436, +313<8, +31437, +313<:, +313<6, +313<<,

K�L7 K�U K�a� K�( K�� K�8

031343 31388 31379 31358 3139; 313;<

+31358, +31358, +31358, +31358, +31355, +31355,

Ku| Kg| K�| K| Kt t K||
031339 31335 031337 313338 031346 31336

+31334, +31336, +31335, +31334, +3133:, +31334,

>L7 >U >a� >( >� >8
41566 415;3 41587 415:8 41579 4156<

+3136;, +31377, +31368, +3136;, +31373, +3136;,

@�� @�u @�g @�� @�t @2u
31<;7 319;6 31344 41457 31;33 31463

+3134:, +313;7, +31359, +31365, +31397, +31383,

@2t S�u S�g S�� S�t S2g
0314;3 31386 319:8 031349 31676 03158;

+313<:, +3135<, +313;4, +3133:, +313;4, +313:3,

�� �u �g �� �t
03143< 03146: 031386 031466 031495

+31354, +31354, +31345, +31354, +31374,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<8: 31:4< 319;; 31<89 31;86

G1Z1 51456 41989 41::< 51548 514:6

w1vwdw1 081446 09158; 071688 09158; 061<5;

Rev1 <7 <7 <7 <7 <7

+Vwdqgdug Huuruv ri Sduhqwkhvhv,

4:<



Wdeoh D157= Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:,

ruu rgg rug Kuu Kgg K��

031489 031456 31366 314<3 3136< 3196<

+3139;, +31644, +3145<, +31398, +3155:, +313;7,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31398 0 313:3 314;3 31447

0 +3134<, 0 +3134;, +3134;, +3134<�
KgL7 KgU Kga� Kg( Kg� Kg8

0 31637 0 3145: 3133; 31633

0 +3138<, 0 +31394, +31388, +31394,

K�L7 K�U K�a� K�( K�� K�8

0 31344 0 031363 031443 031456

0 +31358, 0 +31358, +31357, +31356,

Ku| Kg| K�| K| Kt t K||
31339 31346 3134; 031333: 031355 031333<

+31349, +31336, +31335, +31335, +31347, +31334,

>L7 >U >a� >( >� >8
0 41578 0 414<< 41587 4149:

0 +31386, 0 +31376, +31396, +3136;,

@�� @�u @�g @�� @�t @2�
31<8< 31;<: 313;8 41348 31;6< 031468

+31343, +31376, +31399, +3134;, +31397, +31366,

@2g @2� @2t S�� S�u S��
31553 031484 031658 314;3 31489 31496

+31443, +31373, +31434, +31369, +3135<, +31367,

S�t �S �u �g �� �t
31689 0315:8 0315:6 0313<: 0315<5 031476

+31437, +3135<, +31359, +31353, +31359, +31395,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<86 31:6; 31:3: 31<44 31:6;

G1Z1 41;56 41:4; 41:6; 41<86 41:4;

w1vwdw1 0<17;< 0431793 071:76 0441544 �515<:

Rev1 95 95 95 95 95

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;3



D16 Uhvxowv zlwk Vlpsoh Wuhqg Whup Vshfl�fdwlrq

Wdeoh D158= Hvwlpdwlrq Uhvxowv iru wkh Irrg dqg Ehyhudjhv Lqgxvwu| +48049,

ruu rgg rug Kuu Kgg K�� KuL7
031489 031<46 315<4 315<4 031639 31<;8 31348

+31379, +3166;, +31448, +313;4, +31687, +31446, +31355,

KuU Kua� Ku( Ku� Ku8 KgL7 KgU

3138< 313:; 031337 31369 31387 031457 31394

+31356, +31355, +31356, +31355� +31356� +31465, +31465,

Kga� Kg( Kg� Kg8 K�L7 K�U K�a�

3145< 031344 03149: 31434 3133: 3135< 03143:

+31468, +31468, +31463, +31468, +3135<, +31363, +31363,

K�( K�� K�8 K| Kt t >L7 >U
313:5 031366 03137 31335 031375 4158; 415:<

+3135<, +3135<, +31363, +31334, +3134;, +313:8, +313:;,

>a� >( >� >8 @�� @�u @�g
41573 4156: 41587 41578 31<95 31:55 313;<

+313:5, +313:3, +313:9, +313:6, +31345, +31444, +3137:,

@�� @�t @�� @2u S�u S�g S�t
413:7 31;:; 413:7 031498 313<: 31;:7 313:4

+31358, +31389, +31358, +3138:, +31375, +313;7, +3136:,

S2g S2t �� �u �g �� �t
0316:4 3135; 0313<8 031455 03136< 031479 03144;

+313;8, +31368, +31354, +31355, +31343, +31355, +31359,

Frvw Oderu= Fdslwdo Pdwhuldo Sulfh

U2 31;:9 31747 31:<8 31:4: 31;:4

G1Z1 51674 41:<6 41949 51653 51363

w1vwdw1 07174; 081788 061<43 091873 0718:4

Rev1 <6 <6 <6 <6 <6

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;4



Wdeoh D159= Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<,

ruu rgg rug Kuu Kgg K��

0314:; 031473 313:4 315:9 314<9 31:36

+3137<, +31576, +313<7, +31386, +31565, +313;4,

KuL7 KuU Kua� Ku( Ku� Ku8
31457 31434 0 3137< 3147< 31443

+3134<, +3134;, 0 +3134:, +3134:� +31349�
KgL7 KgU Kga� Kg( Kg� Kg8

31365 314<6 0 31473 031357 31393

+31439, +31434, 0 +31448, +31436, +31434,

K�L7 K�U K�a� K�( K�� K�8

031335 31359 0 3137; 031358 31337

+31358, +31358, 0 +31355, +31357, +31356,

Ku| Kg| K�| K| Kt t K||
031338 0 0 031335 03134: 0

+31334, 0 0 +31334, +3133;, 0

>L7 >U >a� >( >� >8
4153: 4156< 0 414<< 4154< 414;8

+3135:, +3135<, 0 +31359, +3135;, +3135:,

@�� @�u @�g @�� @�t @2�
31<66 31;:9 31449 31<;; 31;3; 03149:

+31343, +3136:, +3137<, +31358, +31377, +31379,

@2u @2g @2� S�� S�u S�g
031343 313;4 03153: 3154: 314:: 31899

+31388, +3137<, +3137:, +3137:, +31379, +31397,

S�� S�t �� �u �g ��
314<9 314;< 0313:: 031496 03137: 03143;

+31378, +31373, +31355, +31353, +31344, +31354,

��
0313::

+31355,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:9 31::4 31;5< 31<7< 31<68

G1Z1 515:: 514;3 41983 41;;3 516<8

w10vwdw 0617;: 0:1<;9 071634 081538 0716:6

Rev1 ;5 ;5 ;5 ;5 ;5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;5



Wdeoh D15:= Hvwlpdwlrq Uhvxowv iru wkh Zrrg Lqgxvwu| +53,

ruu rgg rug Kuu Kgg K��

031367 03187< 3144< 31387 3159; 31:89

+31353, +3169;, +313<3, +3135;, +31655, +31464,

KuL7 KuU Kua� Ku( Ku� Ku8
0 314<3 0 314:8 31533 0

0 +3135:, 0 +31354, +31355� 0

KgL7 KgU Kga� Kg( Kg� Kg8

0 315;7 0 031567 0313;5 0

0 +314;<, 0 +31493, +314:4, 0

K�L7 K�U K�a� K�( K�� K�8

0 031379 0 031358 313;6 0

0 +31374, 0 +31369, +3136<, 0

Ku| Kg| K�| K| Kt t K||
0 03133; 31338 0 031343 0

0 +31337, +31334, 0 +31343, 0

>L7 >U >a� >( >� >8
0 416<; 0 415;8 41699 0

0 +313:8, 0 +3139<, +313:5, 0

@�� @�u @�g @�� @�t @�g
4149: 43194< 31389 41435 4175< 31389

+31388, +431554, +31369, +313;7, +31493, +31369,

@2g S�� S�u S�g S�t ��
31434 313:4 315;; 319<< 315<9 03144;

+31377, +31345, +3137;, +313<7, +3139:, +31365,

�u �g �� �t
0313:7 0313:4 03143; 031883

+3134<, +31357, +3135;, +313<6,

Frvw Oderu Pdwhuldo Fdslwdo Sulfh

U2 31<97 31;:4 31<7; 31:33 31:<<

w10vwdw1 06195; 061;;5 061;;3 051<;< 081<5<

G1Z1 514:7 51747 41<<6 41:8; 51373

Rev1 7; 7; 7; 7; 7;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;6



Wdeoh D15;= Hvwlpdwlrq Uhvxowv iru wkh Sdshu dqg Sxeolvklqj Lqgxvwu| +54055,

ruu rgg rug Kuu Kgg K��

031343 031376 3133: 31573 03134; 3195;

+3134;, +313;6, +31363, +3137;, +313;9, +31389,

KuL7 KuU Kua� Ku( Ku� Ku8
0 313;9 0 31396 313;5 31435

0 +3136:, 0 +3136<, +31369, +31374,

KgL7 KgU Kga� Kg( Kg� Kg8

0 313<9 0 315<9 3159: 31448

0 +3144:, 0 +31443, +31444, +31444,

K�L7 K�U K�a� K�( K�� K�8

0 03134: 0 031397 031457 031388

0 +31375, 0 +3136<, +3136:, +31373,

Ku| Kg| K�| K| Kt t K||
031337 3133; 31338 0 03138; 0

+31334, +31338, +31334, 0 +31346, 0

>L7 >U >a� >( >� >8
0 41748 0 4173: 41564 41736

0 +313:<, 0 +313:<, +3139<, +313:<,

@�� @�u @�g @�� @�t @2�
4143< 318:5 41798 4157: 41855 031495

+3137:, +31485, +4183<, +313<:, +31448, +313:;,

@2u @2g @2t S�� S�u S�g
31655 61538 031<95 31535 31486 41336

+3145<, +61558, +314;8, +3139;, +313:5, +31435,

S�t S2g �� �g �u ��
31:46 0315:6 031387 031447 031439 031448

+31447, +31453, +31355, +31369, +31369, +3136<,

�t
0318:4

+313;8,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:; 319<9 31:<8 31<44 31<57

G1Z1 513;5 41744 51844 51437 516;5

w1vwdw1 05177; 051<86 061476 051<8< 091:36

Rev1 8; 8; 8; 8; 8;

+Vwdqgdug Ghyldwlrqv lq Sduhqwkhvhv,

4;7



Wdeoh D15<= Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57,

ruu rgg rug Kuu Kgg K��

03137< 031393 31368 313;7 031497 319::

+3134;, +313;5, +31367, +31363, +313;3, +31366,

KuL7 KuU Kua� Ku( Ku� Ku8
31499 3147; 0 314:4 3144; 0

+3134<, +3134<, 0 +31353, +3134;, 0

KgL7 KgU Kga� Kg( Kg� Kg8

318;6 31998 0 31949 31975 0

+31365, +31365, 0 +31364, +31363, 0

K�L7 K�U K�a� K�( K�� K�8

0313<6 031349 0 031357 0313:3 0

+31357, +31355, 0 +31355, +31356, 0

Ku| Kg| K�| K| Kt t K||
031335 31337 0 0 31367 0

+31339, +31335, 0 0 +31346, 0

>L7 >U >a� >( >� >8
41586 415:: 0 415;3 41585 0

+31366, +31367, 0 +31366, +31367, 0

@�� @�u @�g @�� @�t @2�
41335 31976 51685 4135; 41476 0317;5

+31344, +3144<, +414<9, +3134:, +31398, +31386,

@2� @2u @2� @2t S�� S�u
0317;5 3156; 031796 031384 317<9 3169:

+31386, +31436, +31387, +3145:, +31385, +31386,

S�g S�� S�t S2u S2g ��
319<7 3176; 313:3 0313:< 03143; 0314::

+313;;, +3137<, +31439, +31367, +313;<, +31358,

�u �g �� �t
031487 0314<9 0314;6 031675

+31366, +31376, +31357, +313;4,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<66 31739 31:3< 31;;4 31;7<

G1Z1 516<5 4196: 41944 51693 41;:3

w1vwdw1 0:153: 071:53 071886 0:199< 07154;

Rev1 93 93 93 93 93

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;8



Wdeoh D163= Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58,

ruu rgg rug Kuu Kgg K��

031477 031:77 31635 3174< 03156< 31969

+313;4, +3169<, +31496, +313;6, +31658, +313;<,

KuL7 KuU Kua� Ku( Ku� Ku8
31398 031345 0 3136; 31386 0

+31348, +31349, 0 +31348, +31347, 0

KgL7 KgU Kga� Kg( Kg� Kg8

3138; 315:4 0 314<; 313;9 0

+31375, +31367, 0 +31375, +31376, 0

K�L7 K�U K�a� K�( K�� K�8

3146: 3144; 0 3139; 3139; 0

+31354, +31353, 0 +31354, +31353, 0

Ku| Kg| K�| K| Kt t K||
031338 0 31339 0 31335 0

+31334, 0 +31334, 0 +31343, 0

>L7 >U >a� >( >� >8
4137; 4147: 0 414;9 414;4 0

+31484, +313;:, 0 +313:;, +313;3, 0

@�� @�u @�g @�� @�t @2�
41335 319<3 031334 41576 41456 0314:;

+31347, +3137;, +31379, +31367, +31395, +31383,

@2� S�� S�u S�g S�� S�t
031669 314;: 314<6 31853 31544 31496

+3139;, +3137;, +31374, +313:3, +31378, +31376,

�� �u �g �� �t
031574 0316<5 03146< 031595 031397

+31367, +3137:, +3135:, +31365, +31376,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<85 31:59 319:; 31;;7 31;<6

G1Z1 51365 41:93 419<: 5135; 5139<

w1vwdw1 0:13:3 0;1689 0814;3 0;13;4 051334

Rev1 97 97 97 97 97

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;9



Wdeoh D164= Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv +59,

ruu rgg rug Kuu Kgg K��

0316<6 031<97 31836 3174< 0315<7 31935

+3139:, +315<7, +31458, +313:6, +31649, +313<8,

KuL7 KuU Kua� Ku( Ku� Ku8
31493 31454 0 313<3 31458 3145:

+3134;, +3134<, 0 +3134;, +3134;, +3134<,
KgL7 KgU Kga� Kg( Kg� Kg8

313:: 315<6 0 315;: 31373 313;7

+31468, +3145;, 0 +31464, +3146;, +31463,

K�L7 K�U K�a� K�( K�� K�8

3144: 31566 0 3148< 3144; 31473

+31373, +3136<, 0 +31369, +31369, +31365,

Ku| Kg| K�| K| Kt t K||
0 0 0 031336 31347 0

0 0 0 +31334, +3133<, 0

>L7 >U >a� >( >� >8
416:9 41733 0 416:: 416:5 41694

+31395, +3139:, 0 +3138<, +31394, +3138<,

@�� @�u @�g @�� @�t @2u
31<8< 31;97 31378 414:< 31;89 313<4

+31358, +3139:, +31367, +31385, +313;5, +3135:,

S�� S�g S�t S2g S2t ��
3136; 3189; 31844 03143: 03148; 0313;3

+3133;, +313:8, +313:4, +313:;, +31395, +31359,

�u �g �� �t
0314:< 031465 0313;4 03155<

+31357, +31358, +31357, +3137;,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<37 31:8: 31998 31;<; 31;78

G1Z1 5157; 41:;3 41;45 516<; 41938

w1vwdw1 061347 0:1849 08153< 061735 051:9;

Rev1 :: :: :: :: ::

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;:



Wdeoh D165= Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;,

ruu rgg rug Kuu Kgg K��

031435 0317;< 314;: 31575 3149; 319<3

+31396, +31649, +31465, +313;4, +31676, +313;<,

KuL7 KuU Kua� Ku( Ku� Ku8
3148< 31466 31435 3148: 31458 31498

+31355, +31355, +31356, +31355, +31356� +31356�
KgL7 KgU Kga� Kg( Kg� Kg8

313:5 313<: 31894 31454 03136< 3137;

+3148;, +31493, +31498, +31496, +3148;, +31496,

K�L7 K�U K�a� K�( K�� K�8

31359 31397 3137< 31354 3139: 31343

+31357, +31357, +31355, +31356, +31357, +31356,

Ku| Kg| K�| K| Kt t K||
031336 031338 31333< 0 31346 0

+31334, +31336, +313334, 0 +3133;, 0

>L7 >U >a� >( >� >8
41594 415:7 415;8 415<9 41573 41585

+3136:, +3136;, +31369, +3136:, +3136;, +3136;,

@�� @�u @�g @�� @�t @2�
4134; 31;39 031335 4154: 41534 031569

+31349, +31454, +31359, +31373, +31383, +3137<,

@2u @2g @2� @2t S�� S�u
31588 31397 031669 031674 31579 314<:

+313;<, +31367, +3138<, +31444, +3137:, +31378,

S�g S�� S�t S2g S2t �S
31;9; 3166: 31678 031676 03137< 031466

+313;3, +3138<, +313;:, +313:9, +3135:, +31359,

�u �g �� �t
031493 03137; 0313<: 031784

+31356, +31343, +31355, +313:5,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:6 31:9: 31;47 31<6; 31<8:

G1Z1 51646 41988 418:8 51834 41<49

w1vwdw1 08144< 091;:5 071:59 071756 091573

Rev1 <5 <5 <5 <5 <5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;;



Wdeoh D166= Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<,

ruu rgg rug Kuu Kgg K��

031646 0413;5 3185; 317<; 0314;; 31:33

+313;7, +31599, +31477, +313;7, +31579, +3139:,

KuL7 KuU Kua� Ku( Ku� Ku8
0 313;< 3145; 31444 3145; 3144;

0 +31355, +31355, +31354, +31356, +31355,
KgL7 KgU Kga� Kg( Kg� Kg8

0 031395 31347 0316;9 0315:: 0314<6

0 +31437, +31434, +3144:, +31434, +31439,

K�L7 K�U K�a� K�( K�� K�8

0 31489 31374 31393 31398 313<6

0 +3135<, +3135:, +31357, +31357, +31353,

Ku| Kg| K�| K| Kt t K||
031337 031343 031335 0 31335 0

+31335, +31336, +31334, 0 +3133;, 0

>L7 >U >a� >( >� >8
0 41739 41 59: 4169: 416;5 415;;

0 +31468, +31399, +31459, +31483, +313:7,

@�� @�u @�g @�� @�t @2�
31<:: 31:<3 3137< 414:9 31;8: 031577

+3134<, +31396, +31347, +3137;, +313;3, +31368,

@2� S�� S�u S�g S�t S2g
03165< 315;; 31584 318<6 3154; 031483

+3138:, +31369, +31364, +31434, +3138:, +313;<,

�S �u �g �� �t
0313:9 031433 031389 0313<6 031383

+31349, +31348, +31343, +31349, +31369,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<98 31;66 31;4< 31<88 31;58

G1Z1 51366 41<56 4187< 51596 41<84

w1vwdw1 071;47 091:6; 0815<9 081<69 04174:

Rev1 :; :; :; :; :;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4;<



Wdeoh D167= Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066,

ruu rgg rug Kuu Kgg K��

031385 03137< 31374 31653 31467 31;:6

+31374, +31494, +313:5, +31383, +31457, +31387,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31476 3146; 31483 313<9 314:7

0 +31353, +31353, +31353, +31353, +31354,

KgL7 KgU Kga� Kg( Kg� Kg8

0 317:7 31657 31837 31446 3163<

0 +313:9, +313:7, +3139<, +31394, +313:3,

K�L7 K�U K�a� K�( K�� K�8

0 031484 031463 0314:8 031373 0314<3

0 +31357, +31354, +31356, +31355, +31353,

Ku| Kg| K�| K| Kt t K||
031347 03133; 031348 3133: 031365 313338

+31335, +31336, +31336, +31336, +31345, +313334,

>L7 >U >a� >( >� >8
0 4167: 4153< 41683 416;5 41573

0 +31384, +3136:, +31377, +31383, +31373,

@�� @�u @�� @�t @2� @2u
31<:; 31<55 41335 319<< 0316:5 031464

+31349, +313:7, +31359, +31393, +3137<, +313:7,

@2g @2� @2t S�� S�u S�g
31988 0316:; 03149< 316:6 3166; 31;57

+31758, +31388, +313;6, +31383, +3137:, +313;8,

S�� S�t S2u S2g S2t ��
31667 3165: 31379 031437 03149; 031454

+31388, +313<6, +3134:, +313:;, +3138;, +31353,

�u �g �� �t
0314;3 03135< 031444 0314;7

+31356, +3133<, +31354, +31364,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<6; 31:75 31;36 31<65 31<44

G1Z1 41978 41:;9 419;7 41:<: 41<77

w1vwdw1 �91377 0:1:4; 061477 081538 081<<6

Rev1 :9 :9 :9 :9 :9

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<3



Wdeoh D168= Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068,

ruu rgg rug Kuu Kgg K��

03146: 0319:; 3155: 31599 031539 31;43

+31393, +316<3, +31468, +313:7, +31646, +3144:,

KuL7 KuU Kua� Ku( Ku� Ku8
3149< 31446 31458 3143< 3138< 31396

+31349, +31349, +31349, +31349, +31349, +31349,
KgL7 KgU Kga� Kg( Kg� Kg8

031343 31674 316;8 31594 3136< 31437

+313<8, +313<4, +313<9, +313<4, +313;:, +313<5,

K�L7 K�U K�a� K�( K�� K�8

03133< 31384 3137; 31347 31394 313;:

+31359, +31356, +31357, +31358, +31354, +31355,

Ku| Kg| K�| K| Kt t K||
031336 31338 031337 0 031346 0

+31334, +31336, +31334, 0 +3133:, 0

>L7 >U >a� >( >� >8
41558 41584 41589 41595 41566 41564

+31366, +3136<, +31364, +31366, +31369, +31366,

@�� @�u @�g @�� @�t @2u
31<<3 319;; 3133: 41457 31;37 31475

+31347, +313::, +3135;, +3135<, +31398, +31386,

@2t S�u S�g S�� S�t S2g
031485 31378 3199; 03134< 316;4 03158<

+313<<, +3135<, +313;5, +3133:, +313;6, +313:5,

�� �u �g �� �t
031453 031487 03138< 031464 031478

+31355, +31355, +31345, +31355, +31373,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<8; 31:4: 319;< 31<8; 31;85

G1Z1 515;7 41947 41:99 515;7 51596

w1vwdw1 081667 0:1436 071:74 081;<4 0618;<

Rev1 <7 <7 <7 <7 <7

+Vwdqgdug Huuruv ri Sduhqwkhvhv,

4<4



Wdeoh D169= Hvwlpdwlrq Uhvxowv iru Pdqxidfwxulqj Lqgxvwulhv Q1H1F1/ Uhf|folqj +6906:,

ruu rgg rug Kuu Kgg K��

0314:4 0313:9 31378 3155: 0313:5 31:69

+31369, +31433, +31377, +31365, +31434, +3137;,

KuL7 KuU Kua� Ku( Ku� Ku8
0 313;8 0 31397 314;3 313:<

0 +31355, 0 +31355, +3134;, +31353,
KgL7 KgU Kga� Kg( Kg� Kg8

0 316:< 0 31563 31568 31876

0 +3145<, 0 +31457, +313<:, +3143;,

K�L7 K�U K�a� K�( K�� K�8

0 31374 0 31364 031448 031498

0 +3135:, 0 +31364, +31359, +31356,

Ku| Kg| K�| K| Kt t K||
0 0 0 031335 031355 0

0 0 0 +31334, +31345, 0

>L7 >U >a� >( >� >8
0 41583 0 41545 4155: 41459

0 +31385, 0 +3137<, +31386, +31373,

@�� @�u @�g @�� @�t @2�
31<83 31;;8 03184; 31<7: 31;77 03146:

+3135:, +313:3, +31854, +31377, +31398, +31369,

@2g @2� @2t S�� S�u S��
041959 031479 03163< 314;: 31489 31496

+41856, +31376, +313<4, +3136<, +31367, +3136<,

S�t �S �u �g �� �t
316:4 03137: 031434 031353 03138: 031474

+313;8, +31348, +31347, +31334, +3134<, +31388,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<6: 31:44 319<9 31;;< 31::9

G1Z1 41:43 418:3 41;<; 5149; 41;;<

w1vwdw1 061345 0:1337 05154< 06134< �5187;

Rev1 95 95 95 95 95

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<5



D17 Uhvxowv zlwk U)G

Wdeoh D16:= Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;,

ruu rgg rug Kuu Kgg K�� KuL7
031443 031879 3153< 3159: 314;: 319<< 31485

+31397, +31654, +31468, +313;7, +3167<, +313;<, +31356,

KuU Kua� Ku( Ku� Ku8 KgL7 KgU

31456 31435 31489 31449 3148; 31347 31364

+31355, 0+31356, +31356, +31356� +31356� +31496, +3149;,

Kga� Kg( Kg� Kg8 K�L7 K�U K�a�

31845 3139: 313<< 031346 31368 31399 313:4

+314:3, +3149<, +31497, +3149<, +31357, +31357, +31357,

K�( K�� K�8 Ku| Kg| K�| Kt t
31373 313:6 3134; 031336 031339 31334 31347

+31357, +31357, +31356, +31334, +31336, +31334, +3133;,

K-t >L7 >U >( >� >8 @��
031687 41587 41579 41639 41643 41554 4134;

+31548, +3136:, +3136<, +31373, +31373, +3136;, +3134:,

@�u @�g @�� @�t @2u @2� @2g
31:;7 031336 41574 4154; 31567 031565 31385

+31444, +31358, +31377, +31386, +313;5, +3137<, +31363,

@2� @2t S�� S�u S�g S2g S��
031679 031665 31574 0314<< 31;69 03164; 31543

+31393, +31445, +3137:, +31378, +313;3, +313:8, +31379,

S�t S2t �� �u �g �� �t
3166: 031385 031457 031493 03137; 0313<: 031737

+313;9, +3135:, +31358, +31356, +31343, +31354, +313:4,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:6 31:94 31;43 31<73 31<88

G1Z1 5158< 41979 4183< 517<4 41;<8

w1vwdw1 08138< 091<:7 071:;7 0718;< 081999

Rev1 <5 <5 <5 <5 <5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<6



Wdeoh D16;= Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<,

ruu rgg rug Kuu Kgg K��

03165: 04134; 31857 31835 031387 319<5

+313;7, +31584, +31475, +313;5, +31556, +31394,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31399 31478 3147; 31456 31463

0 +31355, +31354, +31354, +31355� +31353�
KgL7 KgU Kga� Kg( Kg� Kg8

0 031468 0313334 031753 031663 031568

0 +313<:, +313<<, +3143;, +313<8, +31434,

K�L7 K�U K�a� K�( K�� K�8

0 31443 313;9 31473 313:6 31455

0 +31364, +3135:, +3135:, +31357, +3134<,

Ku| Kg| K�| K| Kt t K||
031335 03133; 031339 0 031337 0

+31334, +31336, +31334, 0 +3133:, 0

>L7 >U >a� >( >� >8
0 41438 41654 41757 414<; 415;7

0 +313;5, +3138;, +313;4, +31398, +3138;,

@�� @�u @�g @�� @�t @2�
31<:6 31;56 31376 414:; 31<63 0314<<

+31354, +3138<, +31346, +31378, +313;3, +31368,

@2� S�� S�u S�g S�t S2g
031585 31576 31553 31943 31546 0314;9

+31389, +31368, +31363, +31435, +31387, +313<3,

�S �u �g �� �t K-t
0313:< 031435 03137< 0313;7 0313:8 031;<3

+31348, +31346, +31334, +31349, +31374, +314<3,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<96 31;46 31;57 31<89 31;5:

G1Z1 41;:< 41::7 41936 51543 5133

w1vwdw1 081569 091;5; 0815;8 081566 041;87

Rev1 :; :; :; :; :;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<7



Wdeoh D16<= Hvwlpdwlrq Uhvxowv iru wkh Hohfwulfdo dqg Rswlfdo Htxlsphqw Lqgxvwu| +63066,

ruu rgg rug Kuu Kgg K��

03137; 03138; 31376 31673 314:9 31;:4

+3137<, +314<<, +313;<, +31389, +31489, +31396,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31456 31465 31478 313;; 314:6

0 +31355, +31353, +31353, +31353, +31353,

KgL7 KgU Kga� Kg( Kg� Kg8

0 31786 3165< 317<4 313<9 3164<

0 +313;5, +313;9, +313:7, +3139:, +313;3,

K�L7 K�U K�a� K�( K�� K�8

0 0314:3 03145: 03148; 03136: 0314:4

0 +3135;, +31354, +31357, +31355, +31353,

Ku| Kg| K�| K| Kt t K||
031346 03133: 031345 3133: 031365 313337

+31335, +31336, +31337, +31335, +31345, +313336,

>L7 >U >a� >( >� >8
0 415;6 4153; 41693 41699 4158;

0 +31389, +3136;, +3137:, +31384, +31377,

@�� @�u @�� @�t @2� @2u
31<;4 31;;< 4134: 31:46 03167; 03145<

+31349, +31399, +3135:, +31393, +3137;, +3138<,

@2g @2� @2t S�� S�u S�g
3178; 031687 031494 3167; 31655 31;39

+31644, +31389, +313;8, +31383, +3137:, +313;:,

S�� S�t S2u S2g S2t ��
3163< 3163: 31373 03113<4 0314:4 031464

+31387, +313<5, +3134;, +313:<, +3138:, +31354,

�u �g �� �t K-t
0314;7 03135< 03144: 0314<9 031453

+31358, +3133<, +31356, +31365, +31394,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<6; 31:69 31;33 31<66 31<46

G1Z1 418<< 41:97 4198: 41:93 5133:

w1vwdw1 �91573 0:1745 061374 08149; 09148:

Rev1 :9 :9 :9 :9 :9

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<8



Wdeoh D173= Hvwlpdwlrq Uhvxowv iru wkh Wudqvsruw Htxlsphqw Lqgxvwu| +67068,

ruu rgg rug Kuu Kgg K��

031496 031;48 315;8 31639 03164< 31;78

+31395, +316;;, +3146;, +313:8, +31646, +31448,

KuL7 KuU Kua� Ku( Ku� Ku8
314;3 3143< 3144: 3143; 31377 31397

+3134:, +31348, +31348, +31348, +31349� +31349�
KgL7 KgU Kga� Kg( Kg� Kg8

031353 3166: 3169; 31597 3135; 31448

+313;<, +313;7, +313;:, +313;8, +313;3, +313;9,

K�L7 K�U K�a� K�( K�� K�8

3137: 31387 31379 3135< 31373 3143:

+31365, +31355, +31356, +31357, +31356, +31355,

Ku| Kg| K�| K| Kt t K||
031336 31339 31338 0 031347 0

+31334, +31336, +31334, 0 +3133:, 0

>L7 >U >a� >( >� >8
4165; 41584 41578 415;6 414;9 41599

+3138;, +3136<, +31363, +31368, +3136<, +3136:,

@�� @�u @�g @�� @�t @2u
31<<3 31999 31336 4145< 31;55 31454

+31346, +3139;, +3135<, +3135;, +31398, +3137;,

@2t S�u S�g S�� S�t S2g
031459 3137; 31986 031349 31686 031583

+313<;, +3135<, +313;5, +3133:, +313;6, +313:4,

�� �u �g �� �t K-t
031466 031498 031397 031477 031479 03145;

+31355, +31354, +31345, +31354, +3136<, +31387,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<94 31:46 319;; 31<8< 31;87

G1Z1 51453 41937 41:84 51559 5157<

w1vwdw1 081<58 0:1:59 081497 091;;6 061:9<

Rev1 <7 <7 <7 <7 <7

+Vwdqgdug Huuruv ri Sduhqwkhvhv,

4<9



D18 Uhvxowv zlwk Vslooryhu Yduldeohv

Wdeoh D174= Hvwlpdwlrq Uhvxowv iru wkh Wh{wlohv Lqgxvwu| +4:04<,

ruu rgg rug Kuu Kgg K�� KuL7
031489 031466 31373 31585 31498 31:59 31463

+31383, +31567, +313<7, +31388, +3155<, +313;4, +3134;,

KuU Ku( Ku� Ku8 KgL7 KgU Kg(

31438 31384 314<3 31448 31389 31565 31488

+3134;, +3134:, +31355� +31349� +3144;, +31445, +31465,

Kg� Kg8 K�L7 K�U K�( K�� K�8

313;3 3143; 031345 3134< 31376 3137< 031335

+3144;, +31445, +31358, +31358, +31355, +31368, +31356,

>L7 >U >( >� >8 @�� @�u
41553 41586 41543 4155: 414<; 31<67 31;<4

+3135;, +31363, +31358, +3135<, +3135;, +31343, +31374,

@�g @�� @�t @2� @2u @2g @2�
31469 31<:; 31;46 0314:3 031344 313<9 031538

+3139;, +31359, +31377, +31378, +31389, +31396, +31378,

S�� S�u S�g S�� S�t �� �u
31554 3149< 318<7 314<< 314;; 031393 03147<

+31379, +31378, +3139:, +31377, +31373, +31354, +3134;,

�g �� �t Ku| K| K7sr Kt t
031369 0313<: 0314;7 031338 0313336 031;:6 03134<

+31343, +3134<, +31378, +31334, +31334, +315;7, +3133;,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:9 31:8: 31;65 31<7; 31<6;

G1Z1 515<: 5137; 419<5 41<99 51643

w10vwdw 051;<9 0;13<8 06184; 071<;5 071453

Rev1 ;5 ;5 ;5 ;5 ;5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<:



Wdeoh D175= Hvwlpdwlrq Uhvxowv iru wkh Fkhplfdo Lqgxvwu| +57,

ruu rgg rug Kuu Kgg K��

03139; 0313;< 31383 31436 0314<9 31:37

+31359, +3146;, +31388, +3136:, +31458, +31376,

KuL7 KuU Kua� Ku( Ku� Ku8
31484 3146: 0 3148< 31466 0

+31353, +31353, 0 +31353, +31354, 0

KgL7 KgU Kga� Kg( Kg� Kg8

318;< 319;9 0 3195< 31:79 0

+3136;, +3136;, 0 +3136:, +31377, 0

K�L7 K�U K�a� K�( K�� K�8

031436 031344 0 031358 31344 0

+31357, +31355, 0 +31354, +31365, 0

Ku| Kg| K�| K| Kt t K||
31335 031339 0 0 0313337 0

+31334, +31335, 0 0 +31349, 0

>L7 >U >a� >( >� >8
4157: 415:3 0 415:9 4156; 0

+31365, +31366, 0 +31365, +31367, 0

@�� @�u @�g @�� @�t @2u
31<<8 31888 41689 4135: 41495 31685

+31343, +313<8, +318:;, +3134:, +31397, +31386,

@2� @2t S�� S�u S�g S��
031767 0313<7 317:4 31685 3195; 31747

+31386, +31458, +31385, +31386, +313;9, +3137;,

S�t S2u S2g S�g S�u ��
31434 31685 3195; 031438 031447 0314:8

+31436, +31386, +313;9, +313;6, +31368, +3135<,

�u �g �� �t K7sr
031475 031537 0314;7 031679 03135<

+31364, +31376, +3135:, +313:;, +3133<,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<67 316:6 31:4; 31;;8 31;83

G1Z1 516;; 5174: 41948 5174: 41;5;

w1vwdw1 091599 071863 071:7< 091:;; 07177:

Rev1 93 93 93 93 93

4<;



Wdeoh D176= Hvwlpdwlrq Uhvxowv iru Uxeehu dqg Sodvwlfv Surgxfwv +58,

ruu rgg rug Kuu Kgg K��

031497 031;74 3167; 3176; 031647 31974

E313:;, +31695, +3148:, +313;4, +3164;, +313;;,

KuL7 KuU Kua� Ku( Ku� Ku8
3139< 031337 0 31377 31434 0

+31347, +31349, 0 +31348, +3135:, 0

KgL7 KgU Kga� Kg( Kg� Kg8

3138: 315:5 0 31533 314:3 0

+31373, +31366, 0 +31374, +3138;, 0

K�L7 K�U K�a� K�( K�� K�8

31476 31466 0 313;4 314;5 0

+31354, +31354, 0 +31355, +31394, 0

Ku| Kg| K�| K| Kt t K||
031337 0 31339 0 031335 0

+31334, 0 +31334, 0 +31343, 0

>L7 >U >a� >( >� >8
31<:: 41446 0 41479 414:6 0

+31536, +31443, 0 +31439, +313<9, 0

@�� @�u @�g @�� @�t @2�
41339 319<; 031348 415<7 41466 031498

+31346, +3137;, +31378, +31365, +31395, +31383,

@2� @2t S�� S�u S�g S��
031658 31496 314:6 314:: 31835 31535

+3139<, +31377, +3137<, +31373, +3139<, +31378,

�� �u �g �� �t K7sr
03156: 0316<8 031478 03158< 031388 031465

+31367, +3137;, +3135:, +31366, +3135<, +3139:,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<85 31:54 319;: 31;;8 31;<6

G1Z1 513;8 419;6 419<8 51448 513:7

w1vwdw1 091<77 0;15;; 081784 0:1<88 041;;3

Rev1 97 97 97 97 97

+Vwdqgdug Huuruv lq Sduhqwkhvhv,

4<<



Wdeoh D177= Hvwlpdwlrq Uhvxowv iru Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv Lqgxvwu| +59,

ruu rgg rug Kuu Kgg K��

0316<: 031<74 31835 31754 03163: 318;<

+31396, +315;3, +3144<, +3139<, +315<8, +313;<,

KuL7 KuU Kua� Ku( Ku� Ku8
31539 31448 0 31454 31458 3147<

+31358, +3134;, 0 +31354, +3134:, +31353,
KgL7 KgU Kga� Kg( Kg� Kg8

314<< 3164; 0 316;6 313;5 3148:

+31454, +31444, 0 +31449, +31453, +31447,

K�L7 K�U K�a� K�( K�� K�8

31543 31547 0 31539 3144: 314:7

+31385, +3136:, 0 +31373, +31367, +31367,

Ku| Kg| K�| K| Kt t K||
0 0 0 313334 31348 0

0 0 0 +31335, +31343, 0

>L7 >U >a� >( >� >8
416;3 41743 0 416;9 416;; 416:3

+31395, +3139<, 0 +3138;, +31394, +3138<,

@�� @�u @�g @�� @�t @2u
31<9; 31;96 31385 414;7 31;8; 313<5

+31355, +31395, +31369, +31379, +313;5, +3135;,

S�� S�g S�t S2g S2t ��
31376 31877 31834 0313:< 031486 0313<:

+3133;, +313:7, +313:4, +313:;, +31396, +31363,

�u �g �� �t K7_
0314<5 031479 0313<9 031435 041433

+31359, +31359, +31359, +31374, +31378,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<48 31:;7 31:78 31;:< 31;::

G1Z1 517<8 51485 41:;3 517:: 51495

w1vwdw1 06157: 0:1748 081:3: 0619:6 051795

Rev1 :: :: :: :: ::

+vwdqgudg Huuruv lq Sduhqwkhvhv,
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Wdeoh D178= Hvwlpdwlrq Uhvxowv iru Edvlf dqg Ideulfdwhg Phwdov +5:05;,

ruu rgg rug Kuu Kgg K��

031443 031797 314<9 315<6 31559 319:7

+3139:, +31668, +31474, +313;4, +3166:, +313<4,

KuL7 KuU Kua� Ku( Ku� Ku8
3146< 3145< 31438 31489 31575 314:9

+31353, +31354, +31353, +31353, +31376� +31356�
KgL7 KgU Kga� Kg( Kg� Kg8

31368 31453 318:4 31483 3154< 313:3

+31486, +31489, +3148<, +3148;, +314;8, +31493,

K�L7 K�U K�a� K�( K�� K�8

3138; 31466 3146: 313<; 31749 3143;

+31358, +3135;, +3135;, +31358, +313<5, +31364,

Ku| Kg| K�| K| Kt t K||
031337 031337 31334 0 31349 0

+31334, +31336, +31334, 0 +3133;, 0

>L7 >U >a� >( >� >8
41546 41533 415:9 4115:; 414;4 41539

+31367, +31369, +3136;, +3136:, +31368, +31367,

@�� @�u @�g @�� @�t @2�
31<<3 319<6 031333< 41547 414<5 0314<;

+31347, +3139;, +31359, +31374, +31385, +31379,

@2u @2g @2� @2t S�� S�u
31538 3137; 031677 03165: 31538 314::

+31396, +31364, +31389, +31439, +31379, +31376,

S�g S�� S�t S2g S2t �S
31:98 31537 31673 031596 031385 031433

+31356, +31376, +313;6, +313:4, +3135:, +31354,

�u �g �� �t K-t K7sr
031494 031388 03143; 0316<5 0317;9 0414;<

+31356, +31344, +31354, +3139;, +31559, +31658,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<:6 31:9: 31;33 31<75 31<85

G1Z1 514:5 41988 416;: 51756 41;;9

w1vwdw1 0719;; 091<<; 071<66 0813:< 081:93

Rev1 <5 <5 <5 <5 <5

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Wdeoh D179= Hvwlpdwlrq Uhvxowv iru wkh Pdfklqhu| Lqgxvwu| +5<,

ruu rgg rug Kuu Kgg K��

0315<5 031;67 3177< 317:7 313:7 3194:

+313;5, +31584, +3146<, +313;3, +31547, +31393,

KuL7 KuU Kua� Ku( Ku� Ku8
0 31384 31466 31466 31549 3146:

0 +31354, +31353, +31353, +3136;, +31355,
KgL7 KgU Kga� Kg( Kg� Kg8

0 03145; 031343 031743 031576 031559

0 +313;:, +313<9, +313<:, +313<6, +313<6,

K�L7 K�U K�a� K�( K�� K�8

0 31438 313<: 31475 3157; 3149;

0 +31363, +31357, +31357, +31389, +31353,

Ku| Kg| K�| K| Kt t K||
031334 031339 03133; 0 0313338 0

+31334, +31336, +31334, 0 +31339, 0

>L7 >U >a� >( >� >8
0 41369 4168< 41775 41486 41633

0 +313;8, +3138:, +3139;, +3138;, +3138<,

@�� @�u @�g @�� @�t @2�
31<<6 31;3< 3136; 4154< 41354 0314::

+3134:, +31393, +31346, +3137:, +313;5, +3137;,

@2� S�� S�u S�g S�t S2g
031557 31546 314<< 31984 31497 0314:<

+31397, +3137;, +31378, +31435, +313<5, +313<9,

�S �u �g �� �t K-t
0313;: 031453 031378 031434 0313<6 04138;

+31349, +3134:, +31343, +3134;, +3136<, +314;9,

K7sr
031445

+31366,

Frvw Oderu Fdslwdo Pdwhuldo Sulfh

U2 31<93 31;39 31;5; 31<8: 31;59

G1Z1 41;87 41998 419:7 515;8 41<73

w1vwdw1 081638 0:1534 0717;8 0818;6 051734

Rev1 :; :; :; :; :;

+Vwdqgdug Huuruv lq Sduhqwkhvhv,
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Wkh iroorzlqj surri fdq eh irxqg lq Djklrq ) Krzlww +4<<;e,/ fkdswhu 61 Lw vkrzv

wkdw wkh glvwulexwlrq ri uhodwlyh surgxfwlylw| sdudphwhuv lq wkh Djklrq ) Krzlww +4<<;d,

prgho uhpdlqv frqvwdqw ryhu wlph1

[E�c |� lv wkh fxpxodwlyh glvwulexwlrq ri wkh devroxwh surgxfwlylw| sdudphwhuv � dfurvv

vhfwruv dw dq| duelwudulo| jlyhq gdwh |�Slfn dq|� : f wkdw zdv wkh ohdglqj hgjh sdudphwhu

dw vrph gdwh |f � f dqg gh�qh xE|� � [E�c |�� Wkhq

xE|f� ' � +E14,

ehfdxvh dw wlph |f qr vhfwru kdv d surgxfwlylw| sdudphwhu odujhu wkdq wkh ohdglqj hgjh

sdudphwhu �c dqg
_xE|f�

_|
' �xE|���- iru doo | @ |f +E15,

Diwhu |f wkh udwh dw zklfk wkh pdvv ri vhfwruv ehklqg � idoov lv wkh ryhudoo  rz ri lqqryd0

wlrqv rffxuulqj lq vhfwruv fxuuhqwo| ehklqg�� Wkhuh duh xE|� vxfk vhfwruv/ hdfk lqqrydwlqj

zlwk d Srlvvrq duulydo udwh ��-� Wrjhwkhu +E14, dqg +E15, gh�qh d gl�huhqwldo htxdwlrq
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wkdw xE|� pxvw reh|1 Wklv lv xqltxho| vroyhg dv

xE|� ' e3�
U |
|f
�-Er�_r +E16,

dovr ehfdxvh _�4@ 

_|
E|� � �4@ E|���-E|� *? �c dqg � ' �4@ E|f�

�4@ E|� ' �e� *? �
U |
|f
�-Er�_r +E17,

Wrjhwkhu wkh odvw wzr htxdwlrqv lpso|

xE|� ' E
�

�4@ E|�
�

�

*? � +E18,

xE|� lv wkh iudfwlrq ri vhfwruv dw wlph | iru zklfk wkh uhodwlyh surgxfwlylw| lv vpdoohu wkdq

@ ' �
�4@ E|�

� Htxdwlrq +E18, hvwdeolvkhv wkdw wklv iudfwlrq lv lqghhg jlyhq e| ME@� ' @
�

*? �

dw gdwh w/ li @ lv wkh uhodwlyh surgxfwlylw| dw | ri dq| vhfwru wkdw lqqrydwhg rq ru diwhu

gdwh f� Li | lv odujh hqrxjk/ wklv zloo lqfoxgh doprvw doo ydoxhv @ 5 dfc �o�
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Edvx ) Ihuqdog*v +4<<8, dujxphqw wkdw xvlqj ydoxh dgghg gdwd pd| eldv hvwlpdwlrq

uhvxowv frqfhuqlqj hfrqrplhv ri vfdoh dqg vslooryhuv lv edvhg rq wkh dvvxpswlrq wkdw wkh

ydoxh dgghg phdvxuh lv ghulyhg iurp jurvv rxwsxw dv d Glylvld lqgh{/ dv lq wkh gdwd

suhsduhg e| Mrujhqvrq/ Iudxphql ) Jroors +4<;:, dqg h{whqghg lq vxevhtxhqw |hduv1

\hw/ wkh dqdo|vlv uhdglo| fduulhv ryhu wr ydoxh dgghg rewdlqhg zlwk grxeoh gh dwlrq/ wkh

prvw frpprqo| xvhg phwkrg wr rewdlq d fxuuhqw sulfh ydoxh dgghg phdvxuh1 Wklv zloo

eh vkrzq ixuwkhu ehorz1

Zkhq d Glylvld lqgh{ lv xvhg wr frqvwuxfw d ydoxh dgghg phdvxuh/ ydoxh dgghg t �_ lv

lpsolflwo| gh�qhg dv
�t

t
' E�� r��

�t �_

t �_
n r�

��

�
+F14,

zkhuh r� lv wkh lqfrph vkduh ri pdwhuldo lqsxwv1 Wklv htxdwlrq fdq eh uhduudqjhg wr

jlyh
�t �_

t �_
'

�t
t
� r�

��
�

� � r�
+F15,

Lq rughu wr vkrz wkdw wkh udwh ri uhwxuqv wr vfdoh hvwlpdwhv lv olnho| wr eh eldvhg zkhq ydoxh

dgghg gdwd lv xvhg/ lw lv xvhixo wr ghulyh wkh prvw iuhtxhqwo| xvhg hvwlpdwlrq htxdwlrq
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wr hvwlpdwh wkh udwh ri uhwxuqv wr vfdoh lq wkh sulpdo iudphzrun1 Uhphpehu wkdw wkh

udwh ri uhwxuqv wr vfdoh htxdov b ' >Eru n r� n rg� zkhq erwk hfrqrplhv ri vfdoh dqg

pdun0xsv duh suhvhqw lq d jurvv rxwsxw surgxfwlrq ixqfwlrq1 Pxowlso|lqj erwk vlghv ri

wklv htxdwlrq zlwk idfwru ��v frvw vkduh S� '
��f�

�uun�ggn���
/ lw wxuqv rxw wkdw bS� ' >r��

Wkhuhiruh/ wdnlqj lqwr dffrxqw wkh ghulydwlrq ri htxdwlrq +618,/ lw fdq eh txlfno| yhul�hg

wkdw wkh uhodwlrq ri rxwsxw dqg lqsxw jurzwk udwhv fdq eh zulwwhq dv

�t

t
' b

�~�

~�
n } +F16,

zkhuh
�~�

~�
' ESu

�u
u
n Sg

�g
g
n S�

��
�
� ghqrwhv wkh frvw vkduh zhljkwhg idfwru lqsxw jurzwk1

Vxevwlwxwlqj wklv lqwr +F15, |lhogv

�t �_

t �_
'
bE�� S��

� � r�

�~�_

~�_
n
bS� � r�
� � r�

��

�
n

}

� � r�
+F17,

zkhuh
�~�_

~�_
' Su

SunSg

�u
u
n Sg

SunSg

�g
g
lv wkh ydoxh dgghg htxlydohqw ri

�~�

~�
� Vlqfh bS� ' >r�

�t �_

t �_
'
bE�� S��

� � r�

�~�_

~�_
n E>� ��

r�
� � r�

��

�
n

}

� � r�
+F18,

Wklv htxdwlrq lpsolhv wkdw/ xqohvv pdun0xsv duh 4/ ydoxh dgghg zloo ghshqg gluhfwo| rq

pdwhuldo lqsxw jurzwk1 Ydoxh dgghg lv frpsxwhg iurp jurvv rxwsxw e| vxevwudfwlqj wkh

frqwulexwlrq ri pdwhuldo lqsxwv dvvxplqj wkdw wkhlu surgxfwlrq hodvwlflw| htxdov wkhlu

lqfrph vkduh1 \hw/ wklv zloo qrw eh wkh fdvh lq wkh suhvhqfh ri pdunhw srzhu1 Wklv

lv olnho| wr fdxvh dq rplwwhg yduldeoh eldv/ li ydoxh dgghg jurzwk lv uhjuhvvhg rq frvw

vkduh zhljkwhg idfwru lqsxw jurzwk wr hvwlpdwh wkh udwh ri uhwxuqv wr vfdoh b� Wkh vhfrqg

plvvshfl�fdwlrq lv wkdw wkh frh!flhqw ri
�~�_

~�_
zloo qrw lq jhqhudo htxdo wkh wuxh udwh ri

uhwxuqv wr vfdoh/ xqohvv wkhuh lv shuihfw frpshwlwlrq/ vr wkdw r� ' S� � Rwkhuzlvh wkh

glylvru zloo eh wrr odujh/ fdxvlqj d grzqzdug eldv lq wkh hvwlpdwhg udwh ri uhwxuqv wr

vfdoh1

Fdedoohur ) O|rqv +4<<3, dqg Fdedoohur ) O|rqv +4<<5, hpsor| lqgxvwu| ydoxh dgghg
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gdwd wr hvwlpdwh dq htxdwlrq olnh
�t �_
�

t �_
�

' bfn b�
�~�_�
~�_�

n b2
��S
�S

n 0�/ zkhuh
��S
�S

lv dq djjuhjdwh

dfwlylw| phdvxuh/ vxfk dv djjuhjdwh lqsxw ru djjuhjdwh rxwsxw/ zkloh wkh yduldeohv zlwk

lqgh{ � duh lqgxvwu| yduldeohv1 0� lv dq huuru whup1
��S
�S

lv lqfoxghg lq wkh hvwlpdwlrq

htxdwlrq wr fdswxuh surgxfwlyh vslooryhuv1 \hw/ Edvx ) Ihuqdog +4<<8, dujxh wkdw wkhvh

duh olnho| wr sur{| wkh rplwwhg pdwhuldo lqsxwv jurzwk1 Wkxv/ wkh �qglqj ri srvlwlyh

surgxfwlyh vslooryhuv pd| eh qrwklqj exw d �jphqw ri vshfl�fdwlrq huuru1

Wr vhh wkdw wkh dqdo|vlv fduulhv ryhu wr ydoxh dgghg phdvxuhv rewdlqhg zlwk grxeoh

gh dwlrq/ revhuyh wkdw grxeoh0gh dwhg ydoxh dgghg htxdov

t � ' t �� +F19,

zkhuh t � lv frqvwdqw sulfh ydoxh dgghg/ t lv frqvwdqw sulfh jurvv rxwsxw dqg � lv

frqvwdqw sulfh pdwhuldo lqsxwv1 Wkh uljkw kdqg vlgh yduldeohv duh gh dwhg hdfk zlwk wkhlu

rzq sulfh lqgh{/ zklfk lv zk| wkh phwkrg lv fdoohg grxeoh gh dwlrq1 Gl�huhqwldwlqj wklv

htxdwlrq/ glylqj e| t � dqg uhduudqjlqj |lhogv

�t �

t �
'

�t

t
�

6+

��6+

E
��

�
�

�t

t
� +F1:,

zkhuh 6+ ' �
t

lv wkh frqvwdqw sulfh vkduh ri pdwhuldo lqsxwv lq jurvv rxwsxw1 Wkh

gl�huhqfh ehwzhhq wkh Glylvld lqgh{ dqg wkh grxeoh gh dwhg lqgh{ xvhg wr frqvwuxfw

ydoxh dgghg lv wkh zhljkwv xvhg wr vxevwudfw pdwhuldo lqsxwv jurzwk iurp rxwsxw jurzwk1

Frqvwdqw sulfh zhljkwv duh xvhg lq wkh grxeoh gh dwlrq phwkrg/ zkhuhdv wkh Glylvld

lqgh{ lv fdofxodwhg zlwk fxuuhqw sulfh zhljkwv1 Wr frpsduh wkh wzr phdvxuhv/ lw lv xvhixo

wr uhzulwh htxdwlrq +F15, dv

�t �_

t �_
'

�t

t
�

r�
� � r�

E
��

�
�

�t

t
� +F1;,

Frpelqlqj +F1:, dqg +F1;,/ wkh jurzwk udwh ri grxeoh gh dwhg rxwsxw fdq eh uhzulwwhq
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dv
�t �

t �
'

�t �_

t �_
�

6+

E��6+�E�� r��
E� �

��
�t

�E
��

�
�

�t

t
� +F1<,

zkhuh wkh vhfrqg whup rq wkh uljkw kdqg vlgh uhsuhvhqwv wkh grxeoh gh dwlrq eldv1 Wklv

glvdsshduv lq wzr fdvhv= Zkhq jurvv rxwsxw dozd|v jurzv dw wkh vdph udwh dv pdwhuldo

lqsxwv/ dqg li wkh sulfh ri rxwsxw/ �t c dqg wkh sulfh ri pdwhuldo lqsxwv/ �� c lv dozd|v wkh

vdph +Euxqr ) Vdfkv 4<;8,1

Iurp +F1<, lw vkrxog eh fohdu wkdw grxeoh gh dwhg ydoxh dgghg jurzwk lv vxemhfw wr

wkh vdph eldvhv dv wkh Glylvld lqgh{/ srwhqwldoo| zlwk d grxeoh gh dwlrq eldv lq dgglwlrq

wr wklv1
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Wkh RHFG VWDQ gdwdedvh surylghv lqsxw dqg rxwsxw gdwd iru lqgxvwulhv lq RHFG

phpehu frxqwulhv1 Wkh qhzhvw yhuvlrq +RHFG 5333e,/ edvhg rq wkh LVLF/ Uhy1 6 lqgxvwu|

fodvvl�fdwlrq lqfoxghv vhyhudo vhuylfh vhfwruv lq dgglwlrq wr pdqxidfwxulqj lqgxvwulhv1

Dowkrxjk vrphwlphv lqfrpsohwh/ wkh qhz VWDQ hglwlrq lpsuryhv xsrq hduolhu yhuvlrqv

lq pdq| dvshfwv1 Lw surylghv yroxph phdvxuhv ri jurvv �{hg fdslwdo irupdwlrq dqg fdslwdo

vwrfnv iru vrph frxqwulhv1 Lq wkh roghu yhuvlrq rqo| jurvv �{hg fdslwdo irupdwlrq lq fxuuhqw

sulfhv zdv dydlodeoh1 Yhu| lpsruwdqwo|/ wkh qhzhu yhuvlrq lqfoxghv d yroxph phdvxuh ri

jurvv rxwsxw/ zkloh qr jurvv rxwsxw gh dwru zdv dydlodeoh ehiruh1 Zlwk erwk jurvv rxwsxw

dqg ydoxh dgghg lq frqvwdqw sulfhv dw kdqg d phdvxuh ri pdwhuldo lqsxwv lq frqvwdqw sulfhv

fdq eh frqvwuxfwhg dv wkh gl�huhqfh ehwzhhq wkh wzr rxwsxw phdvxuhv1

Wkh vdpsoh ri frxqwulhv lq wklv vwxg| lqfoxghv Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq

dqg wkh XV1 Wkh gdwd lv wdnhq iurp wkh VWDQ gdwdedvh iru doo frxqwulhv exw Jhupdq|1

Dowkrxjk wkh qhz VWDQ gdwdedvh grhv lqfoxgh vrph vhuylfh vhfwruv/ wklv vwxg| irfxvhv

rq pdqxidfwxulqj vhfwruv/ ehfdxvh wklv lv zkhuh wkh exon ri uhvhdufk dqg ghyhorsphqw lv

shuiruphg1 Wdeoh G14 jlyhv dq ryhuylhz ryhu wkh LVLF/ Uhy1 6 lqgxvwu| fodvvl�fdwlrq rq

zklfk wkh qhz VWDQ gdwdedvh uholhv1

Rxwsxw= Sulfhv ri jurvv rxwsxw dqg ydoxh dgghg duh fdofxodwhg dv wkh udwlr ri wkh

qrplqdo rxwsxw vhulhv wr wkhlu yroxph lqgh{1 4<<8 ydoxhv duh qrupdol}hg wr rqh1 Frqvwdqw
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Wdeoh G14= Wkh LVLF/ Uhy1 6 Lqgxvwu| Fodvvl�fdwlrq

1

LVLF0Frgh Lqgxvwu|

48049 Irrg Surgxfwv/ Ehyhudjhv dqg Wredffr

4:04< Wh{wlohv/ Wh{wloh Surgxfwv/ Ohdwkhu dqg Irrwzhdu

53 Zrrg dqg Surgxfwv ri Zrrg dqg Frun

54055 Sxos/ Sdshu/ Sxeolvklqj dqg Sulqwlqj

56058 Fkhplfdo/ Uxeehu/ Sodvwlfv dqg Ixho Surgxfwv

56 Frnh/ Uh�qhg Shwurohxp Surgxfwv Dqg Qxfohdu Ixho

57 Fkhplfdov dqg Fkhplfdo Surgxfwv

58 Uxeehu dqg Sodvwlfv Surgxfwv

59 Rwkhu Qrq0Phwdoolf Plqhudo Surgxfwv

5: Edvlf Phwdov

5; Ideulfdwhg Phwdo Surgxfwv

5:05; Edvlf Phwdov dqg Ideulfdwhg Phwdo Surgxfwv

5<066 Pdfklqhu| dqg Htxlsphqw

5< Pdfklqhu| dqg Htxlsphqw Q1H1F1

63066 Hohfwulfdo dqg Rswlfdo Htxlsphqw

63 R!fh/ Dffrxqwlqj dqg Frpsxwlqj Pdfklqhu|

64 Hohfwulfdo Pdfklqhu| dqg Dssdudwxv Q1H1F

65 Udglr/ Whohylvlrq dqg Frppxqlfdwlrq Htxlsphqw

66 Phglfdo/ Suhflvlrq dqg Rswlfdo Lqvwuxphqwv

67068 Wudqvsruw Htxlsphqw

67 Prwru Yhklfohv/ Wudlohuv dqg Vhpl0Wudlohuv

68 Rwkhu Wudqvsruw Hxlsphqw

6906: Pdqxidfwxulqj Q1H1F1/ Uhf|folqj

sulfh rxwsxw vhulhv duh wkhq fdofxodwhg e| glylglqj wkh fxuuhqw sulfh vhulhv zlwk wklv

gh dwru1

Iru Fdqdgd d yroxph lqgh{ iru jurvv rxwsxw lv qrw dydlodeoh lq wkh VWDQ gdwdedvh1

Lqgxvwuldo surgxfw sulfh lqglfhv surylghg e| Vwdwlvwlfv Fdqdgd duh xvhg lqvwhdg dv gh0

 dwruv iru jurvv rxwsxw1 Wkh gh dwruv duh frqyhuwhg wr LVLF/ Uhy1 6 zlwk d frqyhuvlrq

vfkhph surylghg e| wkh RHFG1 Zkhq wkh gh dwruv kdyh wr eh djjuhjdwhg wr pdwfk

lqgxvwu| jurxsv/ jurvv rxwsxw vkduhv duh xvhg dv zhljkwv1

Ydoxh dgghg dqg jurvv rxwsxw yroxph lqglfhv duh qrw dydlodeoh iru |hduv hduolhu wkdq

4<<4 iru pdq| Iuhqfk lqgxvwulhv1 Wr hvwlpdwh wkh plvvlqj gdwd lw lv dvvxphg wkdw wkh

odfnlqj sulfh lqglfhv juhz dw wkh vdph udwh dv wkh fruuhvsrqglqj sulfh lqgh{ ri wkh pdq0
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xidfwxulqj vhfwru1

Pdwhuldo Lqsxwv= Pdwhuldo lqsxwv duh phdvxuhg dv wkh gl�huhqfh ehwzhhq jurvv

rxwsxw dqg ydoxh dgghg1 Wkh udwlr ri wkh gl�huhqfh ri wkh fxuuhqw sulfh vhulhv wr wkh

frqvwdqw sulfh vhulhv lv wkh sulfh ri pdwhuldo lqsxwv1

Oderu Lqsxw= Zkhq dydlodeoh wrwdo hpsor|phqw dw ixoo wlph htxlydohqwv lv xvhg dv

d phdvxuh ri oderu lqfrph1 Krzhyhu/ ixoo wlph htxlydohqwv duh dydlodeoh iru Iudqfh/ Lwdo|

dqg wkh XV rqo|1 Wkh vlpsoh wrwdo hpsor|phqw phdvxuh kdv wr eh xvhg iru Mdsdq/ Fdqdgd

dqg Jhupdq|1 Wkh zdjh udwh lv fdofxodwhg dv oderu frpshqvdwlrq glylghg e| wkh qxpehu

ri hpsor|hhv1 Lw lv qrupdol}hg wr rqh lq 4<<81 Oderu frpshqvdwlrq lv dgmxvwhg iru wkh

oderu lqfrph ri wkh vhoi0hpsor|hg dvvxplqj wkdw wkh zdjh udwh ri wkh vhoi0hpsor|hg lv

wkh vdph dv iru wkh hpsor|hhv1 Wkh oderu lqsxw yduldeoh lv pxowlsolhg e| wkh zdjh udwh

ri wkh edvh |hdu/ vr wkdw wkh surgxfw ri wkh qrupdol}hg zdjh udwh dqg oderu lqsxw htxdov

oderu frpshqvdwlrq1

Lq wkh fdvh ri Iudqfh hpsor|phqw dw ixoo wlph htxlydohqwv lv qrw dydlodeoh iru vhyhudo

lqgxvwulhv ehiruh 4<<31 Iru wkh fkhplfdo lqgxvwu| +LVLF 57, dqg wkh uxeehu dqg sodvwlfv

lqgxvwu| +LVLF 58, wkh qxpehu ri hpsor|hhv dv d shufhqwdjh ri hpsor|hhv ri wkh lqgxvwu|

jurxs 56058 lv doprvw h{dfwo| wkh vdph dv wkh fruuhvsrqglqj shufhqwdjh ri wrwdo hpsor|0

phqw diwhu 4<<31 Wkhuhiruh/ wkh qxpehu ri hpsor|hhv lv hvwlpdwhg dvvxplqj wkdw wklv

krogv dovr lq wkh |hduv ehiruh1 Wkdw lv/ wkh qxpehu ri hpsor|hhv lq hdfk lqgxvwu| lv fdo0

fxodwhg dv wkh qxpehu ri hpsor|hhv ri lqgxvwu| jurxs 56058 pxowlsolhg e| wkh lqgxvwu|*v

vkduh lq wrwdo hpsor|phqw ri wkh djjuhjdwh lqgxvwu| jurxs 560581

Iru lqgxvwulhv 5: wr 66 wkh qxpehu ri hpsor|hhv lv hvwlpdwhgpdnlqj xvh ri lqirupdwlrq

frqwdlqhg lq wkh qxpehu ri hpsor|hhv ri wkrvh lqgxvwulhv dv d shufhqwdjh ri hpsor|hhv lq

wkh hqwluh pdqxidfwxulqj vhfwru diwhu 4<<31 Lq vrph lqgxvwulhv wkh ohyho ri wklv shufhqwdjh

lv voljkwo| gl�huhqw iurp wkh fruuhvsrqglqj shufhqwdjh ri wrwdo hpsor|phqw diwhu 4<<3/

zkloh wkh pryhphqw ri wkh shufhqwdjhv lv frpsohwho| sdudooho1 Wr fruuhfw iru wkh gl�huhqfh

lq ohyhov/ wkh hvwlpdwhg vkduh ri hpsor|hhv ri wkhvh lqgxvwulhv ehiruh 4<<3 lv fdofxodwhg

dv wkh lqgxvwu|*v vkduh ri wrwdo hpsor|phqw lq pdqxidfwxulqj hpsor|phqw plqxv wkh
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dyhudjh gl�huhqfh ehwzhhq wkh hpsor|hhv* vkduh dqg wkh vkduh ri wrwdo hpsor|phqw ri

wkh lqgxvwu| diwhu 4<<31

Iru Fdqdgd/ wkh qxpehu ri hpsor|hhv iru lqgxvwulhv 5:066 lv qrw dydlodeoh1 Wkhvh

vhulhv duh hvwlpdwhg dvvxplqj wkdw wkh qxpehu ri hpsor|hhv dv d shufhqwdjh ri wrwdo

hpsor|phqw lv wkh vdph lq hdfk ri wkhvh lqgxvwulhv dv lq wkh djjuhjdwh lqgxvwu| jurxs

5:0661

Fdslwdo= Lq wkh VWDQ gdwdedvh qhw fdslwdo vwrfnv duh dydlodeoh iru Lwdo| rqo|1 Dv wkh

RHFG grhv qrw surylgh fdslwdo vwrfnv iru wkh XV/ qhw fdslwdo vwrfnv iurp wkh Exuhdx ri

Hfrqrplf Dqdo|vlv duh xvhg1 Iru Iudqfh qhw fdslwdo vwrfnv dw d idluo| djjuhjdwh ohyho duh

rewdlqhg iurp wkh Iuhqfk Qdwlrqdo Vwdwlvwlfdo R!fh/ LQVHH1 Wkh VWDQ gdwdedvh grhv

frqwdlq jurvv fdslwdo vwrfnv iru Iudqfh/ Lwdo|/ Fdqdgd dqg Mdsdq1 Iru Mdsdq/ Fdqdgd

dqg Jhupdq|/ L frqvwuxfw qhw fdslwdo vwrfn vhulhv xvlqj wkh shushwxdo lqyhqwru| phwkrg1

g�E|n�� ' U�| n E� � B�g�| +G14,

zkhuh U�| lv lqgxvwu| ��r shulrg | lqyhvwphqw lq sk|vlfdo fdslwdo dw frqvwdqw sulfhv/ g�| lv

wkh sk|vlfdo fdslwdo vwrfn dqg B lv wkh ghsuhfldwlrq udwh ri sk|vlfdo fdslwdo1 Dvvxplqj

d frqvwdqw jurzwk udwh ri lqyhvwphqwv/ dv zhoo dv frqvwdqw ghsuhfldwlrq udwhv iru erwk

jurvv dqg qhw fdslwdo vwrfnv lw fdq eh vkrzq diwhu vroylqj wkh gl�huhqfh htxdwlrq +G14,/

wkdw wkh udwlr ri qhw fdslwdo vwrfn wr jurvv fdslwdo vwrfn zloo frqyhujh wr d frqvwdqw1

Lq idfw/ lq wkh fdvh ri Iudqfh dqg Lwdo|/ zkhuh erwk jurvv dqg qhw fdslwdo vwrfnv duh dw

kdqg/ wkh udwlrv duh forvh wr frqvwdqw/ ehwzhhq f�D2 dqg f�S2 ghshqglqj rq wkh lqgxvwu|1

Iru wkh frqvwuxfwlrq ri qhw fdslwdo vwrfnv iru Mdsdq/ Iudqfh dqg Jhupdq|/ L dvvxph d

vwduwlqj ydoxh iru wkh qhw fdslwdo vwrfn wkdw htxdov DDI ri wkh jurvv fdslwdo vwrfn iru wkh

fruuhvsrqglqj |hdu1 Wkh ghsuhfldwlrq udwh lv dvvxphg wr htxdo bI1

Iru Fdqdgd/ lqyhvwphqw dw frqvwdqw sulfhv lv surylghg lq wkh VWDQ gdwdedvh/ vr wkh

qhw fdslwdo vwrfnv fdq hdvlo| eh frpsxwhg xvlqj +G14,1 Wklv lv wulfnlhu lq wkh fdvh ri

Mdsdq/ iru zklfk fxuuhqw sulfh lqyhvwphqw lv qrw surylghg lq wkh VWDQ gdwdedvh1 Vlqfh

lqyhvwphqw dw frqvwdqw sulfhv lv surylghg dv dq lqgh{/ zlwk d ydoxh ri 433 lq 4<<8/ wkh
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ohyho ri lqyhvwphqw lq sulfhv ri 4<<8 lv xqnqrzq1 Dvvxplqj d ghsuhfldwlrq udwh ri eI iru

wkh jurvv fdslwdo vwrfn/ lw wxuqv rxw wkdw iru hdfk lqgxvwu| dq duwl�fldo lqyhvwphqw vhulhv

ghgxfhg zlwk wkh khos ri +G14,/ dv U�| ' g�E|n��� E�� B�g�| kdv doprvw h{dfwo| wkh vdph

vkdsh dv wkh yroxph lqgh{ ri lqyhvwphqw surylghg lq wkh VWDQ gdwdedvh1 Wkhuhiruh/ wkh

ohyho ri wkh lqyhvwphqw vhulhv lv fkrvhq e| vhwwlqj wkh 4<<8 ydoxh ri wkh VWDQ yroxph

lqgh{ htxdo wr wkh lqyhvwphqw vhulhv fdofxodwhg iurp wkh jurvv fdslwdo vwrfn vhulhv dv

h{sodlqhg deryh dqg pxowlso|lqj doo rwkhu revhuydwlrqv zlwk wkh vdph frqvwdqw1

Jhupdq gdwd lv wdnhq iurp d gl�huhqw gdwdedvh surylghg e| wkh Ghxwvfkhv Lqvwlwxw

i u Zluwvfkdiwviruvfkxqj +GLZ, ghvfulehg ehorz/ zklfk lqfoxghv qr lqyhvwphqw gdwd

dw doo1 Lqyhvwphqw gdwd lv wdnhq iurp dq roghu yhuvlrq ri wkh VWDQ gdwdedvh lqvwhdg/

zklfk surylghv fxuuhqw sulfh jurvv �{hg fdslwdo irupdwlrq +RHFG 4<<;,1 Wkh lqyhvwphqw

sulfh gh dwru lv fdofxodwhg dv wkh udwlr ri fxuuhqw wr frqvwdqw sulfh lqyhvwphqw lq wkh

pdqxidfwxulqj vhfwru zklfk L rewdlq iurp wkh Vwdwlvwlvfkhv Exqghvdpw1 Lw vkrxog eh

qrwhg wkdw wkh lqyhvwphqw vhulhv wkxv gh dwhg pdwfk yhu| zhoo wkh pryhphqw ri dq

lqyhvwphqw vhulhv rewdlqhg iurp wkh jurvv fdslwdo vwrfn vhulhv dv U�| ' g�|n��g�|n Bg�|/

zlwk B dvvxphg wr htxdo eI1 Vlqfh wkh VWDQ vhulhv rqo| uhdfkhv 4<<7/ L dxjphqw wkh

vhulhv xvlqj G14 wr ghgxfh lqyhvwphqw vhulhv iurp wkh jurvv fdslwdo vwrfn diwhu 4<<71 Iru

B L xvh wkh dyhudjh ghsuhfldwlrq udwh iurp 4<;304<<7 wkdw uhvxowv zkhq dvvxplqj wkdw wkh

jurvv fdslwdo vwrfnv ri wkh GLZ zhuh fdofxodwhg zlwk wkh VWDQ0<;0lqyhvwphqw vhulhv1

Wkh xvhu frvw ri fdslwdo lv fdofxodwhg dv Rg ' /gE4n B� / zkhuh /g lv wkh lqyhvwphqw

sulfh gh dwru/ 4 lv wkh uhdo lqwhuhvw udwh dqg B lv wkh ghsuhfldwlrq udwh1 Iru Fdqdgd/

Iudqfh/ Lwdo| dqg wkh XV jurvv fdslwdo irupdwlrq gdwd lv surylghg lq wkh VWDQ gdwdedvh/

vr lpsolflw lqyhvwphqw sulfh gh dwruv fdq eh fdofxodwhg iurp wkhvh vhulhv1 Iru Mdsdq/

wkhuh duh qr lqyhvwphqw sulfh gh dwruv e| lqgxvwu|1 Lqvwhdg/ jurvv fdslwdo irupdwlrq

vhulhv lq fxuuhqw dqg frqvwdqw sulfhv iru wkh hqwluh Mdsdqhvh hfrqrp| duh wdnhq iurp wkh

RHFG Qdwlrqdo Dffrxqwv wr frqvwuxfw dq lpsolflw sulfh gh dwru1 Lw lv dvvxphg wr eh wkh

vdph lq hdfk lqgxvwu|1

Jurvv fdslwdo irupdwlrq vhulhv iru wkh Zhvw0Jhupdq pdqxidfwxulqj vhfwru duh wdnhq
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iurp wkh Vwdwlvwlvfkhv Exqghvdpw wr frqvwuxfw lqyhvwphqw sulfh gh dwruv iru Jhupdq

lqgxvwulhv1 Wkh gdwd lv dxjphqwhg zlwk vhulhv iru xql�hg Jhupdq| lq wkh qlqhwlhv1

Wkh uhdo lqwhuhvw udwh lv gh�qhg dv wkh dyhudjh ri wkh gl�huhqfh ehwzhhq wkh orqj0whup

jryhuqphqw erqg |lhog wdnhq iurp wkh LPI*v Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv dqg wkh

lq dwlrq udwh1 Wkh lq dwlrq udwh lv fdofxodwhg iurp JGS gh dwruv1 Iru wkh XV wkh JGS

gh dwru lv frqvwuxfwhg zlwk JGS vhulhv iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv1 Iru Lwdo|

dqg Mdsdq wkh gdwd lv wdnhq iurp wkh RHFG Qdwlrqdo Dffrxqwv1 Wkh lpsolflw JGS sulfh

gh dwru lv gluhfwo| wdnhq iurp wkh RHFG qdwlrqdo dffrxqwv iru Fdqdgd1 Jhupdq JGS

gdwd lv wdnhq iurp wkh RHFG Qdwlrqdo Dffrxqwv dv zhoo1 Zhvw0Jhupdq gdwd odfnlqj/

wkh Jhupdq JGS gh dwru kdv wr eh fdofxodwhg zlwk gdwd iru wkh xql�hg frxqwu| iru wkh

qlqhwlhv1 Wkh vhulhv fdofxodwhg zlwk gdwd iurp wkh RHFGQdwlrqdo Dffrxqwv lv dxjphqwhg

zlwk d gh dwru fdofxodwhg zlwk JGS vhulhv wdnhq iurp wkh Vwdwlvwlvfkhv Exqghvdpw iru

4<<;1 Iru Iudqfh wkh JGS gh dwru lv wdnhq iurp wkh Iuhqfk Qdwlrqdo Vwdwlvwlfdo R!fh/

LQVHH1

Jhupdq gdwd= Gdwd iru Jhupdq| lv dydlodeoh iru wkh xql�hg frxqwu| rqo| zklfk

reylrxvo| uhgxfhv wkh vdpsoh shulrg wr 4<<404<<;1 Vlqfh wklv lv qrw hqrxjk iru uholdeoh

hvwlpdwlrq/ gdwd iru Zhvw0Jhupdq pdqxidfwxulqj lqgxvwulhv jdwkhuhg e| wkh Ghxwvfkhv

Lqvwlwxw i u Zluwvfkdiwviruvfkxqj +GLZ, lv xvhg lqvwhdg +Jùu}lj hw do1 5333,1 Wkh GLZ

kdv frqyhuwhg gdwd iurp wkh Ihghudo Vwdwlvwlfdo R!fh*v prqwko| uhsruwv iurp wkh rog

Jhupdq Z]:< fodvvl�fdwlrq wr LVLF/ Uhy1 6 wr rewdlq wkh vhulhv1 Xqolnh lq wkh qd0

wlrqdo dffrxqwv �upv wkdw duh ohjdoo| rqh frpsdq| exw surgxfh gl�huhqw surgxfwv pd|

eh dvvljqhg wr gl�huhqw lqgxvwulhv lq wkh prqwko| uhsruwv1 Wkhuhiruh/ wkhuh duh vrph gli0

ihuhqfhv wr qdwlrqdo dffrxqwv gdwd/ exw wkh dydlodeoh yduldeohv vkrxog vhuyh dv uhdvrqdeoh

sur{lhv1

Jurvv rxwsxw qrw ehlqj dydlodeoh/ lw kdv wr eh sur{lhg e| wkh wxuqryhu yduldeoh sur0

ylghg e| wkh GLZ1 Ydoxh dgghg dw 4<<8 sulfhv lv hydoxdwhg dw idfwru frvwv1 Wrwdo hp0

sor|phqw lv xvhg dv wkh phdvxuh iru oderu lqsxw/ zkloh jurvv fdslwdo vwrfnv dw 4<<8 sulfhv

vhuyh dv wkh fdslwdo lqsxw phdvxuh1 Oderu frpshqvdwlrq lqfoxghv wkh hpsor|hh*v/ exw qrw
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wkh hpsor|hu*v frqwulexwlrq wr vrfldo vhfxulw|1

Qhlwkhu d gh dwru iru ydoxh dgghg qru iru jurvv rxwsxw lv dydlodeoh wkurxjk wkh GLZ1

D ydoxh0dgghg gh dwru lv frqvwuxfwhg e| frqyhuwlqj wkh udwlr ri fxuuhqw wr frqvwdqw sulfh

ydoxh0dgghg iurp wkh rog VWDQ gdwdedvh iurp wkh LVLF/ Uhy1 5 lqgxvwu| fodvvl�fdwlrq

wr LVLF/ Uhy1 6 xvlqj dq dssur{lpdwh frqyhuvlrq vfkhph surylghg e| wkh RHFG1 Zkhq

vhyhudo LVLF/ Uhy1 5 lqgxvwulhv kdyh wr eh djjuhjdwhg wr pdwfk dq LVLF/ Uhy1 6 lqgxvwu|/

vkduhv lq wkh frqvwdqw sulfh ydoxh0dgghg ri wkh djjuhjdwh lqgxvwu| duh xvhg dv zhljkwv1

Wkh gdwd lv dxjphqwhg zlwk vhulhv iurp wkh Jhupdq Ihghudo Vwdwlvwlfdo R!fh iru wkh

xql�hg frxqwu|1

D jurvv rxwsxw gh dwru qrw ehlqj dydlodeoh wkurxjk wkh RHFG/ surgxfhu sulfh lqglfhv

iurp wkh Ihghudo Vwdwlvwlfdo R!fh duh xvhg lqvwhdg1 Vlqfh hdfk lqgxvwu| pljkw dgglwlrq0

doo| surgxfh jrrgv rwkhu wkdq lwv pdlq surgxfw/ lw zrxog eh ghvludeoh wr frpelqh wkh

fruuhvsrqglqj sulfh lqglfhv/ zhljkwlqj wkhp zlwk gdwd iurp rxwsxw wdeohv1 Krzhyhu/

d frpsdulvrq ri wkh �udz� sulfhv zlwk zhljkwhg lqglfhv iurp Eùqwh +4<<:, vkrzv wkdw

wkh| duh yhu| vlplodu1 Wkhlu fruuhodwlrq diwhu ghwuhqglqj e| uhjuhvvlqj hdfk vhulhv rq d

frqvwdqw dqg d wuhqg lv kljkhu wkdq f�bb iru doo vhulhv exw rqh/ iru zklfk lw lv f�bH� Zlwk

wklv mxvwl�fdwlrq xqzhljkwhg surgxfhu sulfh lqglfhv duh xvhg lqvwhdg1

Xqiruwxqdwho|/ wkh frqyhuvlrq iurp wkh Jhupdq Z]:< lqgxvwu| fodvvl�fdwlrq wr LVLF/

Uhy1 5 lv udwkhu fuxgh/ dv wkh frqyhuvlrq vfkhph surylghg e| wkh Ihghudo Vwdwlvwlfdo

R!fh rqo| lqglfdwhv zkhwkhu d sduwlfxodu Z]:3 lqgxvwu| hqwhuv lqwr d sduwlfxodu LVLF/

Uhy1 5 lqgxvwu| zlwkrxw surylglqj d shufhqwdjh1 Wkhuhiruh/ wkh sulfh lqgh{ ri vrph

Z]:<0lqgxvwulhv duh lqfoxghg lqwr wkh sulfh lqglfhv ri vhyhudo gl�huhqw LVLF/ Uhy1 5

lqgxvwulhv1 Gxh wr wkh odfn ri jurvv rxwsxw dw frqvwdqw sulfhv/ vkduhv lq fxuuhqw sulfh

jurvv rxwsxw ri wkh djjuhjdwh lqgxvwu| duh xvhg dv zhljkwv1 Wkh gdwd lv dxjphqwhg zlwk

jurvv rxwsxw gh dwruv lpsolflw lq jurvv rxwsxw gdwd iru xql�hg Jhupdq| surylghg e| wkh

Ihghudo Vwdwlvwlfdo R!fh1

Iru Jhupdq| rqo| wrwdo hpsor|phqw lv dydlodeoh/ vr wkh qxpehu ri vhoi0hpsor|hg

kdv wr eh hvwlpdwhg1 Wklv lv grqh e| xvlqj wkh dyhudjh vkduh ri wkh vhoi0hpsor|hg lq

548



wrwdo hpsor|phqw dv dssduhqw lq wkh VWDQ gdwd iru doo ri Jhupdq| edvhg rq LVLF/

Uhy1 61 Dvvxplqj wkdw wklv shufhqwdjh zdv dssur{lpdwho| wkh vdph lq Zhvw0Jhupdq|

hyhq ehiruh 4<<4 dqg wkdw lw zdv frqvwdqw ryhu wlph/ wkh vkduh fdq eh xvhg wr fdofxodwh

wkh qxpehu ri vhoi0hpsor|hg zlwk wkh wrwdo hpsor|phqw vhulhv surylghg e| wkh GLZ1

Dowkrxjk wkhvh pd| vhhp wr eh duelwudu| dvvxpswlrqv/ lw wxuqv rxw wkdw wkh WIS jurzwk

phdvxuh fkdqjhv rqo| voljkwo| zkhq wkh oderu vkduh lv fruuhfwhg iru wkh hvwlpdwhg lqfrph

ri wkh vhoi0hpsor|hg1 Pruhryhu/ dowkrxjk gdwd iurp wkh Ihghudo Vwdwlvwlfdo R!fh kdv

qrw ehhq xvhg/ ehfdxvh iru pdq| lqgxvwulhv wkh frqyhuvlrq iurp Z]:< wr LVLF6 vhhpv

wrr urxjk/ wkh hvwlpdwh ghvfulehg deryh suryhv wr eh txlwh forvh iru wkrvh lqgxvwulhv iru

zklfk wkhuh lv d rqh0wr0rqh pdwfk1

Wkh Jhupdq gdwd grhv qrw lqfoxgh wkh uhf|folqj lqgxvwu|1 Gdwd iurp lqgxvwu| 69

lv dvvxphg wr eh d uhdvrqdeoh sur{| iru 6906:/ vlqfh wkh uhf|folqj lqgxvwu| lv w|slfdoo|

udwkhu vpdoo1

Uhvhdufk dqg Ghyhorsphqw Gdwd D frqyhqlhqw ihdwxuh ri wkh VWDQ gdwdedvhv

erwk rog dqg qhz lv wkdw wkh| duh frpsohwho| frpsdwleoh zlwk wkh RHFG DQEHUG

dqg DQVUH gdwdedvhv +RHFG 4<<<, zklfk fryhu lqwudpxudo exvlqhvv h{shqglwxuh rq

uhvhdufk dqg ghyhorsphqw dqg U)G shuvrqqho uhvshfwlyho|1 Wkh uhvhdufk dqg ghyhors0

phqw h{shqglwxuh gdwd edvhg rq wkh LVLF/ Uhy1 6 lqgxvwu| fodvvl�fdwlrq lv dydlodeoh iru

wkh wlph vsdq 4<;:04<<92: rqo|1 Krzhyhu/ dw ohdvw wkh vhulhv iru pdqxidfwxulqj lqgxv0

wulhv fdq eh h{sdqghg zlwk gdwd rq uhvhdufk dqg ghyhorsphqw h{shqglwxuh edvhg rq wkh

LVLF/ Uhy1 5 lqgxvwu| fodvvl�fdwlrq zklfk fryhuv 4<:304<<:1 Xvlqj d frqyhuvlrq vfkhph

surylghg e| wkh RHFG lw wxuqv rxw wkdw wkh LVLF/ Uhy1 5 vhulhv pdwfk wkh LVLF/ Uhy1 6

vhulhv rqh0wr0rqh iru prvw lqgxvwulhv dqg frxqwulhv1 Wkh DQEHUG 5333 gdwdedvh lv xvhg

wr h{sdqg wkh vhulhv wr 4<<; +RHFG 5333d,1 Lw vkrxog eh qrwhg wkdw wkh Lwdoldq gdwd

surylghg e| wkh RHFG lqfoxghv h{wudpxudo U)G h{shqglwxuh zkloh hyhu| rwkhu frxqwu|

uhsruwv lqwudpxudo U)G h{shqglwxuh rqo|1

U)G fdslwdo vwrfnv duh fdofxodwhg xvlqj wkh shushwxdo lqyhqwru| phwkrg=
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-�E|n�� ' U-�| n E�� Bo�-�| +G15,

zkhuh U-�| lv shulrg | uhvhdufk dqg ghyhorsphqw h{shqglwxuh lq lqgxvwu| �cdqg -�| lv wkh

U)G fdslwdo vwrfn ri lqgxvwu| � lq shulrg |1 Wkh lqyhvwphqw vhulhv duh gh dwhg zlwk wkh

uhvshfwlyh frxqwu|*v JGS0Gh dwru dqg wkh ghsuhfldwlrq udwh Bo lv dvvxphg wr eh �2I�

Wkh lqlwldo fdslwdo vwrfn lv fdofxodwhg dv -f '
U-�f

7}-nBo
zkhuh 7}- lv wkh dyhudjh jurzwk udwh

ri U)G0h{shqglwxuhv ryhu wkh vdpsoh shulrg1

Zkloh wkh frqyhuvlrq ri U)G gdwd lq LVLF/ Uhy1 5 suryhv wr eh d shuihfw pdwfk wr

LVLF/ Uhy1 6 gdwd lq prvw fdvhv/ rffdvlrqdo gl!fxowlhv kdyh wr eh ryhufrph iru vrph

lqgxvwulhv1 Vhsdudwh U)G gdwd iru wkh XV zrrg lqgxvwu| lv qrw dydlodeoh lq wkh Dqehug

5333 gdwd edvhg rq LVLF/ Uhy1 61 Lqvwhdg/ gdwd iru wkh zrrg dqg wkh sdshu dqg sxeolvklqj

dqg sulqwlqj lqgxvwu| lv uhsruwhg dv dq djjuhjdwh1 Glvdjjuhjdwhg gdwd iru wzr lqgxvwulhv

lv hvwlpdwhg e| frqyhuwlqj wkh DQEHUG 4<<< gdwd edvhg rq LVLF/ Uhy1 5 zlwk dq RHFG

frqyhuvlrq vfkhph wr LVLF/ Uhy1 61 Wkh 4<<: ydoxh iru wkh sdshu dqg sxeolvklqj lqgxvwu|

lv fdofxodwhg dv wkh U)G lqyhvwphqw ri wkh djjuhjdwh lqgxvwu| dv dssduhqw lq wkh LVLF/

Uhy1 6 gdwd ri DQEHUG 5333 plqxv wkh dyhudjh gl�huhqfh ehwzhhq wkh U)G lqyhvwphqw

lq wklv lqgxvwu| djjuhjdwh dqg wkh U)G lqyhvwphqw ri wkh sdshu dqg sxeolvklqj lqgxvwu|

lq suhylrxv |hduv1 Wkh U)G lqyhvwphqw lq wkh zrrg lqgxvwu| iru wklv |hdu lv wkh uhvlgxdo1

Frqyhuwlqj Mdsdqhvh LVLF/ Uhy1 5 gdwd iru lqgxvwu| jurxs 6906:/ lw wxuqv rxw wkdw

wkh frqyhuwhg U)G lqyhvwphqw lv pxfk kljkhu wkdq wkh gdwd surylghg gluhfwo| lq LVLF/

Uhy1 61 Wklv lv fhuwdlqo| gxh wr wkh idfw/ wkdw wkh RHFG frqyhuvlrq vfkhph lv rqo|

dssur{lpdwh1 Wkh frqyhuwhg vhulhv lv fruuhfwhg zlwk lwv dyhudjh gl�huhqfh ryhu 4<;:04<<6

wr wkh fruuhvsrqglqj U)G lqyhvwphqw vhulhv surylghg lq DQEHUG gdwd edvhg rq LVLF/

Uhy1 6 wr rewdlq gdwd iru wkh |hduv ehiruh 4<;:1

Iru Jhupdq| DQEHUG gdwd edvhg rq LVLF/ Uhy1 6 +DQEHUG 6, lv dydlodeoh iru wkh

xql�hg frxqwu| rqo|/ zkloh DQEHUG gdwd edvhg rq LVLF/ Uhy1 5 +DQEHUG 5, iru Zhvw0

Jhupdq| dqg xql�hg Jhupdq| fdq eh frpsduhg iru 4<<4 wr 4<<61 Lw vkrxog eh qrwhg wkdw

rqo| d vpdoo iudfwlrq ri Jhupdq|*v uhvhdufk dqg ghyhorsphqw lv frqgxfwhg lq wkh Hdvw0

54:



Jhupdq Oçqghu/ dowkrxjk wkh shufhqwdjh kdv lqfuhdvhg vrph iurp 61:; ( lq 4<<4 wr 81<<

( lq 4<<: +Vwliwhuyhuedqg i u glh ghxwvfkhZlvvhqvfkdiw 4<<<,1 Lq sulqflsoh/ wkh gl�huhqfh

ehwzhhq gdwd iru Jhupdq| dqg Zhvw0Jhupdq gdwd frxog eh qhjohfwhg/ dqg DQEHUG

6 gdwd frxog eh xvhg wr dssur{lpdwh wkh U)G lqyhvwphqw ri Zhvw0Jhupdq lqgxvwulhv1

Qrw rqo| grhv wkh vl}h ri Hdvw0Jhupdq U)G lqyhvwphqw vhhp wr eh qhjoljhdeoh/ exw lw lv

dovr yhu| gl!fxow wr dvvljq uhvhdufk dqg ghyhorsphqw h{shqglwxuhv wr d vshfl�f Jhupdq

uhjlrq1 Lq idfw/ zkhq frpsdulqj Zhvw0Jhupdq dqg Jhupdq gdwd surylghg lq DQEHUG

5/ lw wxuqv rxw wkdw wkh Zhvw0Jhupdq U)G lqyhvwphqw lv kljkhu iru vhyhudo lqgxvwulhv

dffruglqj wr wkh gdwd/ lq wkh fdvh ri wkh irrg lqgxvwu| lq 4<<7 wklv gl�huhqfh hyhq

dprxqwv wr pruh wkdq 53(1 Wkhuhiruh/ lw grhv qrw vhhp xvhixo wr xvh wkh lqirupdwlrq

frqwdlqhg lq wklv gdwd wr fruuhfw wkh U)G h{shqglwxuh ri odwhu |hduv iru wkh lqfoxvlrq ri

Hdvw0Jhupdq U)G1 Udwkhu/ DQEHUG 6 gdwd iurp DQEHUG 4<<< dqg DQEHUG 5333

iru hdfk lqgxvwu| lv fruuhfwhg zlwk wkh shufhqwdjh gl�huhqfh ri Hdvw0 dqg Zhvw0Jhupdq

U)G dv hylghqfhg lq wkh Vwliwhuyhuedqg i u glh ghxwvfkh Zlvvhqvfkdiw*v +4<<<, gdwd1

Vlqfh wkh Vwliwhuyhuedqg froohfwv gdwd iru rgg |hduv rqo|/ L xvh olqhdu lqwhusrodwlrq wr

hvwlpdwh shufhqwdjh gl�huhqfhv iru 4<<7 dqg 4<<91 L dvvxph wkdw wkh jurzwk udwh ri wkh

shufhqwdjh gl�huhqfh lv wkh vdph lq 4<<; dv lw zdv lq 4<<: wr rewdlq dq hvwlpdwh iru 4<<;1

Vslooryhu Yduldeohv= Iru wkh frqvwuxfwlrq ri zhljkwv iru wkh grphvwlf vslooryhu

yduldeoh/ lqsxw0rxwsxw wdeohv phdvxulqj lqwhuphgldwh jrrgv  rzv iru hdfk ri wkh frxq0

wulhv lq wkh vdpsoh duh surylghg e| wkh RHFG +RHFG 4<<8,1 Lq dgglwlrq wr wrwdo lqwhu0

phgldwh jrrgv  rzv/ wdeohv zlwk lpsruwhg lqwhuphgldwh jrrgv dqg grphvwlfdoo| wudghg

jrrgv rqo| duh dydlodeoh1 Lqsxw0rxwsxw wdeohv iru grphvwlf jrrgv  rzv duh hpsor|hg wr

fdofxodwh wkh zhljkwv1 Wkh RHFG wdeohv duh edvhg rq LVLF/ Uhy1 5 vr wkh| kdyh wr

eh frqyhuwhg wr pdwfk wkh U)G fdslwdo vwrfnv1 Wklv lv grqh xvlqj d frqyhuvlrq vfkhph

surylghg e| wkh RHFG1

Wkh RHFG grhv qrw fxuuhqwo| xsgdwh lwv lqsxw0rxwsxw wdeohv/ vr wkh wdeohv duh qhyhu

pruh uhfhqw wkdq 4<<41 Jhupdq| surylghv gdwd iru 4<;9/ 4<;; dqg 4<<4/ Fdqdgd iru

4<;4/ 4<;9/ 4<<3/ Iudqfh dqg Mdsdq iru 4<;3/ 4<;8 dqg 4<<3/ dqg wkh XV iru 4<;5/ 4<;8
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dqg 4<<3/ zkloh iru Lwdo| dq lqsxw0rxwsxw wdeoh iru 4<;8 rqo| lv dydlodeoh1 Iru hdfk

ri wkhvh frxqwulhv/ lqsxw0rxwsxw frh!flhqwv iru doo ri wkhvh |hduv duh frqvwuxfwhg1 Wkh

dyhudjh ri wkh frh!flhqwv lq wkh wkuhh gl�huhqw |hduv lv xvhg wr fdofxodwh /��1 Zkhq

dydlodeoh/ lqsxw0rxwsxw wdeohv lq frqvwdqw sulfhv duh xvhg1 Krzhyhu/ iru Lwdo| dqg wkh XV

lqsxw0rxwsxw wdeohv duh dydlodeoh lq fxuuhqw sulfhv rqo|1

Wkh gldjrqdo ri hdfk lqsxw0rxwsxw frh!flhqw pdwul{ lv vhw wr }hur/ vlqfh hdfk lq0

gxvwu|*v U)G fdslwdo vwrfn hqwhuv lwv frvw ixqfwlrq dv d vhsdudwh yduldeoh1 Wkhuhiruh/

lw vkrxog qrw eh lqfoxghg dgglwlrqdoo| lq wkh grphvwlf vslooryhu yduldeoh1 Lq wkh fdvh ri

Jhupdq|/ wkh udglr/ whohylvlrq dqg frppxqlfdwlrq htxlsphqw lqgxvwu| lv odfnlqj lq wkh

lqsxw0rxwsxw wdeohv1 Gxh wr d odfn ri d ehwwhu dowhuqdwlyh wr wdfnoh wklv sureohp/ lw lv

dvvxphg wkdw qr vslooryhuv vwhp iurp wklv lqgxvwu|1

Vlqfh vrph lqgxvwulhv duh djjuhjdwhg lq wkh hpslulfdo dqdo|vlv gxh wr gdwd olplwdwlrqv/

wkh fruuhvsrqglqj vslooryhu yduldeohv kdyh wr eh djjuhjdwhg dv zhoo1 Wklv lv grqh e|

zhljkwlqj hdfk vslooryhu yduldeoh zlwk wkh udwlr ri pdwhuldo lqsxwv xvhg lq wklv lqgxvwu|

wr pdwhuldo lqsxwv ri wkh djjuhjdwh lqgxvwu|1 Wkhvh zhljkwv wdnh dffrxqw ri wkh uhodwlyh

vl}h ri lqwhu0lqgxvwu| wudgh dv d wudqvplvvlrq fkdqqho iru hdfk lqgxvwu| wr eh djjuhjdwhg1

Lqwud0Lqgxvwu| Vslooryhuv= Wkh lpsruw vkduhv duh frqvwuxfwhg gudzlqj rq Ihhq0

vwud*v +5333, gdwd ri lpsruw  rzv ryhu wkh shulrg 4<;304<<:1 Wklv gdwdedvh lv edvhg rq

wkh Vwdqgdug Lqwhuqdwlrqdo Wudgh Fodvvl�fdwlrq +VLWF, ri wkh Xqlwhg Qdwlrqv1 Lw txdq0

wl�hv lpsruwv ri gl�huhqw nlqgv ri jrrgv1 Krzhyhu/ lw lv srvvleoh wr dvvljq hdfk w|sh ri

jrrg wr d sduwlfxodu lqgxvwu|1 Lq idfw/ wkh Ihhqvwud gdwdedvh dovr lqfoxghv wdeohv edvhg

rq wkh XV Vwdqgdug Lqgxvwu| Fodvvl�fdwlrq1 D frqyhuvlrq vfkhph surylghg e| wkh RHFG

lv xvhg wr frqyhuw wklv gdwd wr LVLF/ Uhy1 61

Wlph0lqyduldqw lpsruw0vkduhv duh frqvwuxfwhg dyhudjlqj wkh lpsruw0vkduhv ryhu 4<;30

4<<:1

Lqwhu0Lqgxvwu| Vslooryhuv= Lpsruw lqsxw0rxwsxw pdwulfhv surylghg e| wkh RHFG

+RHFG 4<<8, duh xvhg wr frqvwuxfw zhljkwv iru wkh lqwhu0lqgxvwu| vslooryhu yduldeoh1

Wkh frh!flhqwv duh fdofxodwhg lq d pdqqhu frpsohwho| dqdorjrxv wr wkh lqsxw0rxwsxw
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frh!flhqwv iru wkh grphvwlf vslooryhu yduldeoh1 Wlph0lqyduldqw frh!flhqwv duh rewdlqhg

e| dyhudjlqj ryhu doo |hduv lq wkh vdpsoh shulrg 4<;304<<;/ iru zklfk lqsxw0rxwsxw wdeohv

duh dydlodeoh1 Gdwd dydlodelolw| lv wkh vdph dv iru wkh grphvwlf vslooryhu yduldeoh1 Djdlq/

lqsxw0rxwsxw wdeohv lq fxuuhqw sulfhv kdyh wr eh xvhg iru Lwdo| dqg wkh XV1 Wkh gldjrqdo

ri hdfk lqsxw0rxwsxw frh!flhqw pdwul{ lv vhw wr }hur wr dyrlg grxeoh0frxqwlqj1
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