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Dfnqrzohgjhphqwv

Hvshfldoo|/ L zrxog olnh wr wkdqn Suri1 Wloo Uhtxdwh iru klv vxssruw dqg dg0

ylfh gxulqj wkh zulwlqj ri wklv grfwrudo wkhvlv1 Klv vxjjhvwlrqv dqg fulwlfdo

frpphqwv kdyh juhdwo| lpsuryhg wkh txdolw| ri wklv wkhvlv1 Ehvlghv/ L zrxog

olnh wr wkdqn klp iru hqfrxudjlqj ph wr suhvhqw sduwv ri wklv wkhvlv dw lqwhu0

qdwlrqdo frqihuhqfhv zklfk dovr gholyhuhg vwlpxodwlqj lqsxw1

L zrxog dovr olnh wr wkdqn Suri1 Folyh Ehoo iru klv yhu| ydoxdeoh frpphqwv

dqg khosixo vxjjhvwlrqv1

Odvw exw qrw ohdvw/ L dp judwhixo wr doo p| froohdjxhv dw wkh Lqwhuglvflsolqdu|

Lqvwlwxwh iru Hqylurqphqwdo Hfrqrplfv dv zhoo dv wkh phpehuv ri wkh Judg0

xdwh Surjudpph lq Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv iru wkhlu khosixo

frpphqwv dw doo vwdjhv ri wklv uhvhdufk1 Htxdoo| lpsruwdqw/ L zrxog olnh wr

wkdqn wkhp doo iru surylglqj prwlydwlrq gxulqj rxu idprxv �Nyj�0vhvvlrqv1

Lq sduwlfxodu/ L dp lqghewhg wr Kdudog Wdxfkpdqq iru klv prudo vxssruw dqg

sdwlhqfh1

Khlghoehuj/ Rfwrehu 5334 Vxvdqqh Nolpsho





Frqwhqwv

4 Lqwurgxfwlrq 4

5 Folpdwh fkdqjh :
514 Vflhqwl�f edfnjurxqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

51414 Ghyhorsphqw dqg rujdql}dwlrqdo vwuxfwxuh ri lqwhuqd0

wlrqdo folpdwh fkdqjh uhvhdufk dqg srolf| 1 1 1 1 1 1 1 1 :

51415 Ghyhorsphqw ri vflhqwl�f nqrzohgjh rq folpdwh fkdqjh ;

51416 Wkh suhvhqw vwdwxv ri vflhqwl�f nqrzohgjh rq folpdwh

fkdqjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

515 Lpsolfdwlrqv iru prghoolqj folpdwh ulvn 1 1 1 1 1 1 1 1 1 1 1 1 1 44

51514 Hqgrjhqlw| ri folpdwh ulvn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

51515 Vxemhfwlylw| ri folpdwh ulvn dvvhvvphqwv 1 1 1 1 1 1 1 1 1 45

51516 Lqfrpsohwh lqirupdwlrq zlwk uhvshfw wr folpdwh ulvn dv0

vhvvphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

51517 Uhjlrqdo glyhuvlw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

6 Xqnqrzq Ulvnv 4:
614 Lqwurgxfwlrq wr Xqnqrzq Ulvnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

615 Wkh 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 53

616 Surshuwlhv ri Frqwlqjhqw Pdunhw Htxloleulxp 1 1 1 1 1 1 1 1 1 1 56

617 Hfrqrplhv zlwk Vhfxulwlhv dqg Pxwxdo Lqvxudqfh 1 1 1 1 1 1 1 1 57

618 Vxssruwlqj Frqwlqjhqw Pdunhw Htxloleuld 1 1 1 1 1 1 1 1 1 1 1 1 5:

619 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;

7 Qhz ghyhorsphqwv rq �qdqfldo pdunhwv 64
714 Zhdwkhu ghulydwlyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
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71414 Ghyhorsphqw ri pdunhwv iru zhdwkhu ulvn 1 1 1 1 1 1 1 1 64

71415 Ghvfulswlrq ri zhdwkhu ghulydwlyhv lqvwuxphqwv 1 1 1 1 1 66

71416 Frpsdulvrq ri zhdwkhu ghulydwlyhv dqg folpdwh vhfxulwlhv 6;

715 Lqvxudqfh ghulydwlyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

71514 Klvwru| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

71515 SFV Rswlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

71516 Frpsdulvrq ri lqvxudqfh ghulydwlyhv dqg folpdwh vhfx0

ulwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

716 Vhfxulwl}dwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

71614 Vhfxulwl}dwlrqv ri zhdwkhu ulvn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

71615 Vhfxulwl}dwlrqv ri fdwdvwurskh ulvn 1 1 1 1 1 1 1 1 1 1 1 1 78

71616 Frpsdulvrq zlwk folpdwh vhfxulwlhv 1 1 1 1 1 1 1 1 1 1 1 79

717 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

8 Lqfrpsohwh Lqirupdwlrq derxw W|shv 7<
814 Wkh Edvlf 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 83

81414 Xqfhuwdlqw| zlwk uhvshfw wr wkh folpdwh vwdwh 1 1 1 1 1 1 84

81415 Lqfrpsohwh lqirupdwlrq derxw frxqwulhv* w|shv 1 1 1 1 1 84

81416 Wkh dedwhphqw ghflvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

81417 Wkh sruwirolr ghflvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

81418 Wkh jhqhudo vwuxfwxuh ri wkh uhvxowlqj Ed|hvldq Jdphv 93

815 Qr Vhfxulw| Pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

81514 Wkh Ed|hvldq Jdph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

81515 Ed|hvldq Htxloleuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

81516 H!flhqf| 1 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

816 Xquhjxodwhg vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

81614 Wkh Ed|hvldq Jdph zlwk xquhjxodwhg vhfxulwlhv 1 1 1 1 99

81615 Ed|hvldq Htxloleuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

81616 Wkh h�hfw ri vhfxulw| pdunhwv rq wkh htxloleulxp frq0

glwlrqv 1 1 1 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

81617 Wkh h�hfw ri vhfxulw| pdunhwv rq djjuhjdwh dedwhphqw :6

817 Uhjxodwhg Vhfxulw| Pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

81714 Uhjxodwlrq 1 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

81715 Wkh Ed|hvldq Jdph zlwk uhjxodwhg vhfxulwlhv 1 1 1 1 1 :;
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81716 Ed|hvldq Htxloleuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

81717 Wkh h�hfw ri vhfxulw| pdunhwv rq wkh htxloleulxp frq0

glwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

81718 Wkh h�hfw ri vhfxulw| pdunhwv rq djjuhjdwh dedwhphqw ;5

818 Yduldwlrqv ri wkh edvlf prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

81814 Grplqdqw vwudwhj| htxloleulxp lq wkh devhqfh ri vhfx0

ulw| pdunhwv 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

81815 Dq dowhuqdwlyh uhjxodwlrq vfkhph 1 1 1 1 1 1 1 1 1 1 1 1 ;7

819 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

9 Looxvwudwlrq <4
914 Htxloleulxp uhjlrqv iru wzr frxqwulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

91414 Qr vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

91415 Xquhjxodwhg vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

91416 Uhjxodwhg vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

915 H{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

91514 Phdvxuhv ri ulvn dyhuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43:

91515 H{srqhqwldo xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;

91516 Udpvh| xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445

91517 Orjdulwkplf xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

91518 Txdgudwlf Xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

91519 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;

: H{whqvlrqv dqg Olplwv 454
:14 H{whqvlrq wr hqgrjhqrxv suredelolwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454

:1414 Prghoolqj hqgrjhqlw| ri folpdwh vwdwh suredelolwlhv 1 1 455

:1415 Qr Vhfxulw| Pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457

:1416 Xquhjxodwhg vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

:1417 Uhjxodwhg vhfxulw| pdunhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

:1418 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

:15 Khwhurjhqhrxv frxqwulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

:1514 Khwhurjhqlw| zlwk uhvshfw wr �uvw shulrg sdudphwhuv 1 1 466

:1515 Khwhurjhqlw| zlwk uhvshfw wr vhfrqg dqg wklug shulrg

sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466
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:1516 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

; Hqgrjhqrxv suredelolwlhv 468
;14 Hqgrjhqrxv suredelolwlhv lq wkh olwhudwxuh 1 1 1 1 1 1 1 1 1 1 1 1 468

;15 Wkh 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 46;

;1514 Edvlfv ri wkh Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46<

;1515 Wkh dedwhphqw ghflvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473

;1516 Wkh sruwirolr ghflvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

;1517 Vhfxulw| pdunhw htxloleulxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 478

;1518 Wrwdo xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 479

;16 Wkh jdph zlwkrxw folpdwh vhfxulwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;

;1614 Wrwdo xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;

;1615 Wkh h�hfw ri djjuhjdwh hplvvlrqv rq h{shfwhg xwlolw|

iurp wklug shulrg hqgrzphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;

;1616 Qrq0frrshudwlyh ehkdylrxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47<

;1617 Olqhdu suredelolw| ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486

;17 Wkh jdph zlwk folpdwh vhfxulwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488

;1714 Wrwdo xwlolw| 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

;1715 Wkh h�hfw ri djjuhjdwh hplvvlrqv rq h{shfwhg wklug sh0

ulrg xwlolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 489

;1716 Qrq0frrshudwlyh ehkdylrxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;

;1717 Olqhdu suredelolw| ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<

;18 Wkh h�hfw ri vhfxulwlhv rq qrq0frrshudwlyh ehkdylrxu 1 1 1 1 1 493

;1814 Hplvvlrq ohyhov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493

;1815 Zhoiduh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494

;19 H{dpsohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495

;1914 Dgglwlrqdo dvvxpswlrqv dqg ixqfwlrqdo vshfl�fdwlrqv 1 495

;1915 Wkh h�hfw ri vhfxulw| pdunhwv rq htxloleulxp hplvvlrq

ohyhov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497

;1916 Zhoiduh H�hfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49<

;1917 Wkh lqgluhfw xwlolw| ixqfwlrqv dqg wkhlu ghfrpsrvlwlrq 1 4:3

;1: Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8

< Frqfoxvlrqv 4::
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Fkdswhu 4

Lqwurgxfwlrq

Vlqfh wkh 4<;3*v wkh skhqrphqrq ri srwhqwldo folpdwh fkdqjh ru �joredo

zduplqj� kdv ehhq rqh ri wkh suhgrplqdqw wrslfv lq hqylurqphqwdo hfr0

qrplfv1 Xqfhuwdlqw| lv rqh ri wkh pdlq fkdudfwhulvwlfv ri folpdwh fkdqjh

vlqfh pdq| lpsruwdqw vflhqwl�f uhodwlrqvklsv duh qrw |hw zhoo hqrxjk xqghu0

vwrrg1 Lq sduwlfxodu/ zh fdqqrw eh vxuh krz h{dfwo| dqwkursrjhqlf hplvvlrqv

ri juhhqkrxvh jdvhv zloo d�hfw ixwxuh folpdwh1 Ixuwkhupruh/ wkh hfrqrplf

dqg vrfldo lpsdfwv ri wkh xqfhuwdlq ixwxuh ghyhorsphqw ri wkh folpdwh duh

dovr kljko| xqfhuwdlq1

Idflqj wkh ulvnv dvvrfldwhg zlwk joredo zduplqj gl�huhqw w|shv ri uh0

vsrqvh frxog eh wdnhq1 Wkh prvw surplqhqw rqhv duh plwljdwlrq/ dgdswdwlrq

dqg lqvxudqfh14 Plwljdwlrq phdqv wdnlqj phdvxuhv wr suhyhqw gdpdjhv iurp

rffxuulqj ru wr uhgxfh wkh suredelolw| ri wkhlu rffxuuhqfh/ l1h1 dedwhphqw ri

juhhqkrxvh jdv hplvvlrqv1 Qrwh wkdw gxh wr kxpdq dfwlylw|/ lqfoxglqj plw0

ljdwlrq dfwlylw|/ folpdwh xqfhuwdlqw| lv hqgrjhqrxv xqfhuwdlqw|1 Dgdswdwlrq

lv frqfhuqhg zlwk plqlpl}lqj wkh lpsdfw ri joredo zduplqj/ jlyhq wkdw lw

rffxuv1 Lq frqwudvw/ wkh lqvxudqfh dssurdfk grhv qrw dwwhpsw wr lq xhqfh

gdpdjhv lq dq| zd|/ lw phuho| duudqjhv iru frpshqvdwlrq lq fdvh ri gdpdjh

kdylqj rffxuuhg1 Wkh whup �lqvxudqfh� lv khuh xvhg lq d eurdg vhqvh/ lqfoxg0

lqj doo lqvwuxphqwv wkdw hqdeoh djhqwv wr wudqvihu lqfrph ehwzhhq gl�huhqw

vwdwhv ri wkh zruog1 Lqvxudqfh fdq eh dgydqwdjhrxv li/ iru h{dpsoh/ wkh sdu0

wlhv lqyroyhg duh d�hfwhg gl�huhqwo| e| joredo zduplqj ru li wkhlu dvvhvvphqwv

4Fi1 Fklfkloqlvn| ^4<<7`/ s1 4351
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5 FKDSWHU 41 LQWURGXFWLRQ

ri folpdwh xqfhuwdlqw| gl�hu1 Wkh odwwhu vlwxdwlrq zloo eh d fhqwudo lvvxh lq

Fkdswhuv 8 wr : ehorz1

Xs wr gdwh/ dwwhqwlrq kdv/ txlwh uljkwixoo|/ frqfhqwudwhg rq plwljdwlrq

dfwlylw|1 Lq wklv frqwh{w/ wkh N|rwr Surwrfro zdv dq lpsruwdqw vwhs wr0

zdugv lqwhuqdwlrqdo frrshudwlrq zlwk uhvshfw wr plwljdwlrq ri folpdwh fkdqjh/

l1h1 dedwhphqw ri juhhqkrxvh jdvhv1 Krzhyhu/ wkh surfhvv ri lwv udwl�fd0

wlrq dqg wkhuhdiwhu lpsohphqwdwlrq kdv ehhq vhhq wr eh h{wuhpho| ohqjwk|

dqg frqwuryhuvldo gxulqj wkh sdvw ihz |hduv1 Diwhu wkh hohfwlrq ri Jhrujh

Z1 Exvk dv Suhvlghqw ri wkh Xqlwhg Vwdwhv lq Mdqxdu| 5334 lw ehfdph hyhq

pruh grxewixo zkhwkhu wkh N|rwr Surwrfro zrxog hyhu eh udwl�hg e| d vx!0

flhqw qxpehu ri lqgxvwuldol}hg frxqwulhv1 Vxevhtxhqwo|/ wkh dgplqlvwudwlrq ri

Suhvlghqw Exvk vwdwhg wkdw lw kdg �qr lqwhuhvw lq fduu|lqj rxw wkh vr0fdoohg

N|rwr Surwrfro/�5 vxevwdqwldoo| wkuhdwhqlqj wkh surfhvv ri plwljdwlrq zlwklq

wkh iudphzrun ri wkh N|rwr Surwrfro1

Dw suhvhqw/ lw vhhpv wkdw wklv gl!fxow| zdv ryhufrph dw wkh uhvxphg Vl{wk

Frqihuhqfh ri wkh Sduwlhv wr wkh Xqlwhg Qdwlrqv Iudphzrun Frqyhqwlrq rq

Folpdwh Fkdqjh +FRS905, vwdjhg lq Erqq lq Mxo| 53341 Dowkrxjk wkh Xqlwhg

Vwdwhv glg qrw fkdqjh wkhlu srvlwlrq/ d vx!flhqw qxpehu ri lqgxvwuldol}hg

frxqwulhv h{suhvvhg wkhlu lqwhqwlrq wr udwli| wkh N|rwr Surwrfro1 Krzhyhu/

wkh frpsurplvh djuhhg rq dw FRS905 lq Erqq frxog rqo| eh rewdlqhg dw wkh

frvw ri d ixuwkhu vodfnhqlqj ri wkh uhtxluhg hplvvlrq wdujhwv/ hlwkhu gluhfwo| ru

lqgluhfwo|/ iru vrph ri wkh nh| frxqwulhv dv/ iru h{dpsoh/ Mdsdq1 Lq dgglwlrq/

wkh N|rwr surfhvv vwloo uhpdlqv yhu| iudjloh dv orqj dv wkh udwl�fdwlrq surfhvv

kdv qrw ehhq frpsohwhg1

Wkhuhiruh/ dowhuqdwlyh ru vxssohphqwdu| frqfhswv pxvw qrw eh qhjohfwhg1

Wklv grfwrudo wkhvlv lqwurgxfhv/ dqdo|vhv dqg glvfxvvhv vxfk d frqfhsw1 Lw

irfxvhv rq wkh uhodwlrq ehwzhhq wkh lqvxudqfh dqg wkh plwljdwlrq dssurdfk

dqg vwxglhv wkh lpsdfw ri lqvxudqfh lqvwuxphqwv rq plwljdwlrq ri folpdwh

fkdqjh16 Wkh pdlq fkdudfwhulvwlf ri wkh �qdqfldo lqvwuxphqwv frqvlghuhg

ehorz/ fdoohg �folpdwh vhfxulwlhv/�7 lv wkdw wkhlu sd|r� ghshqgv rq wkh ixwxuh

5Vhh Phoohu ^5334`1
6Wkh dgdswdwlrq dssurdfk lv qrw vwxglhg khuh1
7Qrwh wkdw wkh h{suhvvlrq �folpdwh vhfxulwlhv� vwhpv iurp wkh idfw wkdw wkhvh lqvwux0

phqwv duh gh�qhg lq dqdorj| wr �Duurz vhfxulwlhv�1 Vxfk lqvwuxphqwv zhuh �uvw lqwurgxfhg
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vwdwh ri wkh folpdwh/ l1h1 rq d vhw ri folpdwh0uhohydqw gdwd1 Eurdgo| vshdnlqj/

ex|lqj ru vhoolqj vxfk dvvhwv dprxqwv wr �ehwwlqj rq wkh folpdwh vwdwh1�

Xs wr gdwh/ vxfk dvvhwv gr qrw h{lvw lq uhdolw|/ exw iurp wkh whfkqlfdo srlqw

ri ylhz wkh| vhhp wr eh ihdvleoh dv h{sodlqhg ehorz lq Fkdswhu 51 Qrwh wkdw

wkh xvh ri vxfk �qdqfldo lqvwuxphqwv vhhpv d qdwxudo dssurdfk zlwk uhvshfw

wr joredo zduplqj vlqfh/ rq wkh rqh kdqg/ xqfhuwdlqw| lv rqh ri wkh pdlq

fkdudfwhulvwlfv ri folpdwh fkdqjh dqg/ rq wkh rwkhu kdqg/ wkh pdlq sxusrvh

ri �qdqfldo pdunhwv lv wkh doorfdwlrq ri xqfhuwdlqw|1

D odujh sduw ri wkh dqdo|vlv ehorz lv frqfhuqhg/ lq sduwlfxodu/ zlwk wkh vsh0

fl�f fodlp wkdw �qdqfldo lqvwuxphqwv gh�qhg rq wkh folpdwh vwdwh fdq uhgxfh

iuhh ulglqj ehkdylrxu zlwk uhvshfw wr dedwhphqw ri juhhqkrxvh jdvhv1 Wklv

fodlp ruljlqdwhv iurp wkh LSFF*v Vhfrqg Dvvhvvphqw Uhsruw +VDU,/

vshfl�fdoo|Duurz/ Sdolnk dqg Sloohw ^4<<9` zklfk fruuhvsrqgv wr Fkds0

whu 5 ri wkh frqwulexwlrq e| Zrunlqj Jurxs LLL +LSFF ^4<<9f`,1 Vlqfh wkhuh

lv qr irupdo dqdo|vlv ri wklv fodlp lq wkh olwhudwxuh/ Fkdswhuv 8 wr : duh

frqfhuqhg zlwk d irupdo dqdo|vlv ri wkdw fodlp1

Wkh fodlp/ uhihuuhg wr dv �LSFF fodlp� ehorz/ zdv lqvsluhg e| d ulvn0

ehdulqj dssurdfk iru vr0fdoohg xqnqrzq ulvnv1 Wklv dssurdfk/ suhvhqwhg lq

pruh ghwdlo lq Fkdswhu 6/ zdv ghyhorshg lq Fklfkloqlvn| dqg Khdo ^4<<5`

dqg jhqhudol}hg lq Nolpsho dqg Uhtxdwh ^5333`1 Lw surylghv d iudphzrun

iru wkh doorfdwlrq ri xqnqrzq ulvnv e| frpelqlqj wzr gl�huhqw nlqgv ri �qdq0

fldo lqvwuxphqwv/ Duurz vhfxulwlhv/ rq wkh rqh kdqg/ dqg pxwxdo lqvxudqfh

frqwudfwv/ rq wkh rwkhu kdqg1

Lq Duurz hw do1 ^4<<9` wkh xqnqrzq ulvnv dssurdfk lv pdlqo| glvfxvvhg

dv dq lqvxudqfh dssurdfk1 Lw lv srlqwhg rxw wkdw wkh h{lvwlqj lqvxudqfh pdu0

nhwv fdqqrw dghtxdwho| kdqgoh ulvnv dvvrfldwhg zlwk folpdwh fkdqjh dqg wkdw

dssursuldwho| ghvljqhg lqvxudqfh/ dv sursrvhg e| Fklfkloqlvn| dqg Khdo/

frxog lpsuryh erwk h!flhqf| dqg htxlw|1 Wkh dxwkruv ixuwkhu qrwh wkdw

wudglqj lq vhfxulwlhv zkrvh sd|r� ghshqgv rq wkh ixwxuh folpdwh dprxqwv

�wr ehwwlqj rq sduwlfxodu folpdwh rxwfrphv1�8 Dowkrxjk dw �uvw vljkw/ wkh

lghd ri frxqwulhv dfwxdoo| �ehwwlqj rq wkh ixwxuh folpdwh vwdwh� pljkw vrxqg

vwudqjh/ lw lv qrw dv xquhdolvwlf dv lw vhhpv1 H{dpsohv iru qhzo| hphujhg

lq Duurz ^4<86`1
8Fi1 dovr Sloohw ^4<<7`1
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�qdqfldo lqvwuxphqwv zlwk vlplodu surshuwlhv duh suhvhqwhg dqg glvfxvvhg lq

Fkdswhu 71

Lq dgglwlrq wr wkh lqvxudqfh srlqw ri ylhz Duurz hw1 do1 dovr fodlp

wkdw9

�^111` fuhdwlqj ulvn vhfxulwlhv pd| surylgh dq remhfwlyh whvw ri

wkh krqhvw| ri qdwlrqdo srvlwlrqv rq wkh ulvnv ri folpdwh fkdqjh1

Li/ dv sduw ri d qhjrwldwlqj sor| wr dyrlg rqhurxv dedwhphqw frp0

plwphqwv/ d frxqwu| zhuh wr dujxh wkdw folpdwh fkdqjh grhv qrw

lqyroyh vxevwdqwldo ulvnv/ wkdw frxqwu| zrxog kdyh wr eh suhsduhg

wr krog dvvrfldwhg kljk sd|r� vhfxulwlhv1 Khqfh/ wkhuh zrxog eh

dq hfrqrplf shqdow| iru plvuhsuhvhqwdwlrq ri wuxh eholhiv1 Wkhvh

shqdowlhv frxog r�vhw vrph ri wkh lqfhqwlyh wr iuhh ulgh rq rwkhu

frxqwulhv* h�ruwv wr uhgxfh juhhqkrxvh hplvvlrq1�

Wklv vxjjhvwv wkdw �qdqfldo vwuxfwxuhv ghylvhg iru lqvxudqfh sxusrvhv

frxog/ lq dgglwlrq/ kdyh d srvlwlyh h�hfw rq plwljdwlrq dfwlylwlhv1 Lq rwkhu

zrugv/ wkh fodlp lv wkdw wkh lqvxudqfh dssurdfk wr folpdwh ulvn hqfrxudjhv

plwljdwlrq1 Frqvlghulqj wkh gl!fxowlhv h{shulhqfhg lq lqwhuqdwlrqdo folpdwh

fkdqjh qhjrwldwlrqv wkurxjkrxw wkh surfhvv dqg/ lq sduwlfxodu/ wkh gl!fxow|

ri dfklhylqj wkh N|rwr wdujhwv zlwkrxw sduwlflsdwlrq ri wkh Xqlwhg Vwdwhv/

wklv vhhpv d yhu| dwwudfwlyh survshfw1

Wkh lqwxlwlrq ehklqg wkh LSFF fodlp lv urxjko| wkh iroorzlqj1 Frqvlghu

d vlwxdwlrq zlwk xqfhuwdlqw| derxw wkh ixwxuh folpdwh vwdwh1 Iru vlpsolflw|

dvvxph wkhuh duh rqo| wzr srvvleoh folpdwh vwdwhv1 Hlwkhu wkhuh lv d gudvwlf

folpdwh fkdqjh ru wklqjv vwd| urxjko| dv wkh| duh1 Dv dujxhg lq Fkdswhu 5

wkhuh zloo eh d ydulhw| ri gl�huhqw dvvhvvphqwv ri folpdwh xqfhuwdlqw| gxh wr

wkh odujh qxpehu ri vflhqwl�f xqfhuwdlqwlhv1 Lq sduwlfxodu/ gl�huhqw sured0

elolwlhv zloo eh dwwulexwhg wr wkh wzr srvvleoh folpdwh vwdwhv1 Vlqfh +frvwo|,

dedwhphqw ri juhhqkrxvh jdvhv kdv wkh fkdudfwhulvwlfv ri d sxeolf jrrg/ frxq0

wulhv pd| kdyh dq lqfhqwlyh wr plvuhsuhvhqw wkhlu wuxh dvvhvvphqw/ l1h1 wkhlu

w|sh/ lq rughu wr iuhh ulgh rq wkh rwkhu frxqwulhv* dedwhphqw phdvxuhv1 Wkh

lpsolflw dvvxpswlrq pdgh dw wklv srlqw lv wkdw d frxqwu| zrxog qrw sxe0

olfo| dgplw wr eh frqfhuqhg derxw folpdwh ulvn dqg dw wkh vdph wlph uhixvh
9Fi1 Duurz hw do1 ^4<<9`/ s1 :51
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wr sduwlflsdwh lq dedwhphqw phdvxuhv1 Wkhq sxeolf suhvvxuh zrxog suredeo|

ehfrph xqehdudeoh iru vxfk d frxqwu|1 Wkhuhiruh lw zrxog udwkhu suhwhqg qrw

wr eh frqfhuqhg derxw folpdwh ulvn lq wkh �uvw sodfh/ vlqfh lwv wuxh dvvhvvphqw

lv qrw yhul�deoh/ dqg iuhh ulgh rq wkh rwkhu frxqwulhv* dedwhphqw phdvxuhv1

Zkdw lv wkh h�hfw ri lqwurgxflqj folpdwh vhfxulwlhv lq vxfk d vlwxdwlrqB

Rq pdunhwv iru folpdwh vhfxulwlhv frxqwulhv zdqw wr ehkdyh dffruglqj wr wkhlu

wuxh w|sh/ l1h1 vhfxulw| pdunhwv fdq uhyhdo lqirupdwlrq derxw wkh frxqwulhv*

wuxh dvvhvvphqw ri wkh folpdwh ulvn1 Wklv lqirupdwlrq fdq eh xvhg wr jhqhudwh

d wudgh0r� ehwzhhq jdlqv iurp iuhh ulglqj dqg jdlqv iurp wudgh lq folpdwh

vhfxulwlhv iru srwhqwldo iuhh ulghuv1 Wklv frxog eh grqh hlwkhu e| hvwdeolvklqj

uhvwulfwlrqv rq vhfxulw| wudglqj ru e| lqwurgxflqj d shqdow|: iru iuhh ulglqj

ehkdylrxu1 Frqfhuqlqj wkhlu h�hfw/ wkh wzr dssurdfkhv � wudglqj uhvwulfwlrqv

ru iuhh ulglqj shqdowlhv � duh htxlydohqw/ rqo| wkh lqwhusuhwdwlrq gl�huv1 Lq

Fkdswhuv 8 wr : wkh wudglqj uhvwulfwlrqv dssurdfk lv xvhg vlqfh lw vhhpv pruh

sudfwlfdo1 Lw lqyroyhv olqnlqj d frxqwu|*v ihdvleoh wudghv rq vhfxulw| pdunhwv

wr lwv dedwhphqw ehkdylrxu1 Lq sduwlfxodu/ hdfk frxqwu| zrxog eh doorzhg wr

wudqvdfw rqo| vxfk wudghv wkdw duh �frqvlvwhqw� zlwk lwv dedwhphqw ehkdylrxu

dqg wkh �w|sh� uhsuhvhqwhg e| wklv ehkdylrxu1 L1h1 wkhvh wudglqj uhvwulfwlrqv

zrxog eh ghvljqhg lq vxfk d pdqqhu wkdw iuhh ulghuv fdqqrw sur�w iurp vhfx0

ulw| pdunhwv1

Wkh vwuxfwxuh ri wklv grfwrudo wkhvlv lv dv iroorzv1 Fkdswhu 5 vxppdul}hv

wkh ghyhorsphqw dqg suhvhqw vwdwxv ri vflhqwl�f nqrzohgjh zlwk uhvshfw wr

folpdwh fkdqjh1 Iurp wklv/ lpsolfdwlrqv iru prghoolqj ri folpdwh fkdqjh

zlwklq wkh frqwh{w h{sodlqhg deryh duh ghulyhg1 Fkdswhu 6 wkhq lqwurgxfhv

wkh xqnqrzq ulvnv dssurdfk iurp zklfk wkh LSFF fodlp ruljlqdwhg1 Fkdswhu

7 suhvhqwv vrph uhfhqw ghyhorsphqwv rq wkh �qdqfldo pdunhwv zklfk vkrz

wkdw lqvwuxphqwv zlwk fkdudfwhulvwlfv vlplodu wr wkrvh ri folpdwh vhfxulwlhv

kdyh douhdg| ghyhorshg1

Wkh lpsdfw ri pdunhwv iru folpdwh vhfxulwlhv rq dedwhphqw ehkdylrxu

lv wkhq lqyhvwljdwhg zlwklq wzr gl�huhqw prghoolqj iudphzrunv1 Wkh �uvw

dssurdfk irfxvhv rq lqfrpsohwh lqirupdwlrq zlwk uhvshfw wr frxqwulhv* dv0

vhvvphqwv ri folpdwh xqfhuwdlqw| zkhuhdv wkh vhfrqg dssurdfk frqfhqwudwhv

:Lq uhdolw|/ vxfk d shqdow| pljkw eh ri dq lqirupdo qdwxuh/ h1j1 gdpdjh wr d frxqwu|*v
uhsxwdwlrq ru uhwdoldwlrq uhjduglqj rwkhu lvvxhv1
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rq hqgrjhqlw| ri folpdwh xqfhuwdlqw|1 Xqfhuwdlqw| zlwk uhvshfw wr wkh ixwxuh

folpdwh vwdwh lv frpprq wr erwk prghov1

Wkh lqfrpsohwh lqirupdwlrq dssurdfk lq Fkdswhuv 8/ 9 dqg : iroorzv wkh

lqwxlwlyh dujxphqwdwlrq iru wkh LSFF fodlp deryh1 Wkh pdlq ihdwxuh ri wklv

dssurdfk lv lqfrpsohwh lqirupdwlrq zlwk uhvshfw wr frxqwulhv* w|shv zklfk

duh uhsuhvhqwhg e| wkhlu suredelolw| glvwulexwlrq dfurvv wkh srvvleoh folpdwh

vwdwhv1 Dedwhphqw ghflvlrqv duh prghoohg glvfuhwho|1 Suredelolwlhv iru folpdwh

vwdwhv duh frqvlghuhg h{rjhqrxv iru d odujh sduw ri wkh dqdo|vlv/ dowkrxjk

hqgrjhql}lqj suredelolwlhv/ dv grqh lq Fkdswhu :14/ grhv qrw fkdqjh dq|wklqj

vxevwdqwldo1

Wkh lpsdfw ri folpdwh vhfxulwlhv rq dedwhphqw dfwlylw| lv vwxglhg erwk

iru d vfhqdulr zlwk dqg iru d vfhqdulr zlwkrxw uhjxodwlrq ri vhfxulw| pdu0

nhwv/ lq hdfk fdvh lq frpsdulvrq wr d ehqfkpdun vfhqdulr zlwkrxw vhfxulw|

pdunhwv1 Irupdoo|/ hdfk ri wkh vfhqdulrv gh�qhv d Ed|hvldq jdph1 Lq rughu

wr dqdo|vh wkh lpsdfw ri folpdwh vhfxulwlhv rq dedwhphqw zh frpsduh wkh

frqglwlrqv xqghu zklfk fhuwdlq Ed|hvldq htxloleuld hphujh lq wkh gl�huhqw

vfhqdulrv1 Krzhyhu/ d vkruwfrplqj ri wklv dssurdfk lv wkdw/ gxh wr glvfuhwh0

qhvv ri dedwhphqw vwudwhjlhv/ zh fdqqrw vd| pxfk derxw wkh uhvxowlqj ohyhov

ri dedwhphqw1

Wkhuhiruh/ Fkdswhu ; dgdswv d gl�huhqw dssurdfk iru dqdo|vlqj wkh h�hfw

ri lqvxudqfh pdunhwv +lq wkh vhqvh ri folpdwh vhfxulwlhv, rq plwljdwlrq dfwlylw|1

Wkh irfxv ri wkh dqdo|vlv lv rq hqgrjhqlw| ri wkh folpdwh vwdwh suredelolwlhv1

Lqfrpsohwh lqirupdwlrq lv qrw dvvxphg dq| orqjhu dqg wkh dedwhphqw ghflvlrq

lv prghoohg frqwlqxrxvo|1 Hqgrjhqlw| ri suredelolwlhv lv wkh rqo| olqn ehwzhhq

wkh dedwhphqw ghflvlrq dqg wkh sruwirolr ghflvlrq/ l1h1 wudglqj ehkdylrxu rq

pdunhwv iru folpdwh vhfxulwlhv1 Lq sduwlfxodu/ wkhuh lv qr vfrsh iru uhjxodwlrq

vr wkdw rqo| wzr vfhqdulrv duh frqvlghuhg/ rqh zlwk folpdwh vhfxulwlhv dqg rqh

zlwkrxw folpdwh vhfxulwlhv1

Irupdoo|/ wkh vhwxs gh�qhv d qrq0frrshudwlyh jdph iru hdfk ri wkh wzr

vfhqdulrv1 Fkdswhu ; frpsduhv wkh rxwfrphv ri qrq0frrshudwlyh ehkdylrxu

zlwk dqg zlwkrxw pdunhwv iru folpdwh vhfxulwlhv zlwk uhvshfw wr dedwhphqw

dfwlylw| dqg zhoiduh1 Ilqdoo|/ Fkdswhu < vxppdul}hv dqg fulwlfdoo| glvfxvvhv

wkh dqdo|vlv1



Fkdswhu 5

Folpdwh fkdqjh

514 Vflhqwl�f edfnjurxqg

51414 Ghyhorsphqw dqg rujdql}dwlrqdo vwuxfwxuh ri lq0
whuqdwlrqdo folpdwh fkdqjh uhvhdufk dqg srolf|

Vlqfh wkh ehjlqqlqj ri wkh 4<;3v wkhuh kdv ehhq lqfuhdvlqj frqfhuq zlwk uh0

vshfw wr wkh srwhqwldo wkuhdw ri kxpdq0lqgxfhg folpdwh fkdqjh1 Lq uhvsrqvh wr

wklv frqfhuq wkh Zruog Phwhrurorjlfdo Rujdql}dwlrq +ZPR, dqg wkh Xqlwhg

Qdwlrqv Hqylurqphqw Surjudpph +XQHS, hvwdeolvkhg wkh Lqwhujryhuqphqwdo

Sdqho rq Folpdwh Fkdqjh +LSFF, lq 4<;;1

Dffruglqj wr Mhspd dqg Pxqdvlqjkh ^4<<;`/ s1 {l/ wkh uroh ri wkh

LSFF lv �wr +d, dvvhvv vflhqwl�f lqirupdwlrq rq folpdwh fkdqjh> +e, hydox0

dwh wkh hqylurqphqwdo dqg vrflrhfrqrplf h�hfwv ri folpdwh fkdqjh> dqg +f,

ghwhuplqh uhvsrqvh vwudwhjlhv1� Lq 4<<3 wkh LSFF frpsohwhg lwv Iluvw Dv0

vhvvphqw Uhsruw +LSFF ^4<<3`, zklfk �sod|hg dq lpsruwdqw uroh lq hvwde0

olvklqj wkh Lqwhujryhuqphqwdo Qhjrwldwlqj Frpplwwhh iru d XQ Iudphzrun

Frqyhqwlrq rq Folpdwh Fkdqjh +XQIFFF, e| wkh XQ Jhqhudo Dvvhpeo|1

Wkh XQIFFF 4 zdv dgrswhg lq 4<<5 dqg hqwhuhg lqwr irufh lq 4<<71�5 Wkh

LSFF vwdwhv wkdw �^l`wv Vhfrqg Dvvhvvphqw Uhsruw Folpdwh Fkdqjh 4<<8 sur0

ylghg nh| lqsxw wr wkh qhjrwldwlrqv zklfk ohdg wr wkh dgrswlrq ri wkh N|rwr

4Fi1 Xqlwhg Qdwlrqv ^4<<5`1
5Fi1 LSFF ^5333`1

:
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Surwrfro6 wr wkh XQIFFF lq 4<<:1�7 Uhfhqwo|/ wkh zrun vxppdul}hg lq wkh

Wklug Dvvhvvphqw Uhsruw +vhh LSFF ^5334d`/ LSFF ^5334e` dqg LSFF

^5334f`, kdv ehhq sxeolvkhg1

51415 Ghyhorsphqw ri vflhqwl�f nqrzohgjh rq folpdwh
fkdqjh

Vlqfh wkh fuhdwlrq ri wkh LSFF lq 4<;; d odujh dprxqw ri uhvhdufk kdv ehhq

fduulhg rxw1 Dowkrxjk wkhuh kdv ehhq d orw ri surjuhvv/ qxphurxv dqg odujh

xqfhuwdlqwlhv zlwk uhvshfw wr pdq| dvshfwv ri folpdwh fkdqjh vwloo uhpdlq1

WkhIluvw Dvvhvvphqw Uhsruw +LSFF ^4<<3`, suhglfwhg d joredo zdup0

lqj hvwlpdwh ri derxw 4�F/ exw glg qrw �qg hylghqfh ri wklv h�hfw ehlqj

kxpdq0lqgxfhg= �Wkxv wkh revhuyhg lqfuhdvh frxog eh odujho| gxh wr wklv qdw0

xudo yduldelolw|> dowhuqdwlyho| wklv yduldelolw| dqg rwkhu kxpdq idfwruv frxog

kdyh r�vhw d vwloo odujhu kxpdq0lqgxfhg joredo zduplqj1�

Wkh Vhfrqg Dvvhvvphqw Uhsruw +VDU, douhdg| hpskdvl}hg wkdw

�^w`kh edodqfh ri hylghqfh vxjjhvwv d glvfhuqleoh kxpdq lq xhqfh rq joredo

folpdwh/� dowkrxjk dfnqrzohgjlqj �xqfhuwdlqwlhv lq nh| idfwruv1� Lw suh0

glfwhg dq lqfuhdvh lq joredo phdq whpshudwxuh lq wkh udqjh ri 4�� wr 618��

+vhh LSFF ^4<<3d/e/f`,1

Wkh uhfhqwo| sxeolvkhg frqwulexwlrq ri LSFF Zrunlqj Jurxs L wr wkh

Wklug Dvvhvvphqw Uhsruw +WDU, surmhfwv dq hyhq odujhu ulvh lq joredoo|

dyhudjhg vxuidfh whpshudwxuh ehwzhhq 417�� dqg 81;�� +fi1 LSFF ^5334d`/

�Vxppdu| iru Srolf|pdnhuv�/ s1 46,1 Pruhryhu/ lw frqfoxghv wkdw �^w`khuh lv

qhz dqg vwurqjhu hylghqfh wkdw prvw ri wkh zduplqj revhuyhg ryhu wkh odvw

83 |hduv lv dwwulexwdeoh wr kxpdq dfwlylwlhv1� Zlwk uhvshfw wr xqfhuwdlqw|

lw frpphqwv �^d`owkrxjk pdq| ri wkh vrxufhv ri xqfhuwdlqw| lghqwl�hg lq wkh

VDU vwloo uhpdlq wr vrph ghjuhh/ qhz hylghqfh dqg lpsuryhg xqghuvwdqglqj

vxssruw dq xsgdwhg frqfoxvlrq1�

�Qhz hylghqfh� lqfoxghv wkh revhuydwlrqv ri folpdwh0uhohydqw gdwd pdgh

6Fi1 Xqlwhg Qdwlrqv ^4<<:`1
7Wkh Vhfrqg Dvvhvvphqw Uhsruw +VDU, frqvlvwv ri ri wkh frqwulexwlrqv ri Zrunlqj

Jurxs L/ +LSFF ^4<<9d`,/ Zrunlqj Jurxs LL/ +LSFF ^4<<9e`, dqg Zrunlqj Jurxs LLL/
+LSFF ^4<<9f`,1
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vlqfh wkh suhylrxv Uhsruw1 WkhWklug Dvvhvvphqw Uhsruw frpphqwv rq d

odujh qxpehu ri uhohydqw sdudphwhuv dqg hyhqwv lq dgglwlrq wr joredo0dyhudjh

vxuidfh whpshudwxuh/ h1j1 wkh joredo dyhudjh whpshudwxuh ri wkh orzhvw ; np

ri wkh dwprvskhuh/ vqrz fryhu/ lfh h{whqw/ joredo0dyhudjh vhd ohyho/ joredo0

rfhdq khdw frqwhqw/ suhflslwdwlrq/ forxg fryhu/ wkh iuhtxhqf| ri h{wuhpho|

orz whpshudwxuhv/ zdup hslvrghv +Ho Qlôr,/ vwrup lqwhqvlw| dqg iuhtxhqf|

hwf1

Wkh frqwulexwlrq ri LSFF Zrunlqj Jurxs LL wr wkh WDU +LSFF ^5334e`,

hpskdvl}hv uhjlrqdo glyhuvlw| ri srwhqwldo folpdwh fkdqjh1 Lw qrwhv wkdw df0

fruglqj wr wkh uhvxowv ri Zrunlqj Jurxs L �wkh zduplqj zrxog ydu| e| uh0

jlrq1�8 Frqfhuqlqj wkh ryhudoo h�hfwv iru gl�huhqw uhjlrqv wkhZrunlqj Jurxs

LL Uhsruw frqfoxghv=9

�^111` lqfuhdvhv lq joredo phdq whpshudwxuh zrxog surgxfh qhw

hfrqrplf orvvhv lq pdq| ghyhorslqj frxqwulhv iru doo pdjqlwxghv

ri zduplqj vwxglhg ^111`1 Lq frqwudvw/ dq lqfuhdvh lq joredo phdq

whpshudwxuh ri xs wr d ihz ghjuhhv F zrxog surgxfh d pl{wxuh

ri hfrqrplf jdlqv dqg orvvhv lq ghyhorshg frxqwulhv ^111`/ zlwk

hfrqrplf orvvhv iru odujhu whpshudwxuh lqfuhdvhv ^111`1�

Wkhuhiruh/ ghyhorslqj frxqwulhv duh olnho| wr eh dgyhuvho| d�hfwhg e| joredo

zduplqj/ qr pdwwhu zkdw wkh pdjqlwxgh ri wkh zduplqj lv1 Lq frqwudvw/ iru

ghyhorshg frxqwulhv wkhuh fdq eh jdlqv iru vpdoohu pdjqlwxghv ri zduplqj

zklfk wkhq wxuq lqwr hfrqrplf orvvhv iru odujhu pdjqlwxghv ri zduplqj1

Zlwk uhvshfw wr wkh joredo h�hfwv wkh Zrunlqj Jurxs LL Uhsruw frqfoxghv

wkdw:

�^111` zruog JGS zrxog fkdqjh e| 	 d ihz shufhqw iru joredo

phdq whpshudwxuh lqfuhdvhv ri xs wr d ihz ghjuhhv F ^111` dqg

lqfuhdvlqj qhw orvvhv zrxog uhvxow iru odujhu lqfuhdvhv lq whpshu0

dwxuh ^111`1 Pruh shrsoh duh surmhfwhg wr eh kduphg wkhq ehqh�whg

e| folpdwh fkdqjh/ hyhq iru joredo phdq whpshudwxuh lqfuhdvhv ri

ohvv wkdq d ihz ghjuhhv F ^111`1�

8Fi1 LSFF ^5334e`/ �Vxppdu| iru Srolf|pdnhuv�/ s1 61
9Fi1 LSFF ^5334e`/ �Vxppdu| iru Srolf|pdnhuv�/ s1 ;1
:Fi1 LSFF ^5334e`/ �Vxppdu| iru Srolf|pdnhuv�/ s1 ;1



43 FKDSWHU 51 FOLPDWH FKDQJH

Zh vhh wkdw frqfhuqlqj wkh joredo h�hfwv ri folpdwh fkdqjh wkh Uhsruw gli0

ihuhqwldwhv ehwzhhq wkh h�hfw rq zruog JGS/ rq wkh rqh kdqg/ dqg wkh h�hfw

zlwk uhvshfw wr krz pdq| lqglylgxdov zloo eh kduphg1 Iru zruog JGS wkh

vljq ri wkh h�hfw lv dpeljxrxv iru vpdoohu pdjqlwxghv ri zduplqj dqg wxuqv

qhjdwlyh dv wkh pdjqlwxgh ri zduplqj lqfuhdvhv1 Krzhyhu/ frqfhuqlqj wkh

h�hfw rq lqglylgxdov/ wkh qxpehu ri lqglylgxdov kduphg zloo eh odujhu wkdq

ri lqglylgxdov ehqh�wlqj qr pdwwhu krz wkh pdjqlwxgh ri wkh zduplqj lv/

dffruglqj wr wkh Zrunlqj Jurxs LL Uhsruw1

51416 Wkh suhvhqw vwdwxv ri vflhqwl�f nqrzohgjh rq fol0
pdwh fkdqjh

Frpsdulqj wkh frqfoxvlrqv uhdfkhg lq wkh wkuhh LSFF Dvvhvvphqw Uhsruwv/

lw lv hylghqw wkdw srwhqwldo folpdwh fkdqjh lv d pruh vhulrxv sureohp wkdq

lqlwldoo| h{shfwhg1 Wkh surmhfwhg lqfuhdvhv ri joredoo| dyhudjhg vxuidfh phdq

whpshudwxuh kdyh lqfuhdvhg vxevwdqwldoo| vlqfh 4<<31 Lw kdv wr eh dfnqrzo0

hgjhg wkdw vflhqwl�f nqrzohgjh zlwk uhvshfw wr folpdwh fkdqjh kdv lpsuryhg1

Lq sduwlfxodu/ zh fdq qrz eh uhodwlyho| vxuh wkdw lw lv kxpdq0lqgxfhg wr

vrph h{whqw1 Qhyhuwkhohvv d zlgh udqjh ri xqfhuwdlqwlhv uhpdlqv1 Wklv fxu0

uhqw vwdwh ri d�dluv zdv vxppdul}hg dv iroorzv e| Urehuw Zdwvrq/ fkdlupdq

ri wkh LSFF/ lq klv Uhsruw wr wkh Vl{wk Frqihuhqfh ri wkh Sduwlhv +FRS 9,

wr wkh XQIFFF +fi1 Zdwvrq ^5333d`, rq Qryhpehu 53/ 5333=

�Dv |rx ghedwh wkh zhljkw| lvvxhv dvvrfldwhg zlwk h�hfwlyh lp0

sohphqwdwlrq ri wkh Frqyhqwlrq dqg wkh N|rwr Surwrfro ohw ph

uhplqg |rx wkdw wkh ryhuzkhoplqj pdmrulw| ri vflhqwl�f h{shuwv/

zklovw uhfrjql}lqj wkdw vflhqwl�f xqfhuwdlqwlhv h{lvw/ qrqhwkhohvv

eholhyh wkdw kxpdq0lqgxfhg folpdwh fkdqjh lv douhdg| rffxuulqj

dqg wkdw ixwxuh fkdqjh lv lqhylwdeoh1�

Lq d gl�huhqw suhvhqwdwlrq/; dovr dw FRS 9/ Pu1 Zdwvrq vdlg=

�Wkh txhvwlrq lv qrw zkhwkhu folpdwh zloo fkdqjh lq uhvsrqvh

wr kxpdq dfwlylwlhv/ exw udwkhu krz pxfk +pdjqlwxgh,/ krz idvw

+wkh udwh ri fkdqjh, dqg zkhuh +uhjlrqdo sdwwhuq,1�
;Vhh Zdwvrq ^5333e`1
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Vhfwlrq 515 ehorz h{dplqhv wkh lpsolfdwlrqv ri wklv zlgho| dffhswhg< srlqw

ri ylhz iru prghoolqj ri folpdwh ulvn1

515 Lpsolfdwlrqv iru prghoolqj folpdwh ulvn

Wklv vhfwlrq glvfxvvhv wkh lpsolfdwlrqv ri wkh suhvhqw vwdwxv ri vflhqwl�f

nqrzohgjh zlwk uhvshfw wr folpdwh fkdqjh iru prghoolqj folpdwh ulvn1 Iluvw

ri doo/ wkh orqj olvw ri folpdwh0uhohydqw sdudphwhuv lq Vhfwlrq 51415 vkrzv wkdw

wkh �vwdwh ri wkh folpdwh� lv d kljko| pxowl0glphqvlrqdo yduldeoh1 Wklv vkrxog

eh nhsw lq plqg zlwk uhvshfw wr wkh gh�qlwlrq ri folpdwh vwdwhv1 Iurp wkh

suhvhqw vwdwxv ri vflhqwl�f nqrzohgjh/ irxu ixuwkhu fkdudfwhulvwlfv ri folpdwh

ulvn hphujh/ hqgrjhqlw|/ vxemhfwlylw| dqg lqfrpsohwh lqirupdwlrq zlwk uh0

vshfw wr folpdwh ulvn dvvhvvphqwv dqg uhjlrqdo glyhuvlw|1 Hdfk ri wkhvh lvvxhv

lv glvfxvvhg lq ghwdlo lq wkh iroorzlqj1

51514 Hqgrjhqlw| ri folpdwh ulvn

Dv rxwolqhg lq Vhfwlrqv 51415 dqg 51416 deryh/ vflhqwlvwv duh lqfuhdvlqjo| fhu0

wdlq wkdw folpdwh fkdqjh lv kxpdq0lqgxfhg1 Kxpdq dfwlylw|/ lq sduwlfxodu

hplvvlrqv ri juhhqkrxvh jdvhv ru/ htxlydohqwo|/ dedwhphqw ri vxfk hplvvlrqv

d�hfwv ixwxuh folpdwh fkdqjh1 Wkhuhiruh/ rqh lpsruwdqw fkdudfwhulvwlf ri fol0

pdwh ulvn lv wkdw lw lv hqgrjhqrxv1 Wklv lv dovr hpskdvl}hg e| Fklfkloqlvn|

dqg Khdo ^4<<6`1 Reylrxvo|/ wkh h{whqw ri hqgrjhqlw| ghshqgv rq wkh wlph

krul}rq xqghu frqvlghudwlrq1 Lq wkh vkruw uxq/ h{rjhqrxvo| jlyhq folpdwh ulvn

pd| eh dq dssursuldwh dssur{lpdwlrq1 Lq wkh orqj uxq/ krzhyhu/ hqgrjhqlw|

ri folpdwh ulvn vkrxog eh wdnhq lqwr dffrxqw1 Iru wklv uhdvrq d prgho zklfk

irfxvhv rq hqgrjhqlw| ri folpdwh ulvn lv suhvhqwhg dqg dqdo|vhg lq Fkdswhu

;1 Dq h{whqvlrq ri wkh lqfrpsohwh lqirupdwlrq prgho wr hqgrjhqrxv sured0

elolwlhv lv frqvlghuhg lq Vhfwlrq :141

<Dowkrxjk wkh LSFF grfxphqwv duh wkh prvw zlgho| dffhswhg grfxphqwv rq wkh vxemhfw
ri folpdwh fkdqjh wkhuh duh glyhujhqw rslqlrqv1
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51515 Vxemhfwlylw| ri folpdwh ulvn dvvhvvphqwv

D vhfrqg fkdudfwhulvwlf dvshfw ri folpdwh ulvn lv wkdw wkh uhpdlqlqj vflhqwl�f

xqfhuwdlqwlhv ohdg wr vxemhfwlyh hydoxdwlrqv ri wkh h{lvwlqj vflhqwl�f hylghqfh1

Wklv lv uh hfwhg lq wkh fduhixo irupxodwlrqv lq grfxphqwv olnh wkh LSFF

Dvvhvvphqw Uhsruwv ru lq wkh vshhfk e| wkh LSFF fkdlupdq +Zdwvrq

^5333d`,/ douhdg| phqwlrqhg lq Vhfwlrq 51416 deryh1 D vwxg| e| Judqjhu

Prujdq dqg Nhlwk ^4<<8` wlwohg �Vxemhfwlyh Mxgjhphqwv e| Folpdwh H{0

shuwv� frqgxfwhg zlwk 49 ohdglqj XV folpdwh vflhqwlvwv frqfoxghg=

�Wkh uhvxowv uhyhdo d ulfk glyhuvlw| ri h{shuw rslqlrq dqg/ dvlgh

iurp folpdwh vhqvlwlylw|/ d juhdwhu ghjuhh ri glvdjuhhphqw wkdq lv

riwhq frqyh|hg lq vflhqwl�f frqvhqvxv grfxphqwv1 Uhvhdufk fdq

pdnh ydoxdeoh frqwulexwlrqv/ exw zh lqwhusuhw rxu uhvxowv wr phdq

wkdw ryhudoo xqfhuwdlqw| derxw wkh jhrsk|vlfv ri folpdwh fkdqjh lv

qrw olnho| wr eh uhgxfhg gudpdwlfdoo| lq wkh qh{w ihz ghfdghv1�

Vlqfh doo vflhqwl�f nqrzohgjh frqfhuqlqj folpdwh fkdqjh lv vxemhfw wr d fhuwdlq

ohyho ri xqfhuwdlqw| wkhuh lv urrp iru gl�hulqj lqwhusuhwdwlrqv1 Pruhryhu/ wkh

djjuhjdwlrq ri uhvxowv iurp gl�huhqw vwxglhv ohdyhv pruh vfrsh iru vxemhfwlyh

hydoxdwlrqv ri folpdwh ulvn1 Vxemhfwlylw| ri dvvhvvphqwv ri folpdwh ulvn lv

fdwhuhg iru lq erwk prghov vwxglhg ehorz1

51516 Lqfrpsohwh lqirupdwlrq zlwk uhvshfw wr folpdwh
ulvn dvvhvvphqwv

Lq sduwlfxodu/ wkh vxemhfwlyh hydoxdwlrqv ri wkh dydlodeoh vflhqwl�f hylghqfh

fdqqrw eh yhul�hg e| wklug sduwlhv1 Wklv ohdgv wr lqfrpsohwh lqirupdwlrq

zlwk uhvshfw wr wkh wuxh dvvhvvphqw ri wkh sduwlhv lqyroyhg frqfhuqlqj wkh

folpdwh ulvn1 Wkhq/ plvuhsuhvhqwdwlrq ri wkh wuxh hydoxdwlrq iru vwudwhjlf

uhdvrqv ehfrphv dq rswlrq1 L1h1 frxqwulhv pd| frqfhdo wkhlu wuxh dvvhvvphqw

ri folpdwh ulvn dqg/ iru h{dpsoh/ surihvv qrw wr eh frqfhuqhg derxw dgyhuvh

h�hfwv ri folpdwh fkdqjh lq rughu wr dyrlg plwljdwlrq h{shqvhv1 Gxh wr wkh

qdwxuh ri wkh vlwxdwlrq lw lv/ ri frxuvh/ gl!fxow wr lghqwli| vxfk ehkdylrxu1
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Lw vhhpv wkdw vrph ri wkh vwdwhphqwv pdgh e| XV Suhvlghqw Jhrujh

Z1 Exvk vrrq diwhu kh fdph lqwr r!fh lq zklfk kh h{suhvvhg dq rslqlrq frp0

sohwho| frqwudu| wr wkdw ri wkh LSFF fkdlupdq pljkw eh dq h{dpsoh iru vxfk

ehkdylrxu1 Dq duwlfoh iurp wkh Qhz \run Wlphv43 frpphqwv rq Pdufk 46/

5334= �Xqghu suhvvxuh iurp frqvhuydwlyh Uhsxeolfdqv dqg lqgxvwu| jurxsv/

Suhvlghqw Exvk uhyhuvhg d fdpsdljq sohgjh wrgd| dqg vdlg klv dgplqlvwudwlrq

zrxog qrw vhhn wr uhjxodwh srzhu sodqwv* hplvvlrqv ri fduerq glr{lgh/ d jdv

wkdw pdq| vflhqwlvwv vd| lv d nh| frqwulexwru wr joredo zduplqj1� Lq d ohwwhu44

wr irxu Uhsxeolfdq vhqdwruv zkr zkhuh ohdglqj lq wkh surwhvw djdlqvw Exvk*v

ruljlqdo sodqv/ Exvk vdlg=

�Dv |rx nqrz L rssrvh wkh N|rwr Surwrfro ehfdxvh lw h{hpswv

;3 shufhqw ri wkh zruog/ lqfoxglqj pdmru srsxodwlrq fhqwhuv vxfk

dv Fklqd dqg Lqgld/ iurp frpsoldqfh/ dqg zrxog fdxvh vhulrxv

kdup wr wkh X1V1 hfrqrp|1 Wkh Vhqdwh*v yrwh/ <803/ vkrzv wkdw

wkhuh lv d fohdu frqvhqvxv wkdw wkh N|rwr Surwrfro lv dq xqidlu dqg

lqh�hfwlyh phdqv ri dgguhvvlqj joredo folpdwh fkdqjh frqfhuqv1�

Kh frqwlqxhg wr dujxh wkdw dffruglqj wr d uhfhqw Hqhuj| Ghsduwphqw vwxg|

uhjxodwlqj fduerq glr{lgh hplvvlrqv zrxog kdyh ohg wr �vljql�fdqwo| kljkhu

hohfwulflw| sulfhv� zklfk kh frqvlghuhg �lpsruwdqw qhz lqirupdwlrq�/ zdu0

udqwlqj d uh0hydoxdwlrq1

�Dw d wlph zkhq Fdoliruqld kdv douhdg| h{shulhqfhg hqhuj|

vkruwdjhv/ dqg rwkhu Zhvwhuq vwdwhv duh zruulhg derxw sulfh dqg

dydlodelolw| ri hqhuj| wklv vxpphu/ zh pxvw eh yhu| fduhixo qrw wr

wdnh dfwlrqv wkdw frxog kdup frqvxphuv1 Wklv lv hvshfldoo| wuxh

jlyhq wkh lqfrpsohwh vwdwh ri vflhqwl�f nqrzohgjh ri wkh fdxvhv

ri/ dqg vroxwlrqv wr/ joredo folpdwh fkdqjh dqg wkh odfn ri frp0

phufldoo| dydlodeoh whfkqrorjlhv iru uhprylqj dqg vwrulqj fduerq

glr{lgh1�

Qrwh wkdw Pu1 Exvk*v lqwhusuhwdwlrq ri wkh dydlodeoh vflhqwl�f hylghqfh lv frp0

sohwho| frqwudu| wr wkdw h{suhvvhg e| wkh LSFF fkdlupdq/ Urehuw Zdwvrq1

43Fi1 Mhko ^5334`1
44Fi1 Exvk ^5334`1
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Lq sduwlfxodu/ Pu1 Exvk wdnhv vflhqwl�f xqfhuwdlqwlhv dv dq dujxphqw djdlqvw

plwljdwlrq ri folpdwh fkdqjh dqg uhixvhv wr dfnqrzohgjh wkh suhvhqw vwdwxv ri

vflhqwl�f nqrzohgjh wkdw wkhuh lv douhdg| d glvfhuqleoh kxpdq lq xhqfh zlwk

uhvshfw wr joredo folpdwh fkdqjh145 Frpsduhg zlwk wkh ylhzv h{suhvvhg e|

wkh LSFF lw vhhpv wkdw Pu1 Exvk/ lq xhqfhg e| vwurqj oree|lqj dfwlylw|/ gh0

olehudwho| fkrrvhv d yhu| gl�huhqw lqwhusuhwdwlrq ri wkh vflhqwl�f hylghqfh1 Li

kh dfnqrzohgjhg frqvlghulqj lpphgldwh dqg vxevwdqwldo plwljdwlrq dfwlylwlhv

wr eh qhfhvvdu|/ wkh lqwhuqdwlrqdo frppxqlw| zrxog ghpdqg iurp wkh Xqlwhg

Vwdwhv wkdw wkh| wdnh ryhu dq dssursuldwh vkduh ri wkdw dfwlylw|1 Wkhuhiruh/

Exvk pd| fkrrvh wr txhvwlrq wkh vflhqwl�f hylghqfh iru vwudwhjlf uhdvrqv lq

rughu wr dyrlg wkh frqvhtxhqfhv ri dfnqrzohgjlqj wkh vflhqwl�f hylghqfh dv

vx!flhqw iru lpphgldwh dfwlrq1 Krzhyhu/ gxh wr vxemhfwlylw| dqg lqfrpsohwh

lqirupdwlrq lw lv qrw srvvleoh wr suryh wkdw kh lv plvuhsuhvhqwlqj klv wuxh

hydoxdwlrq ri wkh joredo zduplqj sureohp iru vwudwhjlf sxusrvhv1

51517 Uhjlrqdo glyhuvlw|

Dffruglqj wr wkh LSFF Wklug Dvvhvvphqw Uhsruw46 joredo zduplqj lv

h{shfwhg wr ydu| e| uhjlrq=

�Wkh yxoqhudelolw| ri kxpdq srsxodwlrqv dqg qdwxudo v|vwhpv

wr folpdwh fkdqjh gl�huv vxevwdqwldoo| dfurvv uhjlrqv dqg dfurvv

srsxodwlrqv zlwklq uhjlrqv1 Uhjlrqdo gl�huhqfhv lq edvholqh fol0

pdwh dqg h{shfwhg folpdwh fkdqjh jlyh ulvh wr gl�huhqw h{srvxuhv

wr folpdwh vwlpxol dfurvv uhjlrqv1�

Wkhuhiruh/ uhjlrqdo glyhuvlw| lv d ixuwkhu fkdudfwhulvwlf ri folpdwh fkdqjh1 Lq

sulqflsoh/ pdq| uhjlrqv fdq h{shulhqfh erwk dgyhuvh dqg ehqh�fldo h�hfwv

wkurxjk joredo zduplqj1 Surmhfwhg dgyhuvh lpsdfwv lqfoxgh/ iru h{dpsoh/47

0 d uhgxfwlrq lq srwhqwldo furs |lhog lq prvw wurslfdo dqg vxe0wurslfdo

uhjlrqv/ dqg/ iru vwurqj zduplqj/ dovr lq prvw uhjlrqv lq plg0odwlwxghv/

45Fi1 Vhfwlrq 51416 deryh1
46Fi1 LSFF ^5334e`/ �Vxppdu| iru Srolf|pdnhuv�/ s1 471
47Fi1 LSFF ^5334e`/ sdjh 71
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0 ghfuhdvhg zdwhu dydlodelolw| iru srsxodwlrqv lq pdq| vfdufh zdwhu uh0

jlrqv/

0 dq lqfuhdvh lq wkh qxpehu ri shrsoh h{srvhg wr yhfwru0eruqh glvhdvhv

+h1j1 pdoduld, dqg zdwhu0eruqh glvhdvhv +h1j1 fkrohud, dqg dq lqfuhdvh

lq khdw vwuhvv pruwdolw|/

0 dq lqfuhdvh lq wkh ulvn ri  rrglqj iru pdq| kxpdq vhwwohphqwv iurp

erwk lqfuhdvhg khdy| suhflslwdwlrq hyhqwv dqg vhd0ohyho ulvh/

0 lqfuhdvhg hqhuj| ghpdqg iru vsdfh frrolqj gxh wr kljkhu vxpphu whp0

shudwxuhv1

Surmhfwhg ehqh�fldo lpsdfwv lqfoxgh/ iru h{dpsoh/

0 dq lqfuhdvh lq srwhqwldo furs |lhogv lq vrph uhjlrqv dg plg0odwlwxghv

iru prghudwh lqfuhdvhv lq whpshudwxuh/

0 d srwhqwldo lqfuhdvh lq joredo wlpehu vxsso| iurp dssursuldwho| pdq0

djhg iruhvwv/

0 lqfuhdvhg zdwhu dydlodelolw| lq vrph zdwhu vfdufh uhjlrqv/ h1j1 lq sduwv

ri Vrxwk Hdvw Dvld/

0 uhgxfhg zlqwhu pruwdolw| lq plg0 dqg kljk0odwlwxghv/

0 uhgxfhg hqhuj| ghpdqg iru vsdfh khdwlqj gxh wr kljkhu zlqwhu whpshu0

dwxuhv1

Lw lv vwuhvvhg e| wkh dxwkruv ri LSFF ^5334e` wkdw �ohvv0ghyhorshg uh0

jlrqv duh hvshfldoo| yxoqhudeoh ehfdxvh d odujhu vkduh ri wkhlu hfrqrplhv duh

lq folpdwh0vhqvlwlyh vhfwruv dqg wkhlu dgdswlyh fdsdflw| lv orz gxh wr orz ohy0

hov ri kxpdq/ �qdqfldo/ dqg qdwxudo uhvrxufhv/ dv zhoo dv olplwhg lqvwlwxwlrqdo

dqg whfkqrorjlfdo fdsdelolw|1�

Iru prvw uhjlrqv wkh qhw lpsdfw lv suhglfwhg wr eh dq dgyhuvh rqh/ lq sdu0

wlfxodu/ li pruh wkdq d prghudwh zduplqj wdnhv sodfh1 Krzhyhu/ lq frqwudvw

wr prvw hqylurqphqwdo sureohpv wkh ryhudoo h�hfw ri joredo zduplqj pd| eh

ehqh�fldo iru vrph uhjlrqv1 Wkhuhiruh/ prghov ri folpdwh ulvn vkrxog doorz

iru ydu|lqj h�hfwv ri joredo zduplqj/ dqg/ lq sduwlfxodu/ wkh srvvlelolw| ri d

ihz uhjlrqv dfwxdoo| ehqh�wlqj iurp joredo zduplqj1
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Fkdswhu 6

Xqnqrzq Ulvnv

Wkh dqdo|vlv lq Fkdswhuv 8 wr ; ehorz lv frqfhuqhg zlwk wkh h�hfw ri lqvxu0

dqfh lqvwuxphqwv rq plwljdwlrq ri folpdwh fkdqjh1 Lq sduwlfxodu/ Fkdswhuv

8 wr : lqyhvwljdwh zkhwkhu wkh LSFF fodlp krogv wuxh/ l1h1 zkhwkhu vhfxul0

wlhv gh�qhg rq wkh folpdwh vwdwh/ odwhu fdoohg folpdwh vhfxulwlhv/ fdq uhgxfh

iuhh0ulglqj ehkdylrxu zlwk uhvshfw wr dedwhphqw ri juhhqkrxvh jdvhv14 Dv

h{sodlqhg lq wkh Lqwurgxfwlrq wklv fodlp zdv lqvsluhg e| d ulvn0ehdulqj ds0

surdfk iru vr0fdoohg xqnqrzq ulvnv zklfk zdv ghyhorshg lq Fklfkloqlvn|

dqg Khdo ^4<<5` dqg voljkwo| prgl�hg lq Fklfkloqlvn| dqg Khdo ^4<<;`1

Wklv dssurdfk surylghv d iudphzrun iru wkh doorfdwlrq ri xqnqrzq ulvnv e|

frpelqlqj wzr gl�huhqw nlqgv ri �qdqfldo lqvwuxphqwv/ Duurz vhfxulwlhv/5 rq

wkh rqh kdqg/ dqg pxwxdo lqvxudqfh frqwudfwv/ rq wkh rwkhu kdqg1 Krzhyhu/

Fklfkloqlvn| dqg Khdo*v pdlq uhvxow lv rqo| vkrzq iru lghqwlfdo eholhiv

zklfk lv d pdmru gh�flhqf| lq wkh frqwh{w ri xqnqrzq ulvnv1 LqNolpsho dqg

Uhtxdwh ^5333` wkh dssurdfk ri Fklfkloqlvn| dqg Khdo lv jhqhudol}hg

wr lqfoxgh wkh fdvh ri gl�hulqj eholhiv1

Wklv fkdswhu vxppdul}hv wkh xqnqrzq ulvnv dssurdfk dqdo|vhg lq Fkl0

fkloqlvn| dqg Khdo dqg Nolpsho dqg Uhtxdwh lq rughu wr looxvwudwh

krz wkh xvh ri folpdwh vhfxulwlhv dv lqvxudqfh lqvwuxphqw lq Fkdswhuv 8 wr

; zdv lqvsluhg e| wkdw dssurdfk1 Wkh suhvhqwdwlrq lv edvhg rq wkh pruh

jhqhudo uhvxowv lq Nolpsho dqg Uhtxdwh ^5333`1

4Wklv zdv fodlphg lq Duurz/ Sdolnk dqg Sloohw ^4<<9` zklfk lv sduw ri wkh LSFF*v
Vhfrqg Dvvhvvphqw Uhsruw1

5Vxfk lqvwuxphqwv zhuh �uvw lqwurgxfhg lq Duurz ^4<86`1

4:
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614 Lqwurgxfwlrq wr Xqnqrzq Ulvnv

Lq uhfhqw |hduv/ d qxpehu ri qhz ulvnv kdyh hphujhg/ h1j1 wkh ulvnv ri joredo

zduplqj/ r}rqh ghsohwlrq ru EVH/ dqg/ pruh uhfhqwo|/ wkh irrw dqg prxwk

glvhdvh1 Wkhvh ulvnv duh kdug wr pdqdjh vlqfh zh nqrz wrr olwwoh derxw

wkhp1 Lq sduwlfxodu/ lw lv qrw srvvleoh wr dvvrfldwh remhfwlyh suredelolwlhv

zlwk gl�huhqw srvvleoh frqvhtxhqfhv vlqfh wkhuh lv wrr olwwoh gdwd dydlodeoh1

Dv srlqwhg rxw lq Fklfkloqlvn| dqg Khdo ^4<<;` vrph ri wkhvh ulvnv/

h1j1 joredo zduplqj/ duh hyhq xqnqrzdeoh/ l1h1 wkhuh fdq eh qr uhshwlwlrq ri

vxfk hyhqwv1

Fklfkloqlvn| dqg Khdo vwxg| h{fkdqjh hfrqrplhv zlwk xqnqrzq ulvnv

lq wkh iroorzlqj vhqvh1 Hdfk krxvhkrog idfhv wkh ulvn ri ehlqj lq rqh ri P

lqglylgxdo vwdwhv1 Wkh ulvn lv xqnqrzq/ exw hdfk krxvhkrog kdv d vxemhf0

wlyh suredelolw| glvwulexwlrq dfurvv wkh vwdwhv ri wkh zruog1 Lq sulqflsoh/

wkh iudphzrun ri Fkdswhu : lq Gheuhx ^4<8<` fdq eh dssolhg/ l1h1 d frp0

sohwh vhw ri frqwlqjhqw pdunhwv zrxog ohdg wr d Sduhwr h!flhqw doorfdwlrq1

Krzhyhu/ Fklfkloqlvn| dqg Khdo hpskdvl}h wkdw �wklv dssurdfk pd| eh

lpsudfwlfdeoh dv wkh qxpehu ri pdunhwv qhhghg zlwk lqglylgxdo ulvnv ^111` ulvhv

h{srqhqwldoo| zlwk wkh qxpehu ri djhqwv lq wkh hfrqrp|1� Wkh uhdvrq lv wkdw

d frqwlqjhqw pdunhw dssurdfk uhtxluhv ghflvlrqv ryhu wkh frpsohwh hqxphu0

dwlrq ri doo srvvleoh frpelqdwlrqv ri lqglylgxdov dqg vwdwhv ryhu wkh zkroh

srsxodwlrq ri dq hfrqrp|1

Wkhuhiruh Fklfkloqlvn| dqg Khdo sursrvh dq dowhuqdwlyh iudphzrun6

zklfk xvhv d pl{ ri wzr w|shv ri �qdqfldo lqvwuxphqwv/ pxwxdo lqvxudqfh frq0

wudfwv/ rq wkh rqh kdqg/ dqg Duurz vhfxulwlhv/ rq wkh rwkhu kdqg1 Wkh| dujxh

wkdw djhqwv idfh wzr w|shv ri xqfhuwdlqw|/ froohfwlyh xqfhuwdlqw| zlwk uhvshfw

wr wkh ryhudoo glvwulexwlrq ri wkh ulvn/ dqg � jlyhq wkh ryhudoo glvwulexwlrq �

wkh uhpdlqlqj lqglylgxdo ulvn1 Wkh ryhudoo glvwulexwlrq ri wkh xqnqrzq ulvn

fdq eh ghvfulehg e| wkh fruuhvsrqglqj vwdwlvwlfdo vwdwh1 Wkh vwdwlvwlfdo vwdwh

vshfl�flhv wkh glvwulexwlrq ri lqglylgxdov dfurvv wkh vhw ri lqglylgxdo vwdwhv/

exw qhjohfwv wkhlu lghqwlw|1 Duurz vhfxulwlhv ghdo zlwk wkh froohfwlyh dvshfw

ri wkh xqnqrzq ulvn/ l1h1 zklfk vwdwlvwlfdo vwdwh hphujhv/ zkhuhdv pxwxdo

lqvxudqfh frqwudfwv lqvxuh wkh lqglylgxdo ulvn jlyhq d fhuwdlq ryhudoo glvwulex0

6Vxfk d iudphzrun lv dovr xvhg lq Fdvv/ Fklfkloqlvn| dqg Zx ^4<<9`1
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wlrq/ l1h1 jlyhq d fhuwdlq vwdwlvwlfdo vwdwh1 Wkh ghfrpsrvlwlrq ri wkh xqnqrzq

lqglylgxdo ulvn lv looxvwudwhg lq Iljxuh 6141

Iljxuh 614= Looxvwudwlrq ri wkh ghfrpsrvlwlrq ri wkh xqnqrzq lqglylgxdo ulvn

lqwr froohfwlyh xqfhuwdlqw| zlwk uhvshfw wr wkh vwdwlvwlfdo vwdwh dqg lqglylgxdo

ulvn jlyhq wkh vwdwlvwlfdo vwdwh1 Hdfk frpsrqhqw ri wkh xqnqrzq lqglylgxdo

ulvn lv ghdow zlwk e| wkh dssursuldwh �qdqfldo lqvwuxphqw1

Iru lghqwlfdo eholhivFklfkloqlvn| dqg Khdo vkrz wkdw lq d frpshwlwlyh

frqwlqjhqw htxloleulxp hdfk djhqw*v htxloleulxp frqvxpswlrq ghshqgv rq wkh

vwdwlvwlfdo vwdwh rqo|1 Exloglqj rq wklv uhvxow/ wkh| ixuwkhu vkrz wkdw frqwlq0

jhqw pdunhw htxloleuld � nqrzq wr eh Sduhwr0h!flhqw � fdq dovr eh vxssruwhg

lq d iudphzrun zlwk Duurz Vhfxulwlhv dqg pxwxdo lqvxudqfh frqwudfwv1

Reylrxvo|/ wkh dvvxpswlrq ri lghqwlfdo eholhiv lv h{wuhpho| fulwlfdo lq wkh

frqwh{w ri xqnqrzq ulvnv1 Krzhyhu/ lq Nolpsho dqg Uhtxdwh ^5333` wkh

deryh uhvxowv duh jhqhudol}hg wr wkh fdvh ri gl�hulqj eholhiv1 Pruhryhu/ vrph

 dzhg uhvxowv iru wkh fdvh ri gl�huhqw eholhiv lq Fklfkloqlvn| dqg Khdo

^4<<5` dqg Fklfkloqlvn| dqg Khdo ^4<<;` duh fruuhfwhg1 Wkhuhiruh/ hyhq

zlwk gl�hulqj eholhiv frqwlqjhqw pdunhw htxloleuld fdq eh dfklhyhg e| pxwxdo

lqvxudqfh frqwudfwv dqg Duurz vhfxulwlhv1

D vlplodu ghfrpsrvlwlrq lv lqwurgxfhg iru fdwdvwursklf ulvnv lq Vfkohvlq0

jhu ^4<<<`1 Vfkohvlqjhu ghfrpsrvhv orvvhv lqwr wzr pxowlsolfdwlyh frpsr0

qhqwv/ rqh lqghshqghqw dprqj lqvxuhgv dqg rqh kljko| fruuhodwhg1 Pdjloo
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dqg Vkdihu ^4<<5` dovr xvh d uhodwhg dssurdfk wr wkh doorfdwlrq ri froohfwlyh

dqg lqglylgxdo ulvnv1

615 Wkh Prgho

Frqvlghu d sxuh h{fkdqjh hfrqrp| zlwk M frqvxphuv dqg ghqrwh wkh vhw ri

frqvxphuv e| �M G' i�c � � � c Mj�

Vwdwhv

Wkuhh gl�huhqw w|shv ri vwdwhv/ gh�qhg ehorz/ zloo eh xvhg lq wkh dqdo|vlv=

lqglylgxdo vwdwhv/ froohfwlyh vwdwhv dqg vwdwlvwlfdo vwdwhv1

Ohw �P G' i�c � � � cPj eh wkh vhw ri lqglylgxdo vwdwhv7 wkdw fdq rffxu iru

dq lqglylgxdo frqvxphu1 Lqlwldo hqgrzphqwv ghshqg rq wkh lqglylgxdo vwdwh

rqo|/ wkxv uh hfwlqj wkh lqglylgxdo frpsrqhqw ri wkh xqnqrzq lqglylgxdo ulvn1

Pruhryhu/ lw lv dvvxphg wkdw wklv ghshqgdqfh lv wkh vdph iru doo krxvhkrogv1

Wkh froohfwlyh vwdwh ri wkh hfrqrp| fdq eh ghvfulehg e| d olvw ri wkh

lqglylgxdo vwdwhv ri hdfk frqvxphu/ l1h1 dq M�wxsoh / ' Ej�c � � � c jM� zlwk

j� 5 �P iru doo � 5 �M1 Irupdoo|/ d froohfwlyh vwdwh / lv d ixqfwlrq / G �M $ �P

zlwk � :$ /E��� Wkhuhiruh/ l G' i/ m / G �M $ �Pj lv wkh vhw ri froohfwlyh

vwdwhv1 Fohduo|/ mlm ' PM �

Wkh ryhudoo glvwulexwlrq ri wkh xqnqrzq ulvn lv fkdudfwhul}hg e| krzpdq|

frqvxphuv duh lq d fhuwdlq lqglylgxdo vwdwh/ zkhuhdv zkr lv lq zklfk lqglylg0

xdo vwdwh lv qrw uhohydqw iurp wkh froohfwlyh srlqw ri ylhz1 Uhfdoo wkdw e|

gh�qlwlrq/ /E�� lv wkh lqglylgxdo vwdwh ri frqvxphu � lq wkh froohfwlyh vwdwh

/c dqg gh�qh �M/
j G' i� 5 �M m /E�� ' jj dv wkh vhw ri doo frqvxphuv zkr �qg

wkhpvhoyhv lq wkh lqglylgxdo vwdwh j zkhq wkh froohfwlyh vwdwh lv /1 Wkhq wkh

vhwv E �M/
j �jM�P irup d sduwlwlrq ri �Mc l1h1 ^jM�P �M/

j ' �M ;/ 5 l� Qrz gh�qh

iru j 5 �P

ojE/� G'
m �M/

j m
M

+614,

dv wkh sursruwlrq ri doo frqvxphuv zkr duh lq wkh lqglylgxdo vwdwh j zkhq wkh

froohfwlyh vwdwh lv /1 Fohduo|/
S

jM�P ojE/� ' � e| +614, dqg wkh gh�qlwlrq ri

7Zlwkrxw orvv ri jhqhudolw| wklv vhw lv dvvxphg wr eh wkh vdph iru doo frqvxphuv1
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�M/
j vr wkdw oE/� G' Eo�E/�c � � � c oPE/�� 5 {P lv wkh glvwulexwlrq8 ri frqvxphuv

ryhu wkh lqglylgxdo vwdwhv lq wkh froohfwlyh vwdwh /1 Zh fdoo oE/� d vwdwlvwlfdo

vwdwh vlqfh lw frqwdlqv wkh vwdwlvwlfdo lqirupdwlrq derxw krz pdq| frqvxphuv

duh lq d fhuwdlq lqglylgxdo vwdwh/ exw grhv qrw vshfli| zkr lv lq zklfk lq0

glylgxdo vwdwh1 Ohw - G' oEl� � {P eh wkh vhw ri vwdwlvwlfdo vwdwhv1 E|

xvh ri vlpsoh frpelqdwrulfv lw lv hdv| wr suryh wkdw m-m ' �
MnP3�
P3�

�
1 Fohduo|/

m-m 	 mlm iru P � 219

Jlyhq d fhuwdlq vwdwlvwlfdo vwdwh/ wkhuh lv rqo| lqglylgxdo ulvn1 Wkh xq0

nqrzqqhvv ri wkh lqglylgxdo ulvn lv uh hfwhg lq wkh prgho e| frqvxphuv kdylqj

gl�huhqw eholhiv derxw wkh vwdwlvwlfdo vwdwh1 Vxpplqj xs/ wkh xqnqrzq lqgl0

ylgxdo ulvn lv uhsuhvhqwhg e| froohfwlyh xqfhuwdlqw| derxw wkh vwdwlvwlfdo vwdwh

dqg lqglylgxdo ulvn iru d jlyhq vwdwlvwlfdo vwdwh1

Suredelolw| glvwulexwlrqv dfurvv froohfwlyh dqg vwdwlvwlfdo vwdwhv

Qrz wxuq wr wkh vxemhfwlyh eholhiv derxw wkh vwdwhv ri wkh zruog1: Ohw ��

ghqrwh wkh vxemhfwlyh suredelolw| glvwulexwlrq ri frqvxphu � ryhu wkh vhw

ri froohfwlyh vwdwhv l1 Dvvxph wkdw ��
/ G' ��E/� : f iru doo � 5 �M dqg

/ 5 l1 Wkh iroorzlqj dvvxpswlrq derxw wkh suredelolwlhv ��/ ruljlqdwlqj

lq Pdolqydxg ^4<:6` dqg ehlqj uhfdoohg e| Fklfkloqlvn| dqg Khdo/ lv

lpsruwdqw iru wkh pdlq uhvxowv1

Dvvxpswlrq 4 +Dqrq|plw| Dvvxpswlrq,
Iru hdfk frqvxphu � 5 �Mc zh kdyh

��
/ ' ��

	/ ;/c 	/ 5 l zlwk oE/� ' oE	/�� +615,

E| wkh Dqrq|plw| Dvvxpswlrq dq| wzr froohfwlyh vwdwhv ohdglqj wr wkh vdph

vwdwlvwlfdo vwdwh duh frqvlghuhg htxdoo| olnho| e| doo frqvxphuv1 Gh�qlqjlo G'

i/ 5 l m oE/� ' oj iru o 5 -/ wkh Dqrq|plw| Dvvxpswlrq lpsolhv; wkdw wkh

8� ghqrwhv wkh xqlw lqwhuydo ^3> 4`=
9Qrwh wkdw mUm lv d sro|qrpldo lq K/ zkhuhdv m
m lqfuhdvhv h{srqhqwldoo| zlwk K1 Wklv

zloo eh ri lpsruwdqfh odwhu rq zkhq zh qhhg �qdqfldo dvvhwv iru hdfk vwdwh1
:Iru frqyhqlhqfh zh vwduw zlwk vxemhfwlyh suredelolw| glvwulexwlrqv ryhu froohfwlyh vwdwhv

iurp zklfk zh zloo odwhu ghulyh wkh glvwulexwlrqv ryhu vwdwlvwlfdo vwdwhv1
;Wkhuh vkrxog eh qr frqixvlrq e| xvlqj wkh vdph v|pero iru wkh ixqfwlrq u+�, dqg d

vwdwlvwlfdo vwdwh u 5 U1
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vxemhfwlyh suredelolwlhv duh wkh vdph iru doo vwdwhv lq lo/ l1h1

��
/ ' ��

	/ 'G ��
o ;/c 	/ 5 loc ;� 5 �M� +616,

Qrwh wkdw �V
oM-lo ' l e| gh�qlwlrq ri lo1 Wkh Dqrq|plw| Dvvxpswlrq lv

looxvwudwhg lq Iljxuh 6151

Iljxuh 615= Looxvwudwlrq ri wkh Dqrq|plw| Dvvxpswlrq1 Wkh suredelolwlhv ��
/

duh frqvwdqw zlwklq hdfk vxevhw lo ri wkh froohfwlyh vwdwh vhw l�

Frqfhuqlqj wkh frqglwlrqdo suredelolw| ��
j�o ri frqvxphu � iru ehlqj lq

wkh lqglylgxdo vwdwh j jlyhq wkh vwdwlvwlfdo vwdwh o zh kdyh wkh iroorzlqj

Ohppd 4

��
j�o ' oj ;�c jc o1 +617,

Wkh surri lv jlyhq lq Dsshqgl{ D1 E| Ohppd 4 wkh frqglwlrqdo suredelo0

lw| ��
j�o ri frqvxphu � iru ehlqj lq wkh lqglylgxdo vwdwh j jlyhq wkh vwdwlvwlfdo

vwdwh o htxdov wkh sursruwlrq ri frqvxphuv lq wkh lqglylgxdo vwdwh j +jlyhq

wkh vwdwlvwlfdo vwdwh o,1

Frqvxpswlrq vhwv dqg suhihuhqfhv

Ohw u 5 U� eh wkh qxpehu ri frpprglwlhv1 Zlwklq d frqwlqjhqw pdunhwv

iudphzrun wkh frpprglw| vsdfh irupdoo| ehfrphv U-uPM c dqg wkh frqvxps0

wlrq vhw ri frqvxphu � lv U-uPM

n 1 Ohw 5� ' E5�/�/Ml 5 U-uPM

n ghqrwh d

frqvxpswlrq yhfwru ri frqvxphu � dqg 5�/ 5 U-u
n wkh frqvxpswlrq ri � lq
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wkh froohfwlyh vwdwh /1 Ixuwkhu ohw e�j ' ej 5 U-u
nn eh wkh lqlwldo hqgrzphqw ri

frqvxphu � zkhq vkh ru kh lv lq wkh lqglylgxdo vwdwh jE� 5 �Mc j 5 �P�1 Wkhq

wkh lqlwldo hqgrzphqw e�/ ri frqvxphu � lq wkh froohfwlyh vwdwh / lv jlyhq e|

e�/E�� 5 U-u
nnE� 5 �Mc/ 5 l�� Dffruglqjo|/ e� G' Ee�/E���/Ml 5 U-uPM

nn gh�qhv

wkh lqlwldo hqgrzphqw ri � ryhu doo froohfwlyh vwdwhv1

Dvvxpswlrq 5
Wkh suhihuhqfhv ri frqvxphu � fdq eh uhsuhvhqwhg e| d xwlolw| ixqfwlrq L� G

U-uPM �$ U- zlwk

L�E5�� G'
[
/Ml

��
/�

�E5�/� +618,

zkhuh �� G U-u
n �$ U- lv wzlfh frqwlqxrxvo| gl�huhqwldeoh/ vwulfwo| lqfuhdvlqj

dqg vwulfwo| frqfdyh iru doo � 5 �M�

Wkxv/ �� lv d xwlolw| ixqfwlrq ri wkh yrq Qhxpdqq0Prujhqvwhuq w|sh

zkhuhdv L� ghqrwhv wkh h{shfwhg xwlolw| ixqfwlrq ri frqvxphu �1 Dvvxps0

wlrq 5 lpsolhv wkdw wkh frqvxphu ghpdqg fruuhvsrqghqfhv duh frqwlqxrxv

ixqfwlrqv1<

616 Surshuwlhv ri Frqwlqjhqw Pdunhw Htxlole0
ulxp

Dowkrxjk frqwlqjhqw pdunhwv duh qrw dq dssursuldwh iudphzrun iru xqnqrzq

ulvnv/ wkhlu zhoo�nqrzq surshuwlhv fdq eh h{sorlwhg iru wkh pdlq uhvxow/ suh0

vhqwhg lq Vhfwlrq 617 ehorz1 Frqvlghu d frpsohwh v|vwhp ri frqwlqjhqw pdu0

nhwv zlwk uhjdug wr wkh vhw ri froohfwlyh vwdwhv l� Wkh zhoo�nqrzq uhvxowv

frqfhuqlqj h{lvwhqfh ri htxloleuld dqg wkhlu surshuwlhv wkhq krog1 Lq sduwlf0

xodu/ frqwlqjhqw pdunhw htxloleuld duh Sduhwr�h!flhqw e| wkh Iluvw Zhoiduh

Wkhruhp1 Krzhyhu/ wkh glvdgydqwdjhv ri wkh frqwlqjhqw pdunhw dssurdfk

duh dovr reylrxv1 Dvvxplqj wkh h{lvwhqfh ri d frpsohwh v|vwhp ri frqwlqjhqw

pdunhwv zlwk uhvshfw wr wkh vwdwh vsdfh l lv wdqwdprxqw wr frqvlghulqj dq

<Vhh Dolsudqwlv/ Eurzq dqg Exunlqvkdz ^4<<3`/ Wkhruhp 4161; rq sdjh 571
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Duurz�Gheuhx hfrqrp| zlwk uPM frpprglwlhv1 Vlqfh wkh qxpehu ri pdu0

nhwv ulvhv h{srqhqwldoo| zlwk wkh qxpehu ri frqvxphuv/ d frpsohwh v|vwhp ri

frqwlqjhqw pdunhwv lv xqolnho| wr eh hvwdeolvkhg1

Sursrvlwlrq 4 ehorz/ zklfk jhqhudol}hv Sursrvlwlrq 4 ri Fklfkloqlvn|

dqg Khdo ^4<<;`/ vkrzv wkdw � jlyhq wkh dvvxpswlrqv deryh � wkhuh lv vrph

uhgxqgdqf| lq frqwlqjhqw pdunhw htxloleulxp lq wkh vhqvh wkdw htxloleulxp

sulfhv dqg doorfdwlrqv duh frqvwdqw iru hdfk vwdwlvwlfdo vwdwh/ l1h1 zlwklq fhuwdlq

jurxsv ri froohfwlyh vwdwhv1

Sursrvlwlrq 4
Ohw ERWc 5W� ' EERW/�/Mlc E5

W
�/�/Mlc�M �M� 5 U-uPM

nn � U-uPMM
n eh d frqwlqjhqw

pdunhw htxloleulxp1 Zulwh 5W/ G' E5W�/��M �M 5 U-uM
n dqg 5W� G' E5W�/�/Ml 5

U-uPM

n � Wkhq

5W/ ' 5Wo ;/ 5 loc ;o 5 -c +619,

dqg RW/ ' RWo ;/ 5 loc ;o 5 -� +61:,

Wkh surri lv jlyhq lq Dsshqgl{ D1 Lq frqwudvw wr Fklfkloqlvn| dqg

Khdo ^4<<;`/ lghqwlfdo eholhiv duh qrw dvvxphg lq Nolpsho dqg Uhtxdwh

^5333`1 Wklv h{whqgv wkh udqjh ri dssolfdwlrq ri wkh prgho frqvlghudeo|/

ehfdxvh li ulvnv duh xqnqrzq/ lw lv h{wuhpho| xqolnho| wkdw doo frqvxphuv kdyh

wkh vdph/ srvvleo| zurqj suredelolw| eholhiv1

617 Hfrqrplhv zlwk Vhfxulwlhv dqgPxwxdo Lq0
vxudqfh Frqwudfwv

Uhfdoo iurp Vhfwlrq 615 wkdw wkh xqnqrzq lqglylgxdo ulvn kdv d froohfwlyh

dqg dq lqglylgxdo frpsrqhqw1 Zkhuhdv vhfxulwlhv duh vxlwdeoh iru froohfwlyh

xqfhuwdlqw|/ wkh dghtxdwh zd| ri ghdolqj zlwk lqglylgxdo ulvn lv wkh xvh ri

lqvxudqfh pdunhwv1 Iru wklv uhdvrq Fklfkloqlvn| dqg Khdo lqwurgxfh

wkh dssursuldwh nlqg ri dvvhw iru hdfk frpsrqhqw ri wkh xqnqrzq lqglylgxdo

ulvn1 Duurz Vhfxulwlhv gh�qhg rq vwdwlvwlfdo vwdwhv hqdeoh frqvxphuv wr lqvxuh

wkhpvhoyhv djdlqvw wkh froohfwlyh xqfhuwdlqw| zlwk uhvshfw wr wkh vwdwlvwlfdo

vwdwh/ zkhuhdv wkh uhpdlqlqj lqglylgxdo ulvn fdq eh lqvxuhg e| d vxlwdeoh vhw

ri pxwxdo lqvxudqfh frqwudfwv frqwlqjhqw rq wkh vwdwlvwlfdo vwdwh1
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Dvvxph wkdw wkhuh lv d frpsohwh v|vwhp ri Duurz vhfxulwlhv Eko�oM- zkhuh

�k� vwdqgv iru �Duurz Vhfxulwlhv�1 Vhfxulw| ko lv d frqwudfw sd|lqj rqh xqlw

ri wkh qxpìudluh�jrrg li wkh vwdwlvwlfdo vwdwh wxuqv rxw wr eh o dqg qrwklqj

rwkhuzlvh143 Dvvxph wkdw vhfxulw| pdunhwv duh frpshwlwlyh dqg ghqrwh wkh

sulfh ri vhfxulw| ko e| ^o 5 U-n iru o 5 -1 Gh�qh wkh yhfwru ri vhfxulw| sulfhv

dv ^ G' E^�c � � � c ^�-�� 5 U-�-�
n �

Ghqrwh e| r�o 5 U- wkh dprxqw ri vhfxulw| ko erxjkw +ru vrog lq fdvh ri

r�o 	 f/ uhvshfwlyho|, e| frqvxphu �1 Iru � 5 �M gh�qh r� G' Er�� c � � � c r
�
�-�� 5

U-�-� dqg r G' Er�c � � � c rM� 5 U-�-�M 1

Pxwxdo lqvxudqfh lv prghoohg dv iroorzv1 Iru hdfk vwdwlvwlfdo vwdwh o frq0

vxphu � fkrrvhv d yhfwru ri lqvxudqfh wudqvihuv 6�
o G' E6�

�oc � � � c 6
�
Po� 5 U-Pc

zkhuh 6�
jo 5 U- lv wkh wudqvihu uhfhlyhg +ru sdlg, e| frqvxphu � li wkh vwdwlv0

wlfdo vwdwh lv o dqg klv lqglylgxdo vwdwh lv j� Hdfk frqvxphu fkrrvhv d wxsoh

6� G' E6�
� c � � � c 6

�
�-�� ri lqvxudqfh yhfwruv1

Dvvxpswlrq 6 Frqvxphu � fdq fkrrvh klv wxsoh ri lqvxudqfh yhfwruv iurp

wkh vhw

�� G'

+
6� 5 U-P�-�m

P[
j'�

��
j�o6

�
j�o ' f ;o 5 -

,
� +61;,

E| Dvvxpswlrq 6/ jlyhq d vwdwlvwlfdo vwdwh o/ frqvxphu � fdq fkrrvh dq|

lqvxudqfh yhfwru 6�
o zlwk frqwlqjhqw h{shfwdwlrq ri }hur1 Wklv phdqv/ wkh

lqvxudqfh yhfwruv kdyh wr eh dfwxduldoo| idlu1

Dq hfrqrp| zlwk vhfxulwlhv dqg pxwxdo lqvxudqfh frqwudfwv vdwlvi|lqj wkh

deryh uhtxluhphqwv zloo eh ghqrwhg H7U lq wkh iroorzlqj1 Wkh exgjhw vhw ri

frqvxphu � lq H7U dw vsrw pdunhw sulfhv R dqg vhfxulw| sulfhv ^ lv jlyhq e|

��
7UERc ^( e

�� G'

+
E5�c r

�c 6�� 5U-uPM

n �U-�-��U-P�-�

����� E5�c r
�c 6�� vdwlv�hv

E��b�c E���f�c E�����

,
c

zkhuh

R/E5�/ � e�/� ' r�oE/� n6�
/E�� oE/� ;/ 5 lc +61<,[

o

^or
�
o ' fc +6143,

[
j

��
j�o6

�
jo ' f ;o 5 -� +6144,

43Irupdoo|/ �u lv gh�qhg dv wkh u�wk xqlw yhfwru lq LUmUm+u 5 U,=
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Htxdwlrq +61<, uhsuhvhqwv wkh exgjhw frqvwudlqwv ri frqvxphu � rq wkh vsrw

pdunhwv lq wkh froohfwlyh vwdwhv zkhuh wkh uljkw kdqg vlgh frqvlvwv ri lqfrph

+ru reoljdwlrqv, iurp wkh sruwirolr ri vhfxulwlhv dqg wkh pxwxdo lqvxudqfh

yhfwru1 Htxdwlrq +6143, hqvxuhv wkdw klv ru khu sruwirolr lv vhoi0�qdqflqj

+wkhuh duh qr hqgrzphqwv lq vhfxulwlhv, zkhuhdv +6144, uhtxluhv wkh lqvxudqfh

yhfwruv wr eh dfwxduldoo| idlu1

Vrphwlphv/ rqo| wkh �uvw frpsrqhqw ri wkh wxsohv frqwdlqhg lq wkh exgjhw

vhw lv uhohydqw1 Khqfh gh�qh wkh surmhfwlrq rqwr wklv frpsrqhqw

	��
7UERc ^( e

�� G'

+
5� 5 U-uPM

n

����� <r� 5 U-�-�c 6� 5 U-P�-�

E5�c r
�c 6�� 5 ��

7UERc ^( e
��

,
�

Ilqdoo|/ zh irupdoo| gh�qh wkh qrwlrq ri htxloleulxp lq dq hfrqrp| zlwk

vhfxulwlhv dqg lqvxudqfh1 Grlqj wklv zh iroorz wkh lqwxlwlrq suhvhqwhg lq wkh

sdshuv e| Fklfkloqlvn| dqg Khdo ^4<<5` dqg Fklfkloqlvn| dqg Khdo

^4<<;` zkhuh qr irupdo gh�qlwlrq zdv jlyhq1

Gh�qlwlrq 4 Dq htxloleulxp lq dq hfrqrp| zlwk vhfxulwlhv dqg pxwxdo lq0

vxudqfh frqwudfwv +htxloleulxp lq H7U, lv d wxsoh ERWc ^Wc 5Wc rWc6W� 5 U-uPM

nn �
U-

�-�
nn � U-uPMM

n � U-�-�M � U-�-�PM vdwlvi|lqj

5W� 5 @h}4@ 
q
L�E5��m5� 5 	��

7UER
Wc ^W( e��

r
+6145,

dqg E5W�c r
�Wc 6�W� 5 ��

7UER
Wc ^W( e�� iru doo � 5 �Mc +6146,

dv zhoo dv
M[
�'�

E5W� � e�� ' f +6147,

dqg
M[
�'�

r�Wo ' f ;o 5 -� +6148,

Khuh/ +6145, uhtxluhv xwlolw| pd{lpl}dwlrq zlwk uhvshfw wr wkh exgjhw vhw

��
7UER

Wc ^W( e�� dw htxloleulxp sulfhv144 Htxdwlrq +6147, jxdudqwhhv pdunhw

fohdulqj rq wkh vsrw pdunhwv zkhuhdv +6148, hqvxuhv pdunhw fohdulqj rq wkh

vhfxulw| pdunhwv1

44Qrwh wkdw +6144, dqg +6145, jxdudqwhh wkdw lq hdfk vwdwlvwlfdo vwdwh wkh vxp ri suhpld
dqg sd|phqwv duh edodqfhg/ l1h1

S
k>� �

k
�mup

k�
�u @ 3 ;u 5 U= Vr wklv qhhg qrw eh

uhtxluhg lq wkh gh�qlwlrq ri htxloleulxp1
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618 Vxssruwlqj Frqwlqjhqw Pdunhw Htxlole0
uld lq Hfrqrplhv zlwk Vhfxulwlhv dqg Px0
wxdo Lqvxudqfh

Wklv vhfwlrq vkrzv wkdw hdfk frqwlqjhqw pdunhw htxloleulxp fdq eh vxssruwhg

dv dq htxloleulxp lq wkh fruuhvsrqglqj hfrqrp| zlwk vhfxulwlhv dqg pxwxdo

lqvxudqfh1 Vlqfh wkh H7U0htxloleulxp lv gh�qhg rq d odujhu vsdfh/ zh kdyh wr

�h{whqg� wkh frqwlqjhqw pdunhw htxloleulxp e| gh�qlqj vhfxulw| htxloleulxp

sulfhv/ htxloleulxp sruwirolrv dqg lqvxudqfh yhfwruv iru frqvxphuv vxfk wkdw

zh jhw dq htxloleulxp lq H7U � Lq frqwudvw wr Fklfkloqlvn| dqg Khdo ^4<<;`
htxdo eholhiv duh qrw dvvxphg/ jhqhudol}lqj wkhlu pdlq uhvxow frqvlghudeo|1

Li ERWc 5W� lv d frqwlqjhqw pdunhw htxloleulxp/ wkhq frqwlqjhqw pdunhw

htxloleulxp frqvxpswlrq rqo| ghshqgv rq wkh vwdwlvwlfdo vwdwh e| htxdwlrq

+619, lq Sursrvlwlrq 41 Wkhuhiruh zulwh 5�Wo G' 5W�/ iru o ' oE/��

Sursrvlwlrq 5
Ohw ERWc 5W� 5 U-uPM

nn � U-uPMM
n eh d frqwlqjhqw pdunhw htxloleulxp1 Gh�qh

^W 5 U-
�-�
nnc r

W 5 U-�-�M dqg 6W 5 U-P�-�M e|

^Wo G'mlom ;o 5 -c +6149,

r�Wo G'
P[

j'�

��
j�oR

W
oE5

�W
o � ej� ;o 5 -c ;� 5 �Mc +614:,

6�W
jo G'R

W
oE5

�W
o � ej�� r�Wo ;o 5 -c ;j 5 �Pc ;� 5 �M� +614;,

Wkhq ERWc 5Wc ^Wc rWc 6W� lv dq htxloleulxp lq wkh fruuhvsrqglqj hfrqrp| zlwk

vhfxulwlhv dqg pxwxdo lqvxudqfh frqwudfwv1

Wkh surri lv jlyhq lq Dsshqgl{ D1 Sursrvlwlrq 5 lv frqvwuxfwlyh lq wkh

vhqvh wkdw lw qrw rqo| suryhv wkdw frqwlqjhqw pdunhw htxloleuld fdq eh vxs0

sruwhg lq hfrqrplhv zlwk vhfxulwlhv dqg pxwxdo lqvxudqfh/ exw dovr vwdwhv

h{solflwho| krz sruwirolrv dqg lqvxudqfh yhfwruv dv zhoo dv vhfxulw| sulfhv

kdyh wr eh fkrvhq1 Wkh htxloleulxp doorfdwlrq ri vhfxulwlhv dqg lqvxudqfh

fdq eh lqwhusuhwhg dv iroorzv145 r�Wo lv wkh h{shfwhg ydoxh ri wkh h{fhvv gh0

pdqg ri frqvxphu � frqglwlrqdo rq ehlqj lq wkh vwdwlvwlfdo vwdwh oc vr wkdw rq
45Vhh Fklfkloqlvn| dqg Khdo ^4<<5` dqg Fklfkloqlvn| dqg Khdo ^4<<;`1
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dyhudjh klv exgjhw lv edodqfhg lq wkh vwdwh o� Ri frxuvh/ wkh dfwxdo ydoxh ri

wkh h{fhvv ghpdqg fdq gl�hu iurp wkh h{shfwhg ydoxh1 Wkh pxwxdo lqvxudqfh

frqwudfwv duh ghvljqhg wr pdnh xs iru wkhvh gl�huhqfhv146

Sursrvlwlrq 5 doorzv vhyhudo lpsruwdqw frqfoxvlrqv1 Iluvw ri doo/ lw whoov xv

wkdw lw lv srvvleoh wr kdyh Sduhwr0h!flhqw htxloleuld lq H7U � Pruh suhflvho|/

li zh kdyh dq H7U0htxloleulxp lqgxfhg e| d frqwlqjhqw htxloleulxp lq wkh

vhqvh ri Sursrvlwlrq 5/ wkhq wkh doorfdwlrq ri jrrgv lq wklv htxloleulxp lv

Sduhwr0h!flhqw1 Frqvlghulqj wklv Sursrvlwlrq lq frqqhfwlrq zlwk wkh Vhfrqg

Zhoiduh Wkhruhp/ zh fdq frqfoxgh wkdw hyhu| Sduhwr0h!flhqw doorfdwlrq fdq

eh vxssruwhg +li qhfhvvdu| diwhu d vxlwdeoh uhglvwulexwlrq ri hqgrzphqwv, lq

H7U � Vr wkh dqdorjxh wr wkh Vhfrqg Zhoiduh Wkhruhp krogv lq hfrqrplhv zlwk

vhfxulwlhv dqg pxwxdo lqvxudqfh/ zkhuhdv wklv lv qrw wuxh iru wkh Iluvw Zhoiduh

Wkhruhp1 +Iurp Sursrvlwlrq 5 zh fdq rqo| frqfoxgh wkdw d fhuwdlq nlqg ri

htxloleulxp lq H7U lv Sduhwr0h!flhqw1,
Sursrvlwlrq 5 dovr lpsolhv wkdw wkhuh duh dozd|v dw ohdvw dv pdq| htxl0

oleuld lq H7U dv lq wkh xqghuo|lqj frqwlqjhqw hfrqrp|1 Lq sduwlfxodu/ wkh

h{lvwhqfh ri frqwlqjhqw htxloleulxp lpsolhv wkh h{lvwhqfh ri htxloleulxp lq

wkh fruuhvsrqglqj H7U0hfrqrp|1 Rq wkh rwkhu kdqg/ li wkh frqwlqjhqw pdunhw
htxloleulxp lv qrw xqltxh/ wkh .7U0htxloleulxp fdqqrw eh xqltxh hlwkhu1

619 Vxppdu|

Wkh xqnqrzq ulvnv dssurdfk ghfrpsrvhv wkh xqnqrzq lqglylgxdo ulvn lqwr d

froohfwlyh dqg dq lqglylgxdo frpsrqhqw dqg lqwurgxfhv wkh dssursuldwh �qdq0

fldo lqvwuxphqw iru hdfk ri wkhvh frpsrqhqwv1 Wkh pdlq uhvxow lv wkdw zlwk d

frpelqdwlrq ri vhfxulwlhv dqg pxwxdo lqvxudqfh frqwudfwv d frqwlqjhqw pdu0

nhw htxloleulxp fdq eh vxssruwhg dv dq htxloleulxp zlwk uhvshfw wr wkh dgh0

txdwh htxloleulxp frqfhsw iru vxfk dq hfrqrp|1 Wkhuhiruh/ wkh dqdorjxh wr

wkh Vhfrqg Zhoiduh Wkhruhp krogv iru vxfk dq hfrqrp|/ l1h1 Sduhwr0h!flhqw

doorfdwlrqv fdq srwhqwldoo| eh ghfhqwudol}hg1

Lq sulqflsoh/ rqh pljkw frqvlghu dsso|lqj wkh xqnqrzq ulvnv dssurdfk wr

46pk�
�u lv wkh gl�huhqfh ehwzhhq wkh dfwxdo ydoxh ri wkh h{fhvv ghpdqg li wkh vwdwlvwlfdo

vwdwh lv u dqg wkh lqglylgxdo vwdwh � dqg wkh h{shfwhg ydoxh ri wkh h{fhvv ghpdqg iru wkh
vwdwh u1
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joredo zduplqj1 Wkdw zrxog lqyroyh/ �uvwo|/ gh�qlqj dq dssursuldwh vhw ri

+joredo, folpdwh vwdwhv/ fruuhvsrqglqj wr wkh vwdwlvwlfdo vwdwhv1 Fodvvl�fdwlrq

ri wkh folpdwh vwdwhv vkrxog wdnh lqwr dffrxqw doo uhohydqw sdudphwhuv/ iru

h{dpsoh wkrvh olvwhg lq Vhfwlrq 51415 deryh1 Vhfxulwlhv zrxog wkhq eh gh�qhg

zlwk uhvshfw wr wkhvh joredo folpdwh vwdwhv1 Pxwxdo lqvxudqfh frqwudfwv zrxog

eh zulwwhq frqglwlrqdo rq wkh rffxuuhqfh ri d fhuwdlq joredo folpdwh vwdwh/

duudqjlqj iru frpshqvdwlrq ehwzhhq gl�huhqwo| d�hfwhg sduwlhv1

Zkhuhdv vhfxulwlhv zulwwhq rq joredo folpdwh vwdwhv vhhp ihdvleoh/ dv du0

jxhg lq Fkdswhu 7 ehorz/ d frpsohwh vhw ri pxwxdo lqvxudqfh frqwudfwv/ frq0

wlqjhqw rq folpdwh vwdwhv/ zrxog eh xqolnho| wr eh hvwdeolvkhg1 Wkhuhiruh/

wkh dssurdfk/ dowkrxjk dq lpsuryhphqw uhodwlyh wr wkh frqwlqjhqw pdunhwv

ehqfkpdun/ vwloo odfnv lq sudfwlfdelolw|1

Uhfdoo dovr wkdw wklv dssurdfk lv sulpdulo| dq lqvxudqfh dssurdfk1 Lw lv

dlphg dw dfklhylqj dq h!flhqw doorfdwlrq ri folpdwh ulvn/ l1h1 wkh xqnqrzq

lqglylgxdo ulvn/ exw grhv qrw dwwhpsw wr plwljdwh folpdwh ulvn1 Vlqfh dw wkh

suhvhqw vwdjh folpdwh srolf| lv uljkwixoo| irfxvhg rq plwljdwlrq ri folpdwh

fkdqjh wklv dssurdfk pd| eh ehwwhu vxlwhg iru ixwxuh xvh dw d odwhu srlqw lq

wlph1

Krzhyhu/ wkrxjkwv rq wkh dssolfdwlrq ri wklv dssurdfk wr folpdwh fkdqjh

surpswhg wkh LSFF fodlp47 wkdw vxfk dq lqvxudqfh dssurdfk frxog dovr hq0

frxudjh plwljdwlrq1 Li wkdw fodlp zdv suryhg wr eh wuxh/ wklv zrxog vxevwdq0

wldoo| lqfuhdvh wkh dwwudfwlylw| ri wkh uhodwhg �qdqfldo lqvwuxphqwv/ l1h1 sul0

pdulo| folpdwh vhfxulwlhv/ iru suhvhqw xvh1

47Fi1 wkh Lqwurgxfwlrq1
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Fkdswhu 7

Uhohydqw qhz ghyhorsphqwv rq
�qdqfldo pdunhwv

Dw suhvhqw/ wkh �qdqfldo lqvwuxphqwv dqdo|vhg lq Fkdswhu 8 wr Fkdswhu ;

ehorz/ wkhuh fdoohg folpdwh vhfxulwlhv/ gr qrw +|hw, h{lvw lq uhdolw|1 Qhyhuwkh0

ohvv/ uhfhqw ghyhorsphqwv rq wkh lqwhuqdwlrqdo �qdqfldo pdunhwv vxjjhvw wkdw

�ehwwlqj rq wkh ixwxuh folpdwh vwdwh� frxog/ lq sulqflsoh/ ehfrph uhdolw| lq

wkh qhdu ixwxuh1 Gxulqj wkh odvw whq |hduv vhyhudo w|shv ri qhz �qdqfldo lq0

vwuxphqwv kdyh hphujhg/ hdfk ri wkhp vkdulqj d qxpehu ri wkh fkdudfwhulvwlfv

zlwk wkh folpdwh vhfxulwlhv vwxglhg ehorz1

Wklv fkdswhu lqwurgxfhv vrph ri wkhvh qhz �qdqfldo lqvwuxphqwv/ irfxvlqj

rq zhdwkhu ghulydwlyhv dqg lqvxudqfh ghulydwlyhv1 Pruhryhu/ lw frpsduhv wkh

fkdudfwhulvwlfv ri wkhvh lqvwuxphqwv wr wkrvh dvvxphg iru folpdwh vhfxulwlhv

ehorz1 Vlqfh folpdwh vhfxulwlhv duh edvlfdoo| d vlpsoh nlqg ri �folpdwh ghulyd0

wlyhv�/ wkhuh duh pdq| vlplodulwlhv1 Zhdwkhu ghulydwlyhv duh wkh lqvwuxphqwv

wkdw vhhp prvw vlplodu wr folpdwh vhfxulwlhv dqg duh wkhuhiruh suhvhqwhg �uvw1

714 Zhdwkhu ghulydwlyhv

71414 Ghyhorsphqw ri pdunhwv iru zhdwkhu ulvn

Zhdwkhu ulvn lv wkh xqfhuwdlqw| zlwk uhvshfw wr sur�wv gxh wr zhdwkhu yrodwlo0

lw|1 Wkh zhdwkhu kdv dq lpsdfw rq d odujh qxpehu ri lqgxvwulhv1 Lq sduwlfxodu

64
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xwlolw| dqg hqhuj| frpsdqlhv fdq idfh dq xqxvxdoo| orz ghpdqg iru hqhuj|

gxh wr d frro vxpphu +ohvv qhhg iru dlu frqglwlrqlqj, ru d plog zlqwhu +ohvv

qhhg iru khdwlqj,1 Rwkhu lqgxvwulhv/ udqjlqj iurp djulfxowxuh dqg frqvwuxf0

wlrq/ ryhu wudqvsruwdwlrq/ wrxulvp dqg wkh fdwhulqj wudgh wr wkh �op lqgxvwu|/

duh dovr vxemhfw wr vxevwdqwldo zhdwkhu ulvnv1 Dffruglqj wr wkh XV Ghsduw0

phqw ri Hqhuj|4 derxw 48( ri wkh XV JGS lv zhdwkhu ghshqghqw1 Iru

Hxursh/ hvwlpdwhv |lhog vlplodu �jxuhv1

Wkhuhiruh lw lv qrw vxusulvlqj wkdw lqvwuxphqwv iru khgjlqj djdlqvw zhdwkhu

ulvn/ vr fdoohg zhdwkhu ghulydwlyhv/ kdyh hphujhg gxulqj wkh sdvw �yh |hduv1

Vdqgru ^5333` gh�qhv zhdwkhu ghulydwlyhv dv �ulvn pdqdjhphqw wrrov edvhg

rq d ydulhw| ri phwulfv vxfk dv whpshudwxuh ru suhflslwdwlrq1� Wkhvh lqvwux0

phqwv hqdeoh �upv wkdw frxog eh dgyhuvho| d�hfwhg e| zhdwkhu  xfwxdwlrqv

wr khgjh djdlqvw wklv ulvn1

Zhdwkhu ghulydwlyhv �uvw ghyhorshg lq 4<<: lq wkh Xqlwhg Vwdwhv15 Wkh

zhdwkhu ghulydwlyh pdunhw zdv mxps vwduwhg gxulqj wkh Ho Qlôr zlqwhu ri

4<<:0<;/ rqh ri wkh vwurqjhvw vxfk hyhqwv rq uhfrug1 Dw wkdw srlqw/ pdq|

frpsdqlhv/ idfhg zlwk wkh srvvlelolw| ri vljql�fdqw hduqlqjv ghfolqhv ehfdxvh

ri dq xqxvxdoo| plog zlqwhu/ ghflghg wr khgjh wkhlu vhdvrqdo zhdwkhu ulvn1

Vlqfh wkhq wkh pdunhw kdv jurzq udslgo|1 Wkh frqyhujhqfh ri fdslwdo pdu0

nhwv dqg lqvxudqfh pdunhwv revhuyhg lq uhfhqw |hduv lv rqh ri wkh gulyhuv ri

wkh ghyhorsphqw ri wkh pdunhw iru zhdwkhu ghulydwlyhv1 Ehvlghv/ lqfuhdvlqj

lpsruwdqfh ri vkduhkroghu ydoxh kdv dovr gulyhq frpsdqlhv* lqfuhdvlqj ghvluh

iru edodqfh vkhhw surwhfwlrq djdlqvw wkh zhdwkhu16

Lq wkh ehjlqqlqj/ zhdwkhu ghulydwlyhv zhuh wudghg rq ryhu0wkh0frxqwhu

+RWF, pdunhwv/ l1h1 hdfk frqwudfw zdv qhjrwldwhg lqglylgxdoo|1 Vlqfh Vhs0

whpehu 4<<< vwdqgdugl}hg zhdwkhu ghulydwlyh frqwudfwv duh wudghg dw wkh

Fklfdjr Phufdqwloh H{fkdqjh +FPH,1 Erwk vwdqgdugl}hg lqvwuxphqwv dqg

ryhu0wkh0frxqwhu wudqvdfwlrqv duh ghvfulehg lq pruh ghwdlo lq Vhfwlrq 71415

ehorz1 Uhfhqwo|/ d qxpehu ri rqolqh h{fkdqjhv vshfldol}lqj lq vwdqgdugl}hg

4Fi1 Edqkdp ^4<<<`1
5Vdqgru ^5333` qrwhv wkdw �^d`owkrxjk wkhlu urrwv olh lq djulfxowxuh dqg fdwdvwursklf

hyhqwv +vxfk dv kxuulfdqhv,/ zhdwkhu ghulydwlyhv dfklhyhg d vhsdudwh lghqwlw| derxw wkuhh
|hduv djr ^l1h1 4<<:`1�

6Fi1 Pxhoohu dqg Judqgl ^5333`/ s1 41
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zhdwkhu ghulydwlyhv kdyh ehhq odxqfkhg dqg wkh Orqgrq Lqwhuqdwlrqdo Il0

qdqfldo Ixwxuhv dqg Rswlrqv H{fkdqjh +OLIIH, dovr sodqv wr vwduw wudglqj

zhdwkhu ghulydwlyhv vrrq1

71415 Ghvfulswlrq ri zhdwkhu ghulydwlyhv lqvwuxphqwv

Khdwlqj Ghjuhh Gd|v dqg Frrolqj Ghjuhh Gd|v

Khdwlqj Ghjuhh Gd|v +KGGv, dqg Frrolqj Ghjuhh Gd|v +FGGv, duh wkh prvw

w|slfdo uhihuhqfh sdudphwhuv iru zhdwkhu ghulydwlyhv1 KGGv duh d phdvxuh ri d

gd|*v frogqhvv1 Wkh Gdlo| Khdwlqj Ghjuhh Gd| +Gdlo| KGG, lv wkh qxpehu ri

ghjuhhv e| zklfk wkh gd|*v dyhudjh whpshudwxuh7 lv ehorz d edvh whpshudwxuh1

Wkh edvh whpshudwxuh lv xvxdoo| 98 ghjuhhv Idkuhqkhlw/8 exw vrphwlphv :8

ghjuhhv Idkuhqkhlw lq zduphu folpdwhv1 Wkh gdlo| KGG lv fdofxodwhg e|

vxewudfwlqj d gd|*v dyhudjh whpshudwxuh iurp 98 ghjuhhv Idkuhqkhlw +zklfk

fruuhvsrqgv wr 4; ghjuhhv Fhovlxv,/ l1h1 rqh gh�qhv

Gdlo| KGG G' 4@ Efc SD� I� gdlo| dyhudjh whpshudwxuh,1

Iru h{dpsoh/ dq dyhudjh gdlo| whpshudwxuh ri 73 ghjuhhv Idkuhqkhlw uhvxowv lq

d gdlo| KGG ri 58/ zkhuhdv iru dyhudjh gdlo| whpshudwxuhv deryh 98 ghjuhhv

I wkh gdlo| KGG lv }hur +qr khdwlqj lv uhtxluhg,1 Wkh FPH KGG Lqgh{ lv

dq dffxpxodwlrq ri gdlo| KGGv ryhu d fdohqghu prqwk1 Iru h{dpsoh/ dvvxph

wkh dyhudjh gdlo| KGGv iru d flw| lq wkh prqwk ri Qryhpehu zhuh 581 Zlwk

63 gd|v lq wkh prqwk ri Qryhpehu/ wkh KGG lqgh{ zrxog wkhq eh :83 +58

gdlo| KGGv { 63 gd|v,1

Vlploduo|/ d Frrolqj Ghjuhh Gd| +FGG, phdvxuhv wkh zdupwk ri d gd|

uhodwlyh wr wkh 98� I ehqfkpdun whpshudwxuh dqg lv gh�qhg e|

Gdlo| FGG G' 4@ Efc gdlo| dyhudjh whpshudwxuh� SD� I,1

7Wkh gdlo| dyhudjh whpshudwxuh lv phdvxuhg dv wkh dyhudjh ehwzhhq wkh gdlo| kljk dqg
gdlo| orz1

8Wkh fkrlfh ri 98� I fdq eh h{sodlqhg dv iroorzv1 Wkh xwlolw| lqgxvwu| xvhv 98� Idkuhq0
khlw dv d edvholqh ehfdxvh |hduv djr wkdw zdv wkh whpshudwxuh dw zklfk ixuqdfhv zrxog
eh vzlwfkhg rq1 Qrz lw lv xvhg dv d ehqfkpdun zlwk wkh dvvxpswlrq ehlqj wkdw iru hdfk
ghjuhh ehorz 98�> frqvxphuv zloo xvh pruh hqhuj| wr khdw wkhlu krphv dqg iru hdfk ghjuhh
deryh 98�> wkh| zloo frqvxph pruh hqhuj| wr uxq wkhlu dlu frqglwlrqhuv1
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Wkh FPH FGG Lqgh{ lv gh�qhg dffruglqjo|19 Wkh gh�qlwlrq ri wkh Gdlo|

KGG dqg wkh Gdlo| FGG lv looxvwudwhg lq Iljxuh 7141

Iljxuh 714= Looxvwudwlrq ri wkh Gdlo| KGG dqg wkh Gdlo| FGG1

Vwdqgdugl}hg lqvwuxphqwv

Dv phqwlrqhg deryh wkh Fklfdjr Phufdqwloh H{fkdqjh +FPH, zdv wkh �uvw

lqvwlwxwlrq wr r�hu vwdqgdugl}hg zhdwkhu ghulydwlyhv1 Wkh FPH r�huv ixwxuhv

dqg rswlrqv edvhg xsrq lqglfhv ri Khdwlqj Ghjuhh Gd|v +KGGv, dqg Frrolqj

Ghjuhh Gd|v +FGGv, iru vhohfwhg srsxodwlrq fhqwhuv dqg hqhuj| kxev zlwk

vljql�fdqw zhdwkhu uhodwhg ulvnv wkurxjkrxw wkh Xqlwhg Vwdwhv1: Fxuuhqwo|/

wkhvh frqwudfwv duh dydlodeoh iru whq flwlhv lq wkh Xqlwhg Vwdwhv1;

Wkh FPH KGG2FGG Lqgh{ ixwxuhv frqwudfwv duh ohjdoo| elqglqj djuhh0

phqwv wr ex| ru vhoo wkh ydoxh ri wkh KGG2FGG Lqgh{ dw d vshfl�hg ixwxuh

gdwh1 Lq frqwudvw wr rwkhu ixwxuhv frqwudfwv zklfk vshfli| sk|vlfdo gholyhu| ri

wkh xqghuo|lqj surgxfw wkh| duh fdvk vhwwohg1 Wkh KGG2FGG ixwxuhv kdyh d

qrwlrqdo ydoxh ri '433 wlphv wkh FPH KGG ru FGG Lqgh{ dqg duh txrwhg lq

9Wkh lqglfhv duh fdofxodwhg e| Hduwk Vdwhoolwh Frusrudwlrq/ dq lqwhuqdwlrqdo vhuylfhv
�up vshfldol}hg lq wkh ghyhorsphqw dqg dssolfdwlrq ri uhprwh vhqvlqj dqg jhrjudsklf
lqirupdwlrq whfkqrorjlhv1 Wkh KGG2FGG gdwd lv dydlodeoh/ xsgdwhg gdlo|/ rq wkh FPH
zhevlwh/ fi1 FPH ^5334`1

:Vhh FPH ^5334`1
;Flwlhv duh fkrvhq edvhg xsrq srsxodwlrq/ wkh yduldelolw| lq wkhlu vhdvrqdo whpshudwxuhv

dqg wkh dfwlylw| vhhq lq ryhu0wkh0frxqwhu wudgh lq KGG2FGG ghulydwlyhv1
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KGG2FGG Lqgh{ srlqwv1 Wkh plqlpxp wlfn vl}h< lv rqh lqgh{ srlqw1 Hdfk

lqgh{ srlqw kdv d ydoxh ri 433 grooduv1

Frqwlqxlqj wkh deryh h{dpsoh/ zlwk dq KGG lqgh{ ri :83 iru Qryhpehu/

wkh qrplqdo ydoxh ri d ixwxuhv frqwudfw rq wkdw flw| zrxog eh ':8/333 +:83

KGG lqgh{ { '433,1 Wkh qrplqdo ydoxh ri wkh ixwxuhv frqwudfw iru wklv

h{dpsoh lv looxvwudwhg lq Iljxuh 7151

Iljxuh 715= Looxvwudwlrq ri wkh qrplqdo ydoxh ri d KGG ru FGG lqgh{ ixwxuhv

frqwudfw iru wkh fdvh lq zklfk hdfk lqgh{ srlqw lv zruwk 433 grooduv1 Wkh

vorsh ri wkh ydoxh ixqfwlrq lv ghwhuplqhg e| wkh ydoxh ri wkh lqgh{ srlqwv/

l1h1 khuh lw lv htxdo wr �ff�

Rswlrqv rq FPH KGG2FGG Lqgh{ ixwxuhv duh gh�qhg lq wkh vwdqgdug

pdqqhu1 Iru h{dpsoh/ wkh sxufkdvh ri dq KGG fdoo rswlrq jlyhv wkh ex|hu wkh

uljkw/ exw qrw wkh reoljdwlrq/ wr ex| rqh KGG ixwxuhv frqwudfw dw d vshfl�f

sulfh/ wkh vwulnh ru h{huflvh sulfh1 Wkh rswlrqv duh Hxurshdq Vw|oh rswlrqv/

zklfk phdqv wkdw wkh| fdq rqo| eh h{huflvhg dw h{sludwlrq1 Wkh KGG2FGG

ixwxuhv dqg rswlrqv duh wudghg rq FPH*v hohfwurqlf JOREH[ U�5 v|vwhp1

Dowhuqdwlyho|/ zhdwkhu ghulydwlyhv frqwudfwv pd| eh jlyhq wkh vwuxfwxuh ri

d fdoo rswlrq zlwkrxw uhihuulqj wr dq xqghuo|lqj FPH Lqgh{ ixwxuh1 Frqvlghu/

iru h{dpsoh/ d fdoo rswlrq gh�qhg zlwk uhvshfw wr wkh KGG dv xqghuo|lqj1

Dvvxph d vwulnh ri 833 zlwk uhvshfw wr wkh KGG lqgh{ dqg d sd|rxw ri '433

<Wkh plqlpxp wlfn vl}h lv wkh vpdoohvw wudgdeoh xqlw1
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shu ghjuhh gd|/ l1h1 li wkh ydoxh ri wkh KGG lqgh{ dw wkh h{slu| gdwh lv odujhu

wkdq 833 wkh lqyhvwru uhfhlyhv '433 iru hdfk lqgh{ srlqw deryh wkh vwulnh

ydoxh1 Wkh uhvxowlqj sd|r� vwuxfwxuh lv ghslfwhg lq Iljxuh 7161

Iljxuh 716= Looxvwudwlrq ri wkh sd|r� d KGG ru FGG fdoo rswlrq iru wkh

fdvh lq zklfk hdfk lqgh{ srlqw lv zruwk 433 grooduv1 Wkh vwulnh lv vhw dw 833

lqgh{ srlqwv1

Qrwh wkdw dv hpskdvl}hg e| Pxhoohu dqg Judqgl ^5333` �^z`hdwkhu

ghulydwlyhv gl�hu iurp frqyhqwlrqdo ghulydwlyhv lq wkdw wkhuh lv qr ruljlqdo qh0

jrwldeoh xqghuo|lqj ru sulfh ri dq xqghuo|lqj/ zklfk qrupdoo| irupv wkh edvlv

ri dq| ghulydwlyh1 Iru h{dpsoh/ �qdqfldo ghulydwlyhv duh edvhg rq vkduhv/

vkduh lqglfhv/ erqgv/ h{fkdqjh udwhv ru fxuuhqflhv � doo ri zklfk duh wkhp0

vhoyhv qhjrwldeoh remhfwv/ xqolnh wkh zhdwkhu1�

Vlqfh lw lv lpsrvvleoh wr sxw d sulfh rq wkh zhdwkhu/ zhdwkhu ghulydwlyhv duh

pdlqo| dlphg dw khgjlqj wkh yroxphwulf ulvn dulvlqj iurp zhdwkhu yrodwlolw|/

iru h{dpsoh wkh ulvn ri ghfolqlqj vdohv lq wkh hqhuj| dqg srzhu vhfwru1 Krz0

hyhu/ ghshqglqj rq wkh lqgxvwu| xqghu frqvlghudwlrq wkh yroxphwulf fkdqjh lq

ghpdqg zloo reylrxvo| dovr lq xhqfh wkh sulfh ri wkh jrrg surylghg1 Zkhuhdv

wkh sulfh iru lfh fuhdp zrxog suredeo| qrw eh d�hfwhg e| d ghfolqh lq gh0

pdqg gxh wr d frro/ zhw vxpphu/ wkh ixho sulfh uhdfwv vhqvlwlyho| wr d juhdwhu

ghpdqg iru ixhov lq frog zlqwhuv1
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Ryhu0wkh0frxqwhu wudqvdfwlrqv

Wklv vhfwlrq suhvhqwv wzr h{dpsohv iru ryhu0wkh0frxqwhu zhdwkhu ghulydwlyhv

wudqvdfwlrqv1 Dowkrxjk wkh hqhuj| vhfwru lv wkh prvw dfwlyh vhfwru zlwk uh0

vshfw wr zhdwkhu ghulydwlyhv rwkhu vhfwruv kdyh dovr sduwlflsdwhg lq lqqrydwlyh

wudqvdfwlrqv1 Iru h{dpsoh/ Pdvvlyh Olplwhg/ rzqhu ri 59 Sxev dqg Uhvwdx0

udqwv lq Orqgrq/ frpsohwhg d wudqvdfwlrq lq rughu wr surwhfw uhyhqxhv iurp lwv

prvw zhdwkhu vhqvlwlyh vlwh/ �Wkh Zklwh Vzdq� zklfk lv vlwxdwhg lq Wzlfnhq0

kdp ehvlgh wkh Wkdphv/ djdlqvw xqxvxdoo| frro zhdwkhu1 Wkh frqwudfw sd|v

rxw li wkh qxpehu ri Iulgd|v dqg Vdwxugd| ehwzhhq Dsulo dqg Mxo|/ zklfk duh

deryh ru ehorz d uhihuhqfh whpshudwxuh/ uhdfkhv d fhuwdlq ohyho143 Iru h{dp0

soh/ wkh Zklwh Vzdq lv surwhfwhg li wkh qxpehu ri Iulgd|v dqg Vdwxugd| lq

Dsulo wkdw duh deryh 47 F �/ dqg lq Pd| wkdw duh deryh 4; F�/ duh wrr ihz1

Lw lv dovr surwhfwhg li wkhuh duh wrr pdq| Iulgd|v dqg Vdwxugd| lq Mxqh wkdw

duh ehorz 4; F�/ dqg lq Mxo| wkdw duh ehorz 53 F��

Wkh vhfrqg h{dpsoh lv lqwhuhvwlqj iru wzr uhdvrqv1 Wkh wudqvdfwlrq lv

rqh ri wkh �uvw zhdwkhu wudqvdfwlrqv lq Jhupdq| dqg/ pruhryhu/ rqh ri

wkh �uvw wudqvdfwlrqv surwhfwlqj exvlqhvv uhyhqxhv djdlqvw udlqidoo lqvwhdg

ri djdlqvw h{wuhph whpshudwxuhv1 Wkh srolf| surylghg �qdqfldo surwhfwlrq

wr Jhupdq xwlolw| Hohnwul}lwçwvzhun Gdkohqexuj DJ djdlqvw h{fhvvlyh udlq0

idoo gxulqj vxpphu prqwkv1 H{fhvvlyh udlqidoo pdnhv wkh xwlolw|*v uhyhqxhv

ghfolqh vlqfh pdq| ri wkhlu fxvwrphuv duh iduphuv zkr xvh hohfwulf srzhu wr

sxps zdwhu gxulqj shulrgv ri lqvx!flhqw suhflslwdwlrq1 Wkh srzhu vxssolhg

wr wkh iduphuv uhsuhvhqwv dq lpsruwdqw sduw ri wkh frpsdq|*v uhyhqxhv/ wkxv

prwlydwlqj wkh wudqvdfwlrq1 Wkh frqwudfw44 udq iurp Pd| 4/ 5334 wr Dxjxvw

64/ 5334 dqg wkh uhihuhqfh ohyho ri udlqidoo zdv :3 pp ri suhflslwdwlrq shu

vtxduh phwhu1 Iru hdfk ploolphwhu ri udlq deryh wkh uhihuhqfh ohyho wkh xwlo0

lw| zdv hqwlwohg wr uhfhlyh dssur{1 5333 GP/ zkhuhdv wkh suhplxp iru wkh

frqwudfw zdv derxw 431333 GP1

43Fi1 suhvv uhohdvh e| Vshhgzhoo Zhdwkhu Ghulydwlyhv ^5333` zkr vwuxfwxuhg wkh
wudqvdfwlrq1

44Fi1 QGU ^5334`/ dq duwlfoh rq zhdwkhu ghulydwlyhv uhodwhg wr d surjudpph rq wkh wrslf
e| QGU/ d WY vwdwlrq lq Qruwkhuq Jhupdq|1
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71416 Frpsdulvrq ri zhdwkhu ghulydwlyhv dqg folpdwh
vhfxulwlhv

Wklv vhfwlrq frpsduhv wkh fkdudfwhulvwlfv ri zhdwkhu ghulydwlyhv dqg folpdwh

vhfxulwlhv zlwk uhvshfw wr wkh uhihuhqfh sdudphwhuv/ wkh vwdwh vsdfh dqg sd|r�

vwuxfwxuh/ wkh wlph krul}rq dqg wkh jhrjudsklfdo udqjh1

Frqfhuqlqj wkh uhihuhqfh sdudphwhuv/ wkh irfxv lq zhdwkhu ghulydwlyhv xs

wr gdwh lv rq whpshudwxuh0uhodwhg wudqvdfwlrqv/ dowkrxjk wkhuh kdv ehhq d

vpdoo qxpehu ri wudqvdfwlrqv gh�qhg zlwk uhvshfw wr suhflslwdwlrq ru zlqg1

Whpshudwxuh lv fhuwdlqo| rqh ri wkh prvw lpsruwdqw folpdwlf fkdudfwhulvwlfv/

exw rqo| rqh dprqjvw d odujh qxpehu ri lpsruwdqw folpdwh phwulfv +fi1 Fkds0

whu 51415,1 D ghvfulswlrq ri wkh folpdwh vwdwh uhtxluhv d frpelqdwlrq ri

pdq| uhohydqw idfwruv/ dovr lqfoxglqj suhflslwdwlrq/ zlqg hwf1 Zkhuhdv wkh

uhihuhqfh sdudphwhuv iru zhdwkhu ghulydwlyhv duh xvxdoo| rqh0glphqvlrqdo/ d

folpdwh lqgh{ zrxog kdyh wr eh kljko| pxowl0glphqvlrqdo1

Reylrxvo|/ wkh vwdqgdugl}hg zhdwkhu ghulydwlyhv lqvwuxphqwv/ h1j1 KGG

ru FGG lqgh{ rswlrqv dqg ixwxuhv/ kdyh d gl�huhqw vwdwh vsdfh dqg sd|0

r� vwuxfwxuh e| gh�qlwlrq wkdq wkh kljko| vw|ol}hg folpdwh vhfxulwlhv145 Uh0

fdoo wkdw vwdqgdugl}hg zhdwkhu ghulydwlyhv doo kdyh d frqwlqxrxv vwdwh vsdfh

zkhuhdv wkh vwdwh vsdfh iru folpdwh vhfxulwlhv lq wkh iroorzlqj fkdswhuv zloo

eh glvfuhwh146 Pruhryhu/ wkh sd|r�v iru folpdwh vhfxulwlhv zloo eh qrupdol}hg/

|lhoglqj d vwuxfwxuh dv ghslfwhg lq Iljxuh 717 iru hdfk ri wkh lqvwuxphqwv1

Krzhyhu/ wkh gl�huhqfhv frqfhuqlqj vwdwh vsdfh dqg sd|r� vwuxfwxuh frxog

eh holplqdwhg e| gh�qlqj folpdwh ghulydwlyhv dqdorjrxvo| wr zhdwkhu ghulyd0

wlyhv1

Hylghqwo|/ wkh wlph0krul}rq iru zhdwkhu ghulydwlyhv lv frpsohwho| gl�huhqw

wr wkh wlph0krul}rq wkdw zrxog eh dssursuldwh iru folpdwh vhfxulwlhv1 Zhdwkhu

ghulydwlyhv duh wudghg rq d prqwko|/ dw prvw d vhdvrqdo edvlv zkhuhdv folpdwh

vhfxulwlhv zrxog kdyh wr eh gh�qhg zlwk uhvshfw wr orqj0whup ghyhorsphqwv

ri wkh folpdwh0uhohydqw sdudphwhuv1

Zhdwkhu ghulydwlyhv dovr gl�hu iurp folpdwh vhfxulwlhv zlwk uhvshfw wr

45Iru ryhu0wkh0frxqwhu zhdwkhu ghulydwlyhv wklv fdq eh gl�huhqw iru hdfk lqglylgxdo wudqv0
dfwlrq/ wkhuhiruh d jhqhudo frpsdulvrq lv qrw srvvleoh1

46Iru vlpsolflw| wkhuh zloo eh rqo| wzr srvvleoh vwdwhv1
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Iljxuh 717= Looxvwudwlrq ri wkh vwdwh vsdfh dqg sd|r� vwuxfwxuh ri wkh folpdwh

vhfxulwlhv dqdo|}hg ehorz lq Fkdswhuv 8 wr ;1 Lq dqdorj| wr Duurz0Vhfxulwlhv

wkh vwdwh vsdfh lv glvfuhwh dqg sd|r�v duh qrupdol}hg1

wkhlu jhrjudklfdo udqjh vlqfh wkh| uhihu wr rqh fhuwdlq orfdwlrq rqo| zkhuhdv

folpdwh0gdwd zrxog kdyh wr eh froohfwhg rq d zruog0zlgh edvlv1

Vxppdul}lqj/ dowkrxjk wkhuh duh d qxpehu ri gl�huhqfhv ehwzhhq zhdwkhu

ghulydwlyhv dqg folpdwh vhfxulwlhv wkh edvlf vwuxfwxuh ri wkh lqvwuxphqwv/ ehlqj

gh�qhg zlwk uhvshfw wr wkh xqghuo|lqj zhdwkhu ru folpdwh lqgh{/ lv yhu|

vlplodu1

Ixuwkhupruh/ wkh udslg lqfuhdvh ri wkh wudglqj yroxph lq zhdwkhu ghulyd0

wlyhv gxulqj wkh odvw ihz |hduv vkrzv wkdw wkh whfkqrorj| dqg wkh h{shuwlvh

wkdw zrxog eh qhhghg lq rughu wr gh�qh dq dssursuldwh folpdwh lqgh{ lv

douhdg| dydlodeoh1 Wkhuhiruh wudglqj zlwk folpdwh vhfxulwlhv ru pruh vrsklv0

wlfdwhg folpdwh ghulydwlyhv vkrxog/ lq sulqflsoh/ qrw srvh d vhulrxv sureohp

lq wkh qhdu ixwxuh1

Wkh iroorzlqj vhfwlrq glvfxvvhv d gl�huhqw w|sh ri �qdqfldo lqvwuxphqwv/

lqvxudqfh ghulydwlyhv/ zklfk duh dovr gh�qhg zlwk uhvshfw wr sdudphwhuv wkdw

fdq eh frqvlghuhg dv folpdwh0uhohydqw gdwd1
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715 Lqvxudqfh ghulydwlyhv

71514 Klvwru|

Lqvxudqfh ghulydwlyhv zhuh �uvw lqwurgxfhg lq Ghfhpehu 4<<5 e| wkh Fklfdjr

Erdug ri Wudgh1 Wkh| zhuh gluhfwhg dw lqvxudqfh dqg uhlqvxudqfh frpsdqlhv

dv phdqv ri khgjlqj wkhlu xqghuzulwlqj ulvn1 Lq sduwlfxodu/ dw wkdw srlqw lq

wlph wkh lqvxudqfh lqgxvwu| qhhghg dgglwlrqdo fdslwdo vrxufhv wr sduwlflsdwh

lq lqvxulqj wkh �qdqfldo ulvn srvhg e| qdwxudo fdwdvwurskhv147 Lqlwldoo|/ erwk

fdwdvwurskh lqvxudqfh ixwxuhv dqg rswlrqv zhuh wudghg1

Wkh fdwdvwurskh lqvxudqfh ixwxuh +FDW0ixwxuh, zdv edvhg rq dq lqgh{

ghwhuplqhg e| wkh XV Lqvxudqfh Vhuylfhv R!fh +LVR,1 Wkh lqgh{ xvhg gdwd

iurp vhohfwhg lqvxudqfh frpsdqlhv zlwklq wkh surshuw|2fdvxdow| lqvxudqfh

lqgxvwu| frqfhuqlqj wkh dprxqw ri fodlpv kdylqj rffxuuhg zlwklq wkh uhoh0

ydqw shulrg148 Krzhyhu/ R*Eulhq ^4<<:` uhpdunv wkdw �FDW0ixwxuhv idlohg

wr jhqhudwh pxfk lqwhuhvw dqg wudglqj zdv kdowhg lq 4<<81� Yrup Fkulv0

whqvhq dqg Vfkplgol ^5333` djuhh dqg dovr h{sodlq zk| FDW0ixwxuhv zhuh

qrw vxffhvvixo= �Wkh surgxfw qhyhu ehfdph srsxodu zlwk sulydwh lqyhvwruv1

Wkh uhdvrqv zhuh wkdw wkh lqgh{ zdv dqqrxqfhg rqo| rqfh ehiruh wkh vhwwoh0

phqw gdwh/ wkhuh zdv lqirupdwlrq dv|pphwu| ehwzhhq lqvxuhuv dqg lqyhvwruv/

dqg wkdw wkhuh zdv d odfn ri uhdolvwlf prghov1�

Rswlrqv edvhg rq FDW0ixwxuhv zhuh pruh vxffhvvixo/ exw dovr h{klelwhg

vrph lqkhuhqw sureohpv1 Wkhuhiruh/ LVR fdwdvwurskh lqvxudqfh rswlrqv zhuh

uhsodfhg e| wkh vr0fdoohg SFV Rswlrqv lq Vhswhpehu 4<<81 �SFV� vwdqgv iru

�Surshuw| Fodlpv Vhuylfh� zklfk lv dq lqghshqghqw dxwkrulw|1 SFV Rswlrqv

duh glvfxvvhg lq pruh ghwdlo lq wkh iroorzlqj vhfwlrq1 Wkh| zhuh wudghg dw wkh

Fklfdjr Erdug ri Wudgh/ exw wudglqj zdv vwrsshg dw wkh hqg ri wkh |hdu 53331

L1h1 SFV rswlrqv glg qrw jdlq vx!flhqw dffhswdqfh hyhq wkrxjk d qxpehu ri

lpsuryhphqwv/ h{sodlqhg lq ghwdlo ehorz/ zhuh lpsohphqwhg uhodwlyh wr LVR

rswlrqv1 Lw vhhpv wkdw wkh lqfuhdvlqj qxpehu ri vhfxulwl}dwlrqv ri fdwdvwurskh

ulvn/ glvfxvvhg lq Vhfwlrq 716 ehorz/ zdv d pruh dwwudfwlyh phwkrg wr lqvxuhuv

dqg uhlqvxuhuv dqg wkxv uhqghuhg SFV Rswlrqv vxshu xrxv1

47Vhh R*Eulhq ^4<<:`/ s1 861
48Qrwh wkdw rqo| fodlpv kdylqj ehhq uhsruwhg wr wkh lqvxudqfh frpsdqlhv ehiruh d fhuwdlq

gdwh hqwhuhg wkh fdofxodwlrq ri wkh lqgh{1
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71515 SFV Rswlrqv

Olnh wkh KGG2FGG Lqgh{ Rswlrqv wkh SFV Rswlrqv zhuh dovr lqgh{ rs0

wlrqv/49 edvhg rq wkh SFV0lqgh{1 Wkh SFV0lqgh{ phdvxuhg �wkh dprxqw ri

fdwdvwurskh fodlpv lq wkh uhjlrq dqg shulrg ri wkh frqwudfw�/ dffruglqj wr

R*Eulhq ^4<<:`1 Hdfk lqgh{ srlqw uhsuhvhqwhg 433 ploolrq grooduv lq fdwdv0

wurskh orvvhv1 Wkh xqghuo|lqj ixwxuhv frqwudfwv wkhpvhoyhv zhuh qrw wudghg

dq|pruh1 Wkh rswlrqv edvhg rq wkh SFV lqgh{ zhuh gh�qhg lq d vwdqgdug

zd|/ l1h1 wkh ex|hu ri d fdoo rswlrq kdv wkh uljkw/ exw qrw wkh reoljdwlrq/ wr

ex| wkh xqghuo|lqj ixwxuhv frqwudfw dw wkh suh0vshfl�hg vwulnh sulfh1 Vlqfh/

lq sulqflsoh/ wkh vwuxfwxuhv duh dqdorjrxv wr wkrvh ri zhdwkhu ghulydwlyhv/

suhvhqwhg lq Vhfwlrq 714 deryh/ dqg SFV rswlrqv duh qrw wudghg dq|pruh/

judsklfdo looxvwudwlrqv dqg ixuwkhu ghwdlov duh rplwwhg khuh1

Wkhuh zhuh qlqh gl�huhqw frqwudfwv/ rqh fryhulqj wkh hqwluh whuulwru| ri

wkh Xqlwhg Vwdwhv +Qdwlrqdo,/ vhyhudo uhjlrqdo frqwudfwv +Hdvw/ Vrxwkhdvw/

Qruwkhdvw/ Plgzhvw/ Zhvw, dqg frqwudfwv vshfl�fdoo| fryhulqj wkrvh vwdwhv

zlwk kljk fdwdvwurskh ulvn +Iorulgd/ Wh{dv/ Fdoliruqld,1

Wkh orvv shulrg zdv d txduwhu iru prvw frqwudfwv zlwk wkh h{fhswlrq ri

wkh Zhvwhuq dqg Fdoliruqld frqwudfwv zklfk kdg dqqxdo orvv shulrgv dqg wkh

Qdwlrqdo frqwudfw zklfk wudghg rq erwk d txduwho| dqg dq dqqxdo edvlv1

Dq lpsruwdqw lpsuryhphqw uhodwlyh wr wkh LVR rswlrqv zdv wkdw wkh

SFV0lqgh{ zdv dqqrxqfhg gdlo|1 Pruhryhu/ wkh ghyhorsphqw shulrg kdg

ehhq ohqjwkhqhg iurp wkuhh prqwkv +iru LVR rswlrqv, wr hlwkhu vl{ ru wzhoyh

prqwkv1 Prvw ri wkh wudglqj lqyroyhg wkh orqjhu ghyhorsphqw shulrg1 Wkh

suhgrplqdqw wudglqj sdwwhuq zdv wkh �fdoo vsuhdg�/ l1h1 vlpxowdqhrxv ex|lqj

dqg vhoolqj ri ri fdoo rswlrqv zlwk gl�huhqw vwulnh ydoxhv14: Vxfk d fdoo vsuhdg

hqdeohv od|huhg fryhuv vlplodu wr wkh od|huv ri qrq0sursruwlrqdo uhlqvxudqfh1

Wkh sulflqj ri wkhvh rswlrqv zdv yhu| frpsoh{ zklfk pd| eh d ixuwkhu

uhdvrq zk| wkh wudglqj yroxphv zhuh uhodwlyho| vpdoo1 Wkhuhiruh/ d zlgho|

dffhswhg sulflqj dssurdfk dv/ iru h{dpsoh/ wkh Eodfn dqg Vfkrohv prgho iru

49Dq lqgh{ rswlrq lv dq rswlrq zkrvh xqghuo|lqj vhfxulw| lv dq lqgh{ udwkhu wkdq d vwrfn
dv iru vwrfn rswlrqv1 Li dq lqgh{ rswlrq lv h{huflvhg/ vhwwohphqw lv pdgh e| fdvk sd|phqw/
vlqfh sk|vlfdo gholyhu| lv qrw srvvleoh1

4:Fi1 Nlhokro} dqg Gxuuhu ^4<<:`/ s1 :1
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vwrfn rswlrqv/4; kdg qrw hphujhg gxulqj wkh �uvw |hduv ri wudglqj iru LVR

dqg SFV rswlrqv14<

71516 Frpsdulvrq ri lqvxudqfh ghulydwlyhv dqg folpdwh
vhfxulwlhv

Wklv vhfwlrq frpsduhv wkh fkdudfwhulvwlfv ri lqvxudqfh ghulydwlyhv wr wkrvh ri

folpdwh vhfxulwlhv zlwk uhvshfw wr wkh vdph fulwhuld dv lq Vhfwlrq 71416 deryh1

Qrwh wkdw wkh uhihuhqfh sdudphwhuv xqghuo|lqj wkh SFV rswlrqv/ l1h1 wkh

fdwdvwurskh gdpdjh lqglfhv/ fdq dovr eh lqwhusuhwhg dv folpdwh0uhodwhg gdwd

lq wkh iroorzlqj vhqvh dowkrxjk wkh olqn lv qrw dv reylrxv dv zlwk zhdwkhu

gdwd1 Rq wkh rqh kdqg/ vflhqwlvwv dwwulexwh wkh kljkhu iuhtxhqf| dqg odujhu

lpsdfw ri qdwxudo fdwdvwurskhv gxulqj wkh odvw ghfdghv wr joredo zduplqj/

dw ohdvw wr vrph h{whqw153 Rq wkh rwkhu kdqg/ wkh SFV lqglfhv phdvxuh wkh

lpsdfw ri qdwxudo fdwdvwurskhv iru d fhuwdlq uhjlrq dqg wlph shulrg1 Wkh|

uhsuhvhqw dq lqgluhfw phwkrg ri phdvxulqj fdwdvwurskh lpsdfwv vlqfh rqo|

lqvxuhg gdpdjhv hqwhu wkh fdofxodwlrq1 Exw vlqfh lqvxuhg gdpdjhv zloo/ lq

jhqhudo/ eh kljko| fruuhodwhg zlwk wrwdo gdpdjhv wkh SFV lqglfhv uhsuhvhqw

d jrrg dssur{lpdwlrq ri fdwdvwurskh gdpdjhv1 Wkhuhiruh/ wkh SFV lqglfhv

duh dq lqgluhfw zd| ri phdvxulqj folpdwh0uhodwhg gdwd/ dqg wkxv SFV rswlrqv

zhuh �qdqfldo lqvwuxphqwv zlwk sd|r�v ghshqgdqw rq folpdwh0uhohydqw gdwd1

Vlploduo| dv iru wkh fdvh ri zhdwkhu ghulydwlyhv/ wkh uhihuhqfh sdudphwhuv iru

lqvxudqfh ghulydwlyhv rqo| uhsuhvhqw d yhu| vpdoo vxevhw ri wkh sdudphwhuv

uhohydqw iru wkh folpdwh vwdwh1

Frqfhuqlqj wkh vwdwh vsdfh dqg sd|r� vwuxfwxuh wkh frpsdulvrq wr folpdwh

vhfxulwlhv |lhogv wkh vdph uhvxowv dv wkdw iru zhdwkhu ghulydwlyhv/ vlqfh wkh
4;Fi1 Eodfn dqg Vfkrohv ^4<:5`1
4<Jhpdq dqg \ru ^4<<:` glvfxvv vhyhudo ri wkh sulflqj dssurdfkhv iru fdwdvwurskh

rswlrqv dqg vxjjhvw d prgl�hg dssurdfk1 Odwhu/ Iodvvh hw do1 ^4<<<` glvfxvv wkh dssol0
fdelolw| ri wkh wudglwlrqdo rswlrq sulflqj dssurdfkhv wr wkh fdvh ri SFV Rswlrqv dqg dovr
vxjjhvw dq dowhuqdwlyh dssurdfk wr ydoxdwlrq ri SFV Rswlrqv1

53Vhh/ iru h{dpsoh/ Zdwvrq ^5333e`= �Lqghhg/ gxulqj wkh odvw ihz |hduv pdq| sduwv ri
wkh zruog kdyh uhfhqwo| vx�huhg pdmru khdw0zdyhv/  rrgv/ gurxjkwv dqg h{wuhph zhdwkhu
hyhqwv ohdglqj wr vljql�fdqw orvv ri olih dqg hfrqrplf frvwv1 Zkloh lqglylgxdo h{wuhph
zhdwkhu hyhqwv fdqqrw eh gluhfwo| olqnhg wr kxpdq0lqgxfhg folpdwh fkdqjh/ wkh iuhtxhqf|
dqg pdjqlwxgh ri wkhvh w|shv ri hyhqwv duh h{shfwhg wr lqfuhdvh lq d zduphu zruog1�
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vwuxfwxuhv ri wkh lqvxudqfh ghulydwlyhv vwurqjo| uhvvhpeoh wkrvh ri zhdwkhu

ghulydwlyhv1

Zlwk uhvshfw wr wkh wlph krul}rq wkh frpsdulvrq dovr |lhogv vlplodu uhvxowv

wr wkrvh lq Vhfwlrq 71416 deryh1 Wkh orvv shulrg iru SFV rswlrqv zdv hlwkhu

6 prqwkv ru rqh |hdu zkhuhdv wkh dghtxdwh shulrg iru phdvxulqj folpdwh

fkdqjh zrxog kdyh wr eh vxevwdqwldoo| orqjhu1 Jhrjudsklfdoo|/ SFV rswlrqv

fryhuhg/ dw prvw/ wkh Xqlwhg Vwdwhv/ zkhuhdv folpdwh vhfxulwlhv zrxog kdyh

wr eh gh�qhg joredoo|1

Vxppdul}lqj/ zh dovr revhuyh vlplodulwlhv ehwzhhq lqvxudqfh ghulydwlyhv

dqg folpdwh vhfxulwlhv1 Lq sduwlfxodu wkh uhihuhqfh sdudphwhu xqghuo|lqj wkh

lqvxudqfh ghulydwlyhv zrxog dovr eh rqh ri wkh uhohydqw sdudphwhuv iru fol0

pdwh vhfxulwlhv1 Krzhyhu/ lqvxudqfh ghulydwlyhv vhhp wr eh ohvv uhohydqw wkdq

zhdwkhu ghulydwlyhv zlwk uhvshfw wr wkh lpsruwdqfh ri wkh xqghuo|lqj sdudp0

hwhuv iru phdvxuhphqw ri folpdwh ghyhorsphqw1

716 Vhfxulwl}dwlrqv

Rqh zd| ri ghdolqj zlwk lqvxudqfh ulvnv ru zhdwkhu ulvnv lv wr khgjh djdlqvw

wkhvh ulvnv e| phdqv ri lqvxudqfh ghulydwlyhv dqg zhdwkhu ghulydwlyhv/ uh0

vshfwlyho|/ dv glvfxvvhg lq Vhfwlrqv 714 dqg 715 deryh1 Dq dowhuqdwlyh zd| ri

uhvsrqglqj wr lqvxudqfh ru zhdwkhu ulvnv lv wkhlu vhfxulwl}dwlrq/ l1h1 wudqvihu0

ulqj wkhvh ulvnv wr wkh fdslwdo pdunhwv1 Zlwk uhvshfw wr lqvxudqfh ghulydwlyhv

lw vhhpv wkdw/ dv qrwhg deryh lq Vhfwlrq 715/ wkh pdunhw suhihuuhg wkh vhfx0

ulwl}dwlrq phwkrg1

Edvlfdoo|/ vhfxulwl}dwlrq lv wkh surfhvv ri djjuhjdwlqj/ uh0sdfndjlqj dqg

uh0vhoolqj vlplodu ulvnv wr fdslwdo pdunhw lqyhvwruv lq rughu wr vkduh wkhvh

ulvnv dprqj d odujh qxpehu ri djhqwv1 Vrph h{dpsohv iru vhfxulwl}dwlrqv

ri fdwdvwurskh ulvnv dqg zhdwkhu ulvnv duh jlyhq lq wkh iroorzlqj vhfwlrqv1

Krzhyhu/ lw vkrxog eh nhsw lq plqg wkdw iru sxusrvhv ri frpsdulvrq zlwk

folpdwh vhfxulwlhv vhfxulwl}dwlrqv duh ohvv uhohydqw wkdq ghulydwlyh lqvwuxphqwv

vlqfh wkh folpdwh vhfxulwlhv dqdo|vhg lq wkh iroorzlqj fkdswhu fdq dovr eh

lqwhusuhwhg dv ghulydwlyh lqvwuxphqwv154 Wkh lqwhuhvwlqj srlqw lq wklv vhfwlrq

54Qrwh wkdw wkh vlplodulw| lq wkh h{suhvvlrqv �folpdwh vhfxulwlhv� dqg �vhfxulwl}dwlrq� lv
plv0ohdglqj khuh1 Wkh h{suhvvlrq �folpdwh vhfxulwlhv� vwhpv iurp wkhlu irupdo vlplodulw| wr
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lv zlwk uhvshfw wr zklfk sdudphwhuv ri zhdwkhu ulvn ru lqvxudqfh ulvn wkh

vhfxulwl}dwlrqv duh gh�qhg1

71614 Vhfxulwl}dwlrqv ri zhdwkhu ulvn

Vlqfh wkh pdunhw iru zhdwkhu ulvnv kdv rqo| hphujhg d ihz |hduv djr wkh

qxpehu ri vhfxulwl}dwlrqv ri zhdwkhu ulvn lv vwloo olplwhg1 Wkh �uvw zhdwkhu0

uhodwhg vhfxulwl}dwlrq wkdw wrrn sodfh zdv d 83 ploolrq groodu zhdwkhu erqg

lvvxhg lq Qryhpehu 4<<<55 e| Krxvwrq0edvhg Nrfk Hqhuj| Wudglqj/ zrun0

lqj zlwk xqghuzulwhu Jrogpdq Vdfkv156 Shulq ^4<<<` h{sodlqv wkh ghwdlov=

�Nrfk*v zhdwkhu erqg lv d wkuhh0|hdu wudqvdfwlrq wkdw wudqvihuv ulvn iurp d

�{hg sruwirolr ri 5; zhdwkhu ghulydwlyh frqwudfwv edvhg rq whpshudwxuhv lq

4< XV orfdwlrqv1 Wkh sruwirolr lv glyhuvl�hg lq whupv ri vhdvrq/ jhrjudsklfdo

uhjlrq dqg gluhfwlrq ri whpshudwxuh ghyldwlrq1�

Edvlfdoo|/ vxfk d zhdwkhu erqg frqvwlwxwhv dq h{fkdqjh ri sulqflsdo 57 iru

shulrglf frxsrq sd|phqwv dqg wkh uhwxuq ri wkh sulqflsdo1 Lq wkh fdvh ri

wkh Nrfk zhdwkhu erqg erwk wkh sd|phqw ri wkh lqwhuhvw dqg wkh uhwxuq ri

wkh sulqflsdo ri wkh erqg duh olqnhg wr wkh rffxuuhqfh ri wkh lqvxuhg hyhqw/

l1h1 wkh shuirupdqfh ri wkh xqghuo|lqj sruwirolr ri zhdwkhu ulvnv1

Vlqfh wkdw �uvw zhdwkhu0uhodwhg vhfxulwl}dwlrq wkhuh kdyh ehhq d qxpehu

ri ixuwkhu wudqvdfwlrqv/ prvw ri wkhp uhodwlqj wr zlqgvwrup158

wkh zhoo0nqrzq frqfhsw ri �Duurz vhfxulwlhv� zkhuhdv �vhfxulwl}dwlrq� lv d whfkqlfdo whup
iurp wkh �qdqfh yrfdexodu|1

55Vhh Vdqgru ^5333` dqg Shulq ^4<<<`1
56Vwuxfwxulqj wkh ghdo wrrn d orqj wlph dqg lq wkh hqg lw kdg wr eh vfdohg grzq iurp

wkh ruljlqdoo| sodqqhg 55: ploolrq grooduv wr wkh 83 ploolrq grooduv wkdw zhuh �qdoo| lvvxhg1
57Wkh sulqflsdo ri d erqg lv wkh dprxqw lqlwldoo| lqyhvwhg lq wkh erqg e| wkh lqyhvwruv

ru/ htxlydohqwo|/ wkh dprxqw eruurzhg iurp wkh lqyhvwruv e| wkh lvvxhu1 Xvxdoo|/ lqyhvwruv
surylgh wkh sulqflsdo iru wkh gxudwlrq ri wkh erqg lq uhwxuq iru uhfhlylqj wkh sulqflsdo
soxv lqwhuhvw sd|phqwv dw wkh hqg ri wkh gxudwlrq1 Vrphwlphv/ rqo| wkh lqwhuhvw lv dw ulvn/
l1h1 ghshqgv rq wkh xqghuo|lqj ulvn/ vrphwlphv erwk wkh lqwhuhvw dqg wkh sulqflsdo duh dw
ulvn1

58Zlqgvwrup fdq eh frqvlghuhg dv o|lqj rq wkh erughu ehwzhhq zhdwkhu ulvn dqg fdwdv0
wurskh ulvn1
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71615 Vhfxulwl}dwlrqv ri fdwdvwurskh ulvn

Vhfxulwl}dwlrqv ri fdwdvwurskh ulvn/ xvxdoo| e| phdqv ri d fdwdvwurskh erqg

+FDW erqg,/ kdyh ehhq idu pruh surplqhqw wkdq vhfxulwl}dwlrqv ri zhdwkhu

ulvn1 Lq sulqflsoh/ wkh vwuxfwxuh ri d FDW erqg lv wkh vdph dv wkdw ri d

zhdwkhu erqg1 Vkhskhug ^4<<<` jlyhv wkh iroorzlqj gh�qlwlrq= �D FDW erqg

frqvwlwxwhv dq h{fkdqjh ri sulqflsdo iru shulrglf frxsrq sd|phqwv zkhuhlq

wkh sd|phqw ri wkh frxsrq dqg2ru wkh uhwxuq ri wkh sulqflsdo ri wkh erqg lv

olqnhg wr wkh rffxuuhqfh ri dq lqvxuhg hyhqw1� Wkh lqvxuhg hyhqw fdq uhihu

wr kxuulfdqhv/ hduwktxdnh ru rwkhu qdwxudo shulov dv zhoo dv frpelqdwlrqv ri

wkhvh shulov1 Li wkh dfwxdo fdwdvwurskh orvvhv vxusdvv d vshfl�hg dprxqw/ fdoohg

wuljjhu/ wkh erqgkroghuv orvh vrph ru doo sd|phqwv ri lqwhuhvw ru sulqflsdo/

ghshqglqj rq wkh vshfl�fdwlrqv ri wkh frqwudfw159 Lq wkdw fdvh/ wkh lvvxlqj

lqvxudqfh frpsdq| fdq sd| fodlpv zlwk wkh ixqgv wkdw zrxog rwkhuzlvh kdyh

jrqh wr wkh erqgkroghuv15:

Lq 4<<< wkh XV Lqvxudqfh Vhuylfhv R!fh vwxg| LVR ^4<<<` douhdg| frp0

phqwhg wkdw �^D`w ohdvw whq lqvxuhuv kdyh xvhg fdwdvwurskh erqgv wr rewdlq

surwhfwlrq djdlqvw orvvhv fdxvhg e| kxuulfdqhv/ hduwktxdnhv/ ru rwkhu shulov1

Iru h{dpsoh/ lq 4<<: d vshfldo0sxusrvh uhlqvxuhu/ Uhvlghqwldo Uh/ vrog 7::

ploolrq grooduv lq fdwdvwurskh erqgv dqg xvhg wkh surfhhgv wr surylgh uhlqvxu0

dqfh surwhfwlrq wr wkh Xqlwhg Vhuylfhv Dxwrpreloh Dvvrfldwlrq1 Wkdw vdph

|hdu/ dqrwkhu vshfldo0sxusrvh uhlqvxuhu/ VU Hduwktxdnh Ixqg Owg1/ lvvxhg 46:

ploolrq grooduv lq fdwdvwurskh erqgv dqg surylghg uhlqvxudqfh iru Fdoliruqld

hduwktxdnh orvvhv wr Vzlvv Uhlqvxudqfh Frpsdq|1�

Vlploduo|/ lq Pd| 4<<< wkh rshudwru ri Wrn|r Glvqh|odqg/ Rulhqwdo Odqg

Frpsdq|/ lvvxhg d erqg zlwk wkh dlp ri khgjlqj djdlqvw hduwktxdnh ulvn15; Lw

zdv lqwhqghg wr fryhu d orvv lq fdvk  rz gxh wr d ghfolqh lq ylvlwruv iroorzlqj d

srwhqwldo hduwktxdnh udwkhu wkdq wkh gluhfw sk|vlfdo gdpdjh/ h1j1 wkh froodsvh

59Qdwxudoo|/ wkh lqwhuhvw sd|phqwv iru FDW erqgv zkhuh wkh sulqflsdo lv dw ulvn duh
kljkhu wkdq wkrvh zkhuh rqo| wkh frxsrq sd|phqwv kdyh wr eh iruihlwhg zkhq wkh wuljjhu
srlqw lv uhdfkhg1 Riwhq vxfk erqgv duh vsolw lqwr vhyhudo wudqfkhv wr r�hu lqyhvwruv d
eurdghu vshfwuxp ri ulvnlqhvv1

5:Fi1 wkh vwxg| e| wkh Lqvxudqfh Vhuylfhv R!fh/ LVR ^4<<<`1
5;Wklv ghdo lv ghvfulehg lq dq duwlfoh iurp Wkh Qlnnhl Zhhno| +vhh HTHFDW ^4<<<`,/

sxw rqolqh e| d HTHFDW/ d XV frpsdq| wkdw wrrn fkdujh ri wkh ulvn dvvhvvphqw iru wkh
ghdo1
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ri exloglqjv15<

71616 Frpsdulvrq zlwk folpdwh vhfxulwlhv

D jhqhudo frpsdulvrq ri lqvwuxphqwv olnh zhdwkhu erqgv ru FDW erqgv wr

folpdwh vhfxulwlhv lv qrw ihdvleoh vlqfh hdfk vhfxulwl}dwlrq wudqvdfwlrq kdv lwv

lqglylgxdo fkdudfwhulvwlfv dqg ihdwxuhv1 Lq prvw fdvhv/ zhdwkhu erqgv dqg

FDW erqgv hdfk kdyh rqo| rqh folpdwh0uhohydqw sdudphwhu dv uhihuhqfh sd0

udphwhu dowkrxjk uhfhqwo| wkhuh kdyh ehhq wudqvdfwlrqv edvhg rq wzr gl�huhqw

sdudphwhuv/ h1j1 zlqgvwrup dqg hduwktxdnh1

Frqfhuqlqj wkh sd|r� vwuxfwxuh zhdwkhu erqgv dqg FDW erqgv fdq eh

pruh vlplodu wr folpdwh vhfxulwlhv wkdq ghulydwlyh lqvwuxphqwv duh1 Eurdgo|

vshdnlqj/ iru wkh sduwlhv ex|lqj ru vhoolqj vxfk erqgv wkh vwdwh vsdfh fdq eh

lqwhusuhwhg dv frqvlvwlqj ri wzr gl�huhqw vwdwhv/ rqh zkhuh wkh wuljjhu lv qrw

dfwlydwhg dqg rqh zkhuh wkh wuljjhu lv vxusdvvhg163 Zlwk wklv lqwhusuhwdwlrq/

wkh vwdwh vsdfh lv vlplodu wr wkdw iru folpdwh vhfxulwlhv1

Zlwk uhvshfw wr wkh wlph krul}rq wkh frpsdulvrq djdlq ghshqgv rq hdfk

wudqvdfwlrq/ exw vlqfh d qxpehu ri pxowl0|hdu wudqvdfwlrqv kdyh ehhq frp0

sohwhg uhfhqwo| wkh gl�huhqfh lq wlph krul}rq fdq/ srwhqwldoo|/ eh vpdoohu wkdq

zlwk vwdqgdugl}hg ghulydwlyh lqvwuxphqwv1

Wkh vdph dssolhv wr wkh jhrjudsklfdo udqjh ri wkh wudqvdfwlrqv zklfk

dovr ydulhv zlgho|1 Lqlwldoo|/ wudqvdfwlrqv zhuh gh�qhg zlwk uhvshfw wr rqh jh0

rjudsklfdo uhjlrq rqo|/ exw lq rughu wr lpsuryh glyhuvl�fdwlrq lw kdv uhfhqwo|

ehfrph idvklrqdeoh wr lqfoxgh wzr ru pruh gl�huhqw jhrjudsklfdo uhjlrqv/

h1j1 Hxursh dqg Mdsdq/ lq rqh wudqvdfwlrq1

Vxppdul}lqj/ rq wkh rqh kdqg wkh lqglylgxdolw| ri vxfk vhfxulwl}dwlrqv

rshqv xs wkh srvvlelolw| ri wudqvdfwlrq vwuxfwxuhv wkdw duh uhodwlyho| vlplodu wr

5<Wkh Rulhqwdo Odqg erqg frqvlvwv ri wzr w|shv ri erqgv/ d sulqflsdo0ulvn w|sh dqg d
fuhglw0ulvn w|sh1 Wkh sulqflsdo0ulvn w|sh hqwlwohv Rulhqwdo Odqg wr uhfhlyh d shufhqwdjh
ri wkh sulqflsdo ri wkh erqg li d elj hduwktxdnh rffxuv zlwklq d fhuwdlq udglxv/ zkhuhdv
wkh fuhglw0ulvn0vzlwfk erqg surylghv Rulhqwdo Odqg zlwk wkh rswlrq ri eruurzlqj iurp wkh
vshfldo0sxusrvh frpsdq| li d txdnh rffxuv1

63Ri frxuvh/ wkh vwdwh lq zklfk wkh wuljjhu lv vxusdvvhg pd| frqwdlq dq lqwhuydo ri �vxe0
vwdwhv� li/ iru h{dpsoh/ wkh frqwudfw vshfl�hv gl�huhqwldwhg sd|r�v ghshqglqj rq wkh h{whqw
wr zklfk wkh wuljjhu zdv vxusdvvhg1
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wkrvh ri folpdwh vhfxulwlhv1 Rq wkh rwkhu kdqg/ folpdwh vhfxulwlhv zrxog kdyh

wr eh vwdqgdugl}hg lqvwuxphqwv zklfk lv wkh rqh dvshfw wkdw vhfxulwl}dwlrqv

odfn1

717 Vxppdu|

Wklv vhfwlrq lqwurgxfhg dqg glvfxvvhg wkuhh gl�huhqw w|shv ri lqqrydwlyh �0

qdqfldo lqvwuxphqwv zklfk h{klelw vrph ri wkh fkdudfwhulvwlfv wkdw zloo eh

dwwulexwhg wr folpdwh vhfxulwlhv ehorz1 Dowkrxjk dw suhvhqw wkhuh duh qr �qdq0

fldo lqvwuxphqwv h{klelwlqj doo wkh fkdudfwhulvwlfv wkdw zrxog eh dwwulexwhg

wr folpdwh vhfxulwlhv wkh �qdqfldo lqvwuxphqwv glvfxvvhg lq wklv vhfwlrq vkduh

vrph ri wkh fkdudfwhulvwlfv ri folpdwh vhfxulwlhv1

Lq sduwlfxodu/ wkh h{shulhqfh jdlqhg iurp wkhvh lqqrydwlyh wudqvdfwlrqv

vkrzv wkdw wkh h{shuwlvh wkdw zrxog eh uhtxluhg iru wkh lqwurgxfwlrq ri fol0

pdwh vhfxulwlhv lv douhdg| dydlodeoh1 Wkhuhiruh/ vxfk lqvwuxphqwv vhhp wr eh

ihdvleoh iurp wkh whfkqlfdo srlqw ri ylhz1 Wkh gl!fxow dqg srvvleo| frqwur0

yhuvldo wdvn gxh wr folpdwh ehlqj d kljko| pxowl0glphqvlrqdo yduldeoh zrxog

eh wkh dssursuldwh gh�qlwlrq ri wkh vwdwh vsdfh iru folpdwh vhfxulwlhv/ l1h1 wkh

gh�qlwlrq ri �folpdwh vwdwhv1�
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Fkdswhu 8

Lqfrpsohwh Lqirupdwlrq derxw
W|shv

Uhfdoo iurp Fkdswhu 5 wkdw gxh wr wkh zlgh udqjh ri uhpdlqlqj vflhqwl�f

xqfhuwdlqwlhv frxqwulhv* dvvhvvphqwv ri folpdwh ulvn zloo qhfhvvdulo| eh vxe0

mhfwlyh1 Lq sduwlfxodu/ vxfk dvvhvvphqwv duh qrw yhul�deoh e| wklug sduwlhv

vr wkdw wkhuh lv lqfrpsohwh lqirupdwlrq zlwk uhvshfw wr rwkhu frxqwulhv* dv0

vhvvphqwv ri folpdwh ulvn1 Wklv rshqv xs dq �hdv| zd| rxw� zlwk uhvshfw

wr dedwhphqw ri juhhqkrxvh jdvhv1 D frxqwu| frxog surihvv qrw wr eholhyh

wkdw joredo zduplqj lv d vhulrxv wkuhdw dqg wkxv iuhh ulgh rq rwkhu frxqwulhv*

dedwhphqw dfwlylwlhv1 Wkh LSFF fodlp/ h{sodlqhg lq pruh ghwdlo lq wkh Lqwur0

gxfwlrq/ lv wkdw lq vxfk d vlwxdwlrq pdunhwv iru folpdwh vhfxulwlhv fdq uhgxfh

iuhh ulglqj1

Dq lqfrpsohwh lqirupdwlrq dssurdfk iru prghoolqj wkh LSFF fodlp lv suh0

vhqwhg lq wklv fkdswhu dqg wkh iroorzlqj wzr fkdswhuv1 Wklv fkdswhu suhvhqwv

wkh prgho dqg wkh jhqhudo dqdo|vlv/ zkhuhdv Fkdswhu 9 looxvwudwhv wkh uhvxowv

iru wkh fdvh ri wzr frxqwulhv dqg dovr suhvhqwv vrph h{dpsohv1 Fkdswhu : lv

frqfhuqhg zlwk h{whqvlrqv dqg olplwv ri wkh dssurdfk1

Dv h{sodlqhg lq wkh Lqwurgxfwlrq wkhuh lv qr irupdo dqdo|vlv ri wkh LSFF

fodlp lq wkh olwhudwxuh1 Lq sduwlfxodu/ wkhuh lv doprvw qr vwurqjo| uhodwhg olw0

hudwxuh1 Krzhyhu/ Edf ^4<<9` kdv d qxpehu ri ihdwxuhv lq frpprq zlwk wkh

dssurdfk ehorz1 Edf vwxglhv lqfhqwlyhv wr iuhh ulgh rq lqwhuqdwlrqdo hqyl0

urqphqwdo uhvrxufhv1 Kh frqvlghuv d wzr0frxqwu| lq�qlwho| uhshdwhg g|qdplf

7<
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jdph ri wudqverxqgdu| srooxwlrq zlwk lqfrpsohwh lqirupdwlrq derxw ydoxd0

wlrqv1 Lq hdfk frqvwlwxhqw jdph frxqwulhv �uvw ghflgh zkhwkhu wr sduwlflsdwh

lq dedwhphqw ru qrw dqg/ lq wkh d!updwlyh/ krz pxfk wr dedwh1

Edf lqyhvwljdwhv wkh shuihfw Ed|hvldq htxloleuld ri wkh uhvxowlqj jdph dqg

�qgv wkdw/ ghshqglqj rq wkh ohyho ri glvfrxqw idfwru dqg wkh sulru eholhiv/ wzr

frqwudvwlqj w|shv ri shuihfw Ed|hvldq htxloleuld hphujh1 Iru vrph frqvwhood0

wlrqv ri glvfrxqw idfwruv dqg sulru eholhiv �wkh lqfoxvlrq ri lqfrpsohwh lqiru0

pdwlrq kdv qr lpsdfw rq wkh sdwwhuq ri wkh dedwhphqwv1� Rwkhuzlvh wkh jdph

ehfrphv d zdu ri dwwulwlrq14 Lq frqwudvw wr wkh prgho suhvhqwhg lq Vhfwlrq

814 ehorz/ Edf irfxvhv rq wkh g|qdplf dvshfwv ri plwljdwlrq xqghu lqfrp0

sohwh lqirupdwlrq1 Pruhryhu/ kh grhv qrw lqfoxgh lqvxudqfh lqvwuxphqwv lq

klv iudphzrun1

814 Wkh Edvlf Prgho

Wkh nh| fkdudfwhulvwlfv ri wkh prgho duh xqfhuwdlqw| zlwk uhvshfw wr wkh

ixwxuh folpdwh vwdwh/ rq wkh rqh kdqg/ dqg lqfrpsohwh lqirupdwlrq zlwk uh0

vshfw wr frxqwulhv* dvvhvvphqwv ri folpdwh ulvn/ rq wkh rwkhu kdqg1 Wkh| duh

lqwurgxfhg lq ghwdlo lq Vhfwlrqv 81414 dqg 81415 ehorz1

Frqvlghu d zruog zlwk ? frxqwulhv/ lqgh{hg e| � ' �c ���c ? dqg rqh djjuh0

jdwh frqvxpswlrq jrrg1 Frxqwulhv fdq rqo| gl�hu zlwk uhvshfw wr wkhlu w|sh/

gh�qhg ehorz15 Wkh wlph vwuxfwxuh lv ghslfwhg lq Iljxuh 8141 Lq wkh �uvw

shulrg +| ' �� hdfk frxqwu| ghflghv rq lwv dedwhphqw srolf| zlwk uhvshfw wr

juhhqkrxvh jdvhv1 Dw | ' 2 wkhuh lv xqfhuwdlqw| derxw wkh folpdwh vwdwh lq

wkh iroorzlqj shulrg1 Frxqwulhv wdnh wkhlu sruwirolr ghflvlrq rq wkh pdunhwv

iru folpdwh vhfxulwlhv li wkhvh duh dydlodeoh1 Dw | ' � wkh xqfhuwdlqw| derxw

wkh folpdwh vwdwh lv uhvroyhg dqg wkh uhvxowlqj sd|r�v iurp vhfxulw| wudglqj

duh uhdol}hg1 Z1o1r1j1 wkhuh lv qr glvfrxqwlqj1

4Wkh zdu ri dwwulwlrq zdv �uvw dqdo|vhg e| Pd|qdug Vplwk ^4<:7`1 Vhh Ixghqehuj
dqg Wluroh ^4<<4`/ s1 44<1

5Wklv dvvxpswlrq lv qhfhvvdu| rqo| iru wkh uhvxowv lq Vhfwlrqv 81417 dqg 8171
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Iljxuh 814= Wkh wlph vwuxfwxuh

81414 Xqfhuwdlqw| zlwk uhvshfw wr wkh folpdwh vwdwh

Wkhuh duh wzr srvvleoh folpdwh vwdwhv wkdw fdq hphujh lq | ' �/ vwdwh k

+qr qrwlfhdeoh folpdwh fkdqjh, dqg vwdwh q +vhyhuh folpdwh fkdqjh,1 Wkh

frxqwulhv* suredelolw| glvwulexwlrqv rq k dqg q duh dvvxphg wr eh h{rjhqrxv/6

lq sduwlfxodu wkh| duh lqghshqghqw ri dedwhphqw srolf| lq | ' �� Wkh folpdwh

vwdwh lq xhqfhv frxqwulhv* hqgrzphqwv ri wkh djjuhjdwh frqvxpswlrq jrrg

lq | ' �� Frxqwulhv duh dvvxphg wr eh h{shfwhg xwlolw| pd{lpl}huv xvlqj wkh

vdph yrq Qhxpdqq0Prujhqvwhuq xwlolw| ixqfwlrq � lq doo shulrgv1 Dvvxph

�� : f dqg ��� 	 f/ l1h1 frxqwulhv duh ulvn0dyhuvh1

81415 Lqfrpsohwh lqirupdwlrq derxw frxqwulhv* w|shv

D frxqwu|*v w|sh w� lv fkdudfwhul}hg frpsohwho| e| lwv eholhiv/ l1h1 lwv vxemhfwlyh

suredelolw| glvwulexwlrq/ rq wkh wzr folpdwh vwdwhv17 Wkh w|sh w� ri d frxqwu|

zloo eh lghqwl�hg zlwk wkh suredelolw| lw dwwulexwhv wr vwdwh k� W|shv duh

ghwhuplqhg ehiruh | ' ��8 Hdfk frxqwu| nqrzv lwv rzq w|sh/ exw qrw wkdw ri

wkh rwkhu frxqwulhv1 Dsduw iurp srvvleo| ehlqj ri d gl�huhqw w|sh/ frxqwulhv

duh wdnhq wr eh frpsohwho| lghqwlfdo1

Iru vlpsolflw|/ wkhuh duh rqo| wzr w|shv/ D dqg E/ l1h1 wzr srvvleoh sured0

elolw| glvwulexwlrqv rq folpdwh vwdwhv1 W|sh D kdv wkh glvwulexwlrq Ew�c ��w��
6Wklv dvvxpswlrq zloo eh gursshg lq Fkdswhu :1
7Uhfdoo iurp Fkdswhu 5 wkdw lq wkh frqwh{w ri folpdwh fkdqjh wkhuh fdq eh qr remhfwlyh

suredelolw| glvwulexwlrq gxh wr uhpdlqlqj vflhqwl�f xqfhuwdlqwlhv1
8D frpprq lqwhusuhwdwlrq lv wkdw w|shv duh ghwhuplqhg udqgrpo| e| qdwxuh ehiruh sod|

vwduwv1 Wklv lqwhusuhwdwlrq grhv qrw vhhp sodxvleoh lq rxu frqwh{w1 Udwkhu/ wkh w|sh ri
d frxqwu| zloo eh wkh uhvxow ri wkh frxqwu|*v lqglylgxdo lqwhusuhwdwlrq dqg djjuhjdwlrq ri
wkh uhvxowv ri d fhuwdlq jurxs ri folpdwh h{shuwv1 Wkh dvvxpswlrq lq wkh prgho wkhq lv
wkdw wkh uhvxow ri wkhvh surfhvvhv lv wkh vdph dv li qdwxuh kdg fkrvhq wkh w|shv zlwk wkh
suredelolwlhv lq wkh sulru glvwulexwlrq1
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rq folpdwh vwdwhv dqg w|sh E wkh glvwulexwlrq Ew�c � � w�� dv looxvwudwhg lq

Wdeoh 8141 Dvvxph w� : w� vr wkdw w|sh D sxwv pruh zhljkw rq vwdwh k�

Suredelolw| glvwulexwlrqv rq folpdwh vwdwhv

Vwdwh � Vwdwh �
W|sh D w� �� w�

W|sh E �� w� w�

Wdeoh 814= Suredelolw| glvwulexwlrqv ri wkh wzr w|shv rq wkh vhw ri folpdwh

vwdwhv1

Z1o1r1j1 zh fdq dvvxph dq �lqghshqghqw sulru glvwulexwlrq�9 � EX� zlwk

uhvshfw wr wkh srvvleoh sur�ohv ri w|shv w ' Ew�c ���c w?� 5 X1 Wkh sulru

glvwulexwlrq � EX� fdq wkhq eh vshfl�hg e| jlylqj wkh lqglylgxdo glvwulexwlrq

ri w|shv iru hdfk frxqwu|1 Ghqrwh e| R wkh suredelolw| wkdw d frxqwu| lv ri

w|sh D1 Wkh frxqwu| lv wkhq w|sh E zlwk suredelolw| �� R1

81416 Wkh dedwhphqw ghflvlrq

Lq | ' � hdfk frxqwu| kdv dq hqgrzphqw 7/ : f ri wkh djjuhjdwh frqvxps0

wlrq jrrg zklfk fdq eh hlwkhu frqvxphg ru lqyhvwhg lq dedwhphqw1: Wkh

dedwhphqw ghflvlrq lv prghoohg glvfuhwho|/ l1h1 lw lv dvvxphg wkdw frxqwulhv

fdq fkrrvh ehwzhhq wzr gl�huhqw dfwlrqv/ u +�orz dedwhphqw h�ruw�, dqg M

+�kljk dedwhphqw h�ruw�,1 Lq frqwudvw wr d frxqwu|*v w|sh hdfk frxqwu|*v

dedwhphqw ghflvlrq lv revhuydeoh wr doo rwkhu frxqwulhv1

Qrwh wkdw lq wkh vfhqdulr zlwk uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv

lq Vhfwlrq 817 ehorz wkh dedwhphqw ghflvlrq zloo eh lqwhusuhwhg dv d � qrw

qhfhvvdulo| wuxwkixo � uhyhodwlrq ri wkh w|sh ri d frxqwu|1

9Vhh P|huvrq ^4<<4`/ ss1 9:1
:Wkh jrrg lv dvvxphg wr eh qrq0gxudeoh lq rughu wr h{foxgh lqwhuwhpsrudo vdylqj h�hfwv1
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Dedwhphqw frvw

Hdfk frxqwu|*v frqvxpswlrq lq | ' � lv uhgxfhg e| wkh frvw ri lwv dedwhphqw

dfwlylw| @�c phdvxuhg lq whupv ri wkh djjuhjdwh jrrg/

�E@�� G'

+
fc li @� ' u

�c li @� ' M

zkhuh � : f1 Iru vlpsolflw|/ wkh frvw ri sxuvxlqj wkh orz dedwhphqw h�ruw

u lv qrupdol}hg wr }hur1; Wkhuhiruh/ wkh orz dedwhphqw h�ruw u zloo riwhq

eh lqwhusuhwhg dqg uhihuuhg wr dv �qr dedwhphqw� iurp qrz rq1 Wkh frvw ri

fkrrvlqj wkh kljk dedwhphqw ohyho M +ru �frvw ri dedwhphqw�,/ h{suhvvhg lq

whupv ri xwlolw|/ lv

S G' �E7/�� �E7/ � ��� +814,

Vlqfh �Eu� ' fc wkh pdujlqdo frvw ri dedwhphqw lv dovr S�

Dedwhphqw ehqh�wv

Dedwhphqw ehqh�wv ghshqg rq wkh djjuhjdwh dedwhphqw h�ruw/ uhsuhvhqwhg

e| wkh qxpehu ri frxqwulhv dedwlqj/

�@ G' ri � m@� ' Mj�

E| gh�qlwlrq/ f � �@ � ? krogv1 Dedwhphqw ehqh�wv gr qrw pdwhuldol}h xqwlo

diwhu wkh uhdol}dwlrq ri wkh folpdwh vwdwh lq | ' � zkhuh wkh| duh lqfoxghg lq

wkh vwdwh0ghshqghqw hqgrzphqwv1

Iru vlpsolflw|/ wklug shulrg hqgrzphqwv iru vwdwh k duh dvvxphg wr eh

lqghshqghqw ri wkh dedwhphqw h�ruw/ l1h1 /kE�@� ' 7/k ;�@1 Wklug shulrg

hqgrzphqwv /qE�@� iru vwdwh q duh lqfuhdvlqj lq djjuhjdwh shulrg 4 dedwhphqw

�@/ l1h1

7/q G' /qEf� 	 /qE�� 	 ��� 	 /qE?� �� 	 /qE?�� +815,

Dedwhphqw ehqh�wv +lq whupv ri xwlolw|, li � frxqwulhv dedwh duh

K@Kr� G' �E/qE���� �E7/q� iru � ' fc ���? +816,

;Rqh frxog htxlydohqwo| gh�qh �+O, @ �O dqg �+K, @ �K zlwk 3 ? �O ? �K =
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zkhuh wkh lqgh{ �dev� lqglfdwhv wkdw wkhvh duh wkh devroxwh ru wrwdo ehqh�wv
iurp dedwhphqw1 Gh�qh wkh pdujlqdo ehqh�wv +lq whupv ri xwlolw|,

K� G' �E/qE���� �E/qE�� ���

iru hdfk frxqwu| li � frxqwulhv dedwh lqvwhdg ri �� �1 Qrwh wkdw

K@Kr� '
[
�$�

K� dqg K� ' K@Kr� � K@Kr�3� +817,

krog iru � ' �c ���c ?�

Dvvxpswlrqv rq pdujlqdo dedwhphqw frvw dqg ehqh�wv

Dvvxph wkdw xqlodwhudo dedwhphqw lv zruwkzkloh iru qhlwkhu ri wkh wzr w|shv/

l1h1 +pdujlqdo, dedwhphqw frvw S lv odujhu wkdq wkh h{shfwhg pdujlqdo ehqh�wv

iurp xqlodwhudo dedwhphqw iru erwk w|shv=

S : E�� w��K� : E�� w��K�� +818,

Lq dgglwlrq/ lq rughu wr irfxv rq wkh prvw lqwhuhvwlqj frqvwhoodwlrq/ dvvxph

wkdw dedwlqj lv qhyhu dwwudfwlyh iru w|sh D � qr pdwwhu krz pdq| rwkhu

frxqwulhv dedwh �/ l1h1

S : E�� w��K� iru � ' 2c ���c ?� +819,

Qrwh wkdw e| dvvxpswlrqv +818, dqg +819, wkh orz dedwhphqw h�ruw u lv d

grplqdqw vwudwhj| iru w|sh D1

Lq rughu wr h{foxgh wkh ohvv lqwhuhvwlqj fdvh ri w|sh E dovr kdylqj u dv d

grplqdqw vwudwhj| ixuwkhu dvvxph wkdw wkhuh h{lvwv dq 	= 5 i2c ���c ?j zlwk

E�� w��K	= : S� +81:,

Dvvxpswlrq +81:, uhtxluhv wkh h{shfwhg pdujlqdo ehqh�wv ri dedwhphqw iru

w|sh E wr eh odujhu wkdq pdujlqdo dedwhphqw frvw S jlyhq wkdw 	=�� frxqwulhv

dedwh1 Lq rwkhu zrugv/ jlyhq wkdw 	=� � rwkhu frxqwulhv dedwh w|sh E kdv dq

lqfhqwlyh wr mrlq wkhvh 	=� � frxqwulhv dqg dovr dedwh1

Qrwh wkdw dvvxpswlrq +81:, lpsolhv wkdw dedwhphqw ehqh�wv duh �frqyh{�

dw ohdvw iru d vpdoo udqjh e| prqrwrqlflw| ri vwdwh q hqgrzphqwv1 Wklv h�hfw
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lv uhlqirufhg e| vwulfw frqfdylw| ri wkh xwlolw| ixqfwlrq1 Wkhuhiruh/ dvvxpswlrq

+81:, pd| eh frqwuryhuvldo lq wkh vhqvh wkdw lw vhhpv wr uhsuhvhqw d ghyld0

wlrq iurp wkh vwdqgdug dvvxpswlrq ri frqfdyh dedwhphqw ehqh�wv riwhq xvhg

lq hqylurqphqwdo hfrqrplfv1 Krzhyhu/ lq wkh frqwh{w ri folpdwh fkdqjh dv0

vxpswlrq +81:, lv d sodxvleoh dvvxpswlrq1 Dv qrwhg lq wkh uhfhqwo| sxeolvkhg

frqwulexwlrq ri Zrunlqj Jurxs LLL wr wkh LSFF Wklug Dvvhvvphqw Uh0

sruw +LSFF ^5334f`, wkh folpdwh uhdfwlrq wr juhhqkrxvh jdv frqfhqwudwlrqv

fdq h{klelw glvfrqwlqxlwlhv dw fhuwdlq wkuhvkrog ydoxhv1< Wkhq/ dedwhphqw

ehqh�wv zloo dovr h{klelw glvfrqwlqxlwlhv iru wkh fruuhvsrqglqj ohyhov ri dj0

juhjdwh dedwhphqw1 Wkh �frqyh{lw|� ri dedwhphqw ehqh�wv dw wkh wkuhvkrog

qxpehu 	= ri frxqwulhv dedwlqj pd| eh lqwhusuhwhg dv uhsuhvhqwlqj vxfk d glv0

frqwlqxrxv folpdwh h�hfw1 Lqwhusuhwhg lq wklv zd|/ dvvxpswlrq +81:, lv qrw

ohvv sodxvleoh wkdq dvvxplqj �frqfdylw|� ri dedwhphqw ehqh�wv/ lq sduwlfxodu

vlqfh frqfdylw| pd| krog iru prvw ri wkh uhohydqw udqjh hyhq zlwk dvvxpswlrq

+81:,1

Lq rughu wr ghprqvwudwh wkdw wkh uhvxowv gr qrw klqjh rq dvvxpswlrq +81:,

vhfwlrq 81814 vxppdul}hv dqg glvfxvvhv wkh uhvxowv wkdw zrxog hphujh zlwkrxw

wkdw dvvxpswlrq1 Lw wxuqv rxw wkdw wkh pdlq uhvxowv rqo| fkdqjh voljkwo| li

dvvxpswlrq +81:, lv dedqgrqhg1

Frqvlvwhqf| ri dedwhphqw vwudwhjlhv

Qrwh wkdw d frxqwu|*v revhuyhg dedwhphqw vwudwhj| lv lqwhusuhwhg dv uhyhodwlrq

ri lwv w|sh1 Li d frxqwu| fkrrvhv wkh frvwo| dedwhphqw vwudwhj| Mc wkhq wklv

lv lqwhusuhwhg dv wkh frxqwu| ehlqj w|sh E/ zkhuhdv fkrlfh ri u dv dedwhphqw

vwudwhj| lv lqwhusuhwhg dv wkh frxqwu| ehlqj w|sh D1 Lq wklv vhqvh/ dedwhphqw

vwudwhj| u lv dvvrfldwhg zlwk w|sh D dqg dedwhphqw vwudwhj| M lv dvvrfldwhg

zlwk w|sh E1 Li d frxqwu| fkrrvhv wkh dedwhphqw vwudwhj| dvvrfldwhg zlwk lwv

w|sh/ lw ehkdyhv w|sh0frqvlvwhqwo| ru frqvlvwhqwo|1 Lq Vhfwlrq 817 uhjxodwlrq

lv dlphg dw dfklhylqj frqvlvwhqw ehkdylrxu lq wkh vhqvh h{sodlqhg deryh1

<Vhh LSFF ^5334f`/ s1 6= �Ghyhorslqj d uhvsrqvh wr folpdwh fkdqjh lv fkdudfwhul}hg e|
ghflvlrq0pdnlqj xqghu xqfhuwdlqw| dqg ulvn/ lqfoxglqj wkh srvvlelolw| ri qrq0olqhdu dqg2ru
luuhyhuvleoh fkdqjhv1�
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Vxppdu|

Lq vxppdu|/ hdfk frxqwu|*v dedwhphqw ghflvlrq d�hfwv lwv rzq xwlolw| lq

| ' � +frvw ri dedwhphqw, dqg hyhu|erg|*v xwlolw| lq | ' � +ehqh�wv iurp

dedwhphqw,� Wkhuhiruh/ d frxqwu|*v hqgrzphqw �jE�@� lq | ' � ghshqgv rq

wkh folpdwh vwdwh j 5 ikc qj dqg/ li wkh folpdwh vwdwh lv qc rq wkh djjuhjdwh

dedwhphqw h�ruw �@1

81417 Wkh sruwirolr ghflvlrq

Pdunhwv iru folpdwh vhfxulwlhv

Lq wkh vhfrqg shulrg zh frqvlghu d frpsohwh v|vwhp ri Duurz0Vhfxulwlhv gh0

�qhg rq folpdwh vwdwhv/ fdoohg �folpdwh vhfxulwlhv�1 Dvvxph wkdw wkhuh lv rqh

�qdqfldo dvvhw dvvrfldwhg zlwk hdfk ri wkh wzr folpdwh vwdwhv k dqg q1 Wkh

sd|r�v ri wkh folpdwh vhfxulwlhv duh vxppdul}hg lq Wdeoh 8151 Vhfxulw| k

sd|v rqh xqlw ri wkh frqvxpswlrq jrrg/ li dqg rqo| li wkh folpdwh vwdwh lv k�

Vhfxulw| q lv gh�qhg dffruglqjo|143

Sd|r�v iru folpdwh vhfxulwlhv

Vhfxulw| � Vhfxulw| �
Vwdwh � � f

Vwdwh � f �

Wdeoh 815= Sd|r�v iru folpdwh vhfxulwlhv

Dvvxph wkdw vhfxulw| pdunhwv duh frpshwlwlyh dqg ghqrwh wkh sulfh ri

vhfxulw| k e| ^ dqg wkdw ri vhfxulw| q e| � � ^� Ixuwkhu ghqrwh e| rk� wkh

dprxqw ri vhfxulw| k erxjkw e| frxqwu| �c dqg e| rq� wkh dprxqw ri vhfxulw|

q erxjkw144

Frxqwu| �*v sruwirolr ghflvlrq wkhq frqvlvwv ri fkrrvlqj d sdlu Erk� c r
q
� ��

Wkhuh lv qr hqgrzphqw ri folpdwh vhfxulwlhv45 vr wkdw d ihdvleoh sruwirolr kdv

43Zh devwudfw iurp dq| wudqvdfwlrq frvwv dulvlqj iurp wkh vhw�xs dqg rshudwlrq ri
vhfxulwlhv pdunhwv1

44Li/ iru h{dpsoh/ frxqwu| l lv d vhoohu ri vhfxulw| �> wkhq v�l ? 3 krogv1
45Qru lv wkhuh dq| hqgrzphqw ri wkh frqvxpswlrq jrrg lq w @ 5= Hqgrzphqw iurp

wkh �uvw shulrg fdqqrw eh xvhg iru wudgh lq folpdwh vhfxulwlhv/ vlqfh qrq0gxudelolw| zdv
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wr vdwlvi|

^rk� n E�� ^�rq� ' f� +81;,

Dvvxph wkdw vkruw0vhoolqj lv qrw srvvleoh/ l1h1 wkh iroorzlqj wzr lqhtxdolwlhv

kdyh wr krog=

rk� � �7/k dqg rq� � �/qE�@� +81<,

zkhuh �@ lv ghwhuplqhg lq wkh suhylrxv shulrg1 Iru d jlyhq vhfxulw| sulfh ^

dqg jlyhq djjuhjdwh dedwhphqw h�ruw �@ iurp wkh �uvw shulrg frxqwulhv fkrrvh

wkhlu sruwirolr Erk� c r
q
� � dv wr pd{lpl}h h{shfwhg xwlolw|

w��E7/
k n rk� � n E�� w���E/

qE�@� n rq� � +8143,

iurp shulrg 6 vxemhfw wr htxdwlrq +81;, dqg wkh lqhtxdolwlhv lq +81<,1 Wkh

�uvw rughu frqglwlrq iru frxqwu| � +iru dq lqwhulru vroxwlrq, lv

� ^

�� ^
' � w�

�� w�

��E7/k n rk� �

��E/qE�@�� ^

�3^
rk� �

c +8144,

zklfk uhtxluhv wkh vorsh ri frxqwu| �*v exgjhw vhw/ � ^

�3^
c wr eh htxdo wr lwv

pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq vwdwh k dqg vwdwh q +wkh uljkw kdqg vlgh

ri +8144,,1

Htxdwlrq +8144, |lhogv frxqwu| �*v qhw ghpdqg rj� Ew�c ^c �@� iru hdfk ri wkh

vhfxulwlhv46 dv d ixqfwlrq ri wkh vhfxulw| sulfh ^c djjuhjdwh dedwhphqw �@ dqg

lwv rzq w|sh w� iru j ' kc q1 Vlqfh frxqwulhv duh lghqwlfdo dsduw iurp wkh

w|sh/ vr duh doo wkh sdudphwhuv hqwhulqj wkh �uvw rughu frqglwlrq +8144, zklfk

ghwhuplqhv d frxqwu|*v vhfxulw| ghpdqg1 Wkhuhiruh/ wkh vhfxulw| ghpdqg

ixqfwlrq rkEw�c ^c �@� lv wkh vdph iru doo frxqwulhv1 Exw qrwh wkdw vhfxulw|

ghpdqg vwloo ghshqgv rq �*v w|sh w�1

Vhfxulw| pdunhw htxloleulxp

Vlqfh vhfxulw| ghpdqg ixqfwlrqv duh wkh vdph iru doo frxqwulhv/ djjuhjdwh qhw

ghpdqg iru wkh vhfxulwlhv ghshqgv rqo| rq wkh qxpehu ri frxqwulhv ri hdfk

w|sh holjleoh iru vhfxulw| wudglqj1

dvvxphg +fi1 Vhfwlrq 81416,1
46Jlyhq wkh deryh dvvxpswlrqv v�l +�l> t> �d, h{lvwv dqg lv d vlqjohwrq1
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Frqvlghu �uvw wkh fdvhzlwkrxw uhjxodwlrq ri vhfxulw| pdunhwv1 Wkhq doo

frxqwulhv fdq wudgh li wkh| zdqw wr dqg djjuhjdwh vhfxulw| ghpdqg ghshqgv

rq wkh qxpehu ri frxqwulhv ri hdfk w|sh1 Gh�qh wkh qxpehu ri w|sh D dqg

w|sh E frxqwulhv iru d jlyhq w|sh sur�oh w dv

?�Ew� G' ri�mw� ' w�j dqg ?�Ew� G' ri�mw� ' w�j ' ?� ?�Ew��

Wkh pdunhw fohdulqj frqglwlrq iru vhfxulw| k lq wkh devhqfh ri uhjxodwlrq lv

?�Ew� � rkEw�c ^c �@� n E?� ?�Ew�� � rkEw�c ^c �@� ' f� +8145,

Lw ghwhuplqhv wkh htxloleulxp vhfxulw| sulfh yhfwru ^WE?�Ew�c �@� zklfk gh0

shqgv rq wkh qxpehu ri frxqwulhv ri w|sh D/ ?�Ew�/ dqg djjuhjdwh dedwhphqw

�@1 H{lvwhqfh ri htxloleulxp lv jxdudqwhhg e| vwdqgdug frqglwlrqv/ vhh/ iru

h{dpsoh/ Pdv0Frohoo/ Zklqvwrq dqg Juhhq ^4<<8`/ s1 8;81 Qrwh wkdw

yld wkh hqgrzphqwv /qE�@� vhfxulw| pdunhw htxloleulxp lq wkh vhfrqg shulrg

ghshqgv rq �uvw shulrg dedwhphqw �@�

Gxh wr lghqwlfdo vhfxulw| ghpdqg ixqfwlrqv wkhuh fdq rqo| eh wudgh lq vh0

fxulwlhv lq htxloleulxp li wkhuh duh frxqwulhv ri erwk w|shv/ l1h1 li f 	 ?�Ew� 	

? krogv1 Rwkhuzlvh/ wkh qhw ghpdqg iru hdfk ri wkh vhfxulwlhv zrxog eh }hur147

Lq wkdw fdvh hdfk frxqwu| zrxog frqvxph lwv hqgrzphqw lq htxloleulxp dqg/

frqvhtxhqwo|/ wkhuh zrxog eh qr jdlqv iurp wudgh1

Qrz wxuq wr wkh fdvh zlwk uhjxodwlrq ri pdunhwv iru folpdwh vhfxulwlhv1

Zlwk uhjxodwlrq ri vhfxulw| pdunhwv wkh qxpehu ri frxqwulhv doorzhg wr wudgh

lv hqgrjhqrxv/ lq sduwlfxodu lw pd| eh vpdoohu wkdq ?� Ghqrwh wkh qxpehu ri

frxqwulhv ri hdfk w|sh doorzhg wr sduwlflsdwh lq wudglqj e| ?-�Ew� dqg ?-�Ew�

zkhuh �U� vwdqgv iru �Uhjxodwlrq�1 Lq jhqhudo/ ?-�Ew� zloo qrw eh htxdo wr
48

? � ?-�Ew� dqg zh zulwh ^WE?-�Ew�c ?
-
�Ew�c �@� iru wkh htxloleulxp sulfh149 Wkh

ghwdlov ri wkh uhjxodwlrq vfkhph/ lqfoxglqj wkh suhflvh gh�qlwlrq ri ?-�Ew� dqg

?-�Ew� duh h{sodlqhg lq Fkdswhu 817 ehorz1

47Fi1 wkh pdunhw fohdulqj frqglwlrq +8145,1
48Zlwkrxw uhjxodwlrq/ qE+�, @ q� qD+�, dozd|v krogv/ vlpsoli|lqj pdwwhuv1
49Zlwk uhjxodwlrq wkh pdunhw fohdulqj frqglwlrq lv

qUD+�, � v�+�D> t> �d, . qUE+�,, � v�+�E> t> �d, @ 3=
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Wkh htxloleulxp vhfxulw| wudghv iru wkh wzr vfhqdulrv zlwk vhfxulwlhv duh

ghqrwhg+
rjWEw�c ?�Ew�( �@� G' rjEw�c ^

WE?�Ew�c �@�c �@�c zlwkrxw uhjxodwlrq

rjWEw�c ?�Ew�c ?�Ew�( �@� G' rjEw�c ^
WE?-�Ew�c ?

-
�Ew�c �@�c �@�c zlwk uhjxodwlrq

+8146,

iru j ' kc q dqg � ' �c ���c ?�

Fkdudfwhulvwlfv ri wkh htxloleulxp wudglqj sdwwhuq

Wkh htxloleulxp wudglqj sdwwhuq/ l1h1 zkr ex|v dqg zkr vhoov vhfxulw| k lq

htxloleulxp/ lv fkdudfwhul}hg lq Ohppd 5 ehorz1 Wklv lqirupdwlrq lv h{sorlwhg

iru wkh dssursuldwh ghvljq ri uhjxodwlrq lq wkh vfhqdulr zlwk uhjxodwhg vhfxulw|

pdunhwv +fi1 Vhfwlrq 817,1

Lpsolflwo| gh�qh d ixqfwlrq ^fEw�c �@� e|

� ^fEw�c �@�

�� ^fEw�c �@�
' � w�

�� w�

��E7/k�

��E/qE�@��
� +8147,

Lq wkh frqwh{w ri wudgh wkhru| ^fEw�c �@� fruuhvsrqgv wr wkh dxwdun| sulfh/

l1h1 ^fEw�c �@� lv wkh vhfxulw| sulfh iru zklfk frxqwu| �*v pdujlqdo udwh ri vxe0

vwlwxwlrq ehwzhhq vwdwh k dqg vwdwh q lq wkh hqgrzphqw E7/kc /qE�@�� htxdov

wkh vorsh ri wkh exgjhw vhw1 Frqvhtxhqwo|/ ^fEw�c �@� lv wkh vhfxulw| sulfh iru

zklfk frxqwu| � kdv qr qhw ghpdqg iru hlwkhu vhfxulw|1

Ohppd 5
Ohw w eh d jlyhq w|sh sur�oh dqg �@ wkh djjuhjdwh dedwhphqw h�ruw iurp wkh

�uvw shulrg1 Li wkh w|sh sur�oh w vdwlv�hv f 	 ?�Ew� 	 ?/

d, wkh htxloleulxp vhfxulw| sulfh ^WE?�Ew�c �@� olhv ehwzhhq wkh dxwdun| sulfhv/

l1h1

^fEw�c �@� 	 ^WE?�Ew�c �@� 	 ^fEw�c �@�c +8148,

dqg

e, lq htxloleulxp/ w|sh D frxqwulhv ex| vhfxulw| k dqg w|sh E frxqwulhv

vhoo vhfxulw| kc l1h1

rkEw�c ^WE?�Ew�c �@�� : f dqg rkEw�c ^WE?�Ew�c �@�� 	 f�
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Wkh surri lv vwudljkwiruzdug dqg jlyhq lq Dsshqgl{ E1 Wkh lqwxlwlrq

ehklqg Ohppd 5 lv fohdu= wkh frxqwulhv dwwdfklqj d kljkhu suredelolw| wr

vwdwh kc wkh w|sh D frxqwulhv/ zloo ex| vhfxulw| k lq htxloleulxp/ l1h1 wudqvihu

lqfrph wr vwdwh k� W|sh E frxqwulhv zloo vhoo vhfxulw| kc l1h1 wudqvihu lqfrph

wr vwdwh q� Qrwh wkdw Ohppd 5 lv irupxodwhg iru wkh fdvh zlwkrxw uhjxodwlrq/

exw krogv dqdorjrxvo| iru wkh fdvh zlwk uhjxodwlrq14:

Nqrzohgjh ri wkh htxloleulxp wudglqj sdwwhuq lv fuxfldo iru dq| nlqg ri

uhjxodwru| lqwhuyhqwlrq/ ehfdxvh lw hqdeohv xv wr dqwlflsdwh wkh gl�huhqw w|shv*

htxloleulxp ehkdylrxu1 Lq sduwlfxodu/ uhjxodwlrq fdq wkhq eh ghvljqhg lq vxfk

d pdqqhu wkdw iuhh ulghuv duh h{foxghg iurp vhfxulw| wudglqj e| suhyhqwlqj

wkhp iurp wudqvdfwlqj wkhlu ghvluhg htxloleulxp wudghv14;

81418 Wkh jhqhudo vwuxfwxuh ri wkh uhvxowlqj Ed|hvldq
Jdphv

Wklv vhfwlrq vxppdul}hv wkh jhqhudo vwuxfwxuh/ frpprq wr doo wkuhh vfhqdulrv/

ghulyhg iurp wkh vhw0xs ghvfulehg deryh lq d jhqhudo Ed|hvldq Jdph1 Iurp

wklv Ed|hvldq jdph wkh vshfl�f Ed|hvldq jdph iru hdfk ri wkh wkuhh vfhqdulrv

dqdo|vhg ehorz fdq eh hdvlo| ghulyhg1

Frpelqlqj wkh dedwhphqw ghflvlrq ghvfulehg lq Vhfwlrq 81416 dqg lwv frq0

vhtxhqfhv iru vhfxulw| pdunhw htxloleulxp dqdo|vhg lq Vhfwlrq 81417 zh fdq

qrz zulwh wrwdo xwlolw| iru frxqwu| � dv

L�Ew( @� ' �E7/ � �E@��� n w��E7/
k n rkWEw�c w3�c �@��

nE�� w���E/
qE�@� n rqWEw�c w3�c �@��c +8149,

l1h1 wkh vxp ri xwlolw| iurp wkh �uvw shulrg/ �E7/��E@���c dqg h{shfwhg xwlolw|

iurp wkh vhfrqg shulrg1 Wkh wkuhh gl�huhqw vfhqdulrv dqdo|vhg ehorz rqo|

gl�hu lq wkh gh�qlwlrq ri wkh htxloleulxp vhfxulw| wudghv rkWEw�c w3�c �@�� dqg

rqWEw�c w3�c �@��� Lq wkh devhqfh ri vhfxulwlhv wkh htxloleulxp vhfxulw| wudghv duh

4:Lq wkdw fdvh vxevwlwxwh qUD+�, iru qD+�,> q
U
D+�, . qUE+�, iru q dqg t�+qUD+�,> q

U
E+�,> �d,

iru t�+qD+�,> �d,,,=
4;Li/ dowhuqdwlyho|/ sxqlvkphqwv iru iuhh ulglqj zhuh xvhg lqvwhdg ri uhjxodwlrq/ wkh w|shv

ri wkh wudglqj frxqwulhv frxog htxlydohqwo| eh ghgxfhg iurp revhuydwlrq ri wkhlu wudglqj
ehkdylrxu1
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vhw wr }hur/ zlwk pdunhwv iru folpdwh vhfxulwlhv wkh| duh gh�qhg dffruglqj wr

+8146,/ ghshqglqj rq zkhwkhu wkhuh lv uhjxodwlrq ru qrw1

Hdfk frxqwu|*v wrwdo xwlolw| gh�qhg lq +8149, ghshqgv qrw rqo| rq wkh

djjuhjdwh dedwhphqw h�ruw �@c exw dovr � yld wkh htxloleulxp vhfxulw| wudghv

� rq wkh w|sh sur�oh w ' Ew�c ���c w?�1

Vlqfh wkhuh lv lqfrpsohwh lqirupdwlrq derxw w|shv/ l1h1 wkh w|sh ri wkh

rwkhu frxqwulhv lv qrw nqrzq/ wkh xwlolw| ixqfwlrqv lq +8149, gh�qh d Ed|hvldq

Jdph1 Irupdoo|/ wkh Ed|hvldq jdph frqvlvwv ri wkh vhw ri sod|huv i�c ���c ?jc
wkhlu dfwlrq vhwv iucMj/ wkh vhw ri w|sh sur�ohv Xc wkh sulru glvwulexwlrq

� EX� dqg wkh xwlolw| ixqfwlrqv gh�qhg lq +8149,1

Lq wkh Ed|hvldq jdph/ d vwudwhj| iru frxqwu| � lv d ixqfwlrq @�Ew�� wkdw

jlyhv wkh frxqwu|*v fkrlfh ri dedwhphqw dfwlrq iru hdfk uhdol}dwlrq ri lwv w|sh

w�� Lq Ed|hvldq Qdvk Htxloleulxp frxqwulhv pd{lpl}h wkhlu h{shfwhg xwlolw|

zlwk uhjdug wr wkh rwkhu frxqwulhv* w|shv frqglwlrqdo rq wkhlu rzq w|sh4<

jlyhq wkh rwkhu frxqwulhv* htxloleulxp vwudwhjlhv1

Lq wkh iroorzlqj zh lqwhusuhw dq dedwhphqw yhfwru @ ' E@�c ���c @?� dv wkh

uhvxow ri hdfk frxqwu|*v vwudwhj| @�E�� ehlqj dssolhg wr lwv w|sh w�c l1h1 @ '

@Ew� G' E@�Ew��c ���c @?Ew?��� Qrwh wkdw wkhq �@ dqg vlploduo| gh�qhg yduldeohv

ghshqg rq erwk wkh vwudwhjlhv E@�E����'�c���c? dqg wkh w|sh sur�oh w� Iru vlp0

solflw| ri qrwdwlrq zh prvwo| zulwh �@ dqg rqo| pdnh h{solflw lwv ghshqghqf|

rq vwudwhjlhv dqg w|shv zkhuh lw lv hvvhqwldo1

815 Qr Vhfxulw| Pdunhwv

Iluvw ri doo/ d vfhqdulr zlwkrxw pdunhwv iru folpdwh vhfxulwlhv lv vwxglhg dv

d ehqfkpdun vfhqdulr wr zklfk wkh wzr vfhqdulrv zlwk pdunhwv iru folpdwh

vhfxulwlhv zloo eh frpsduhg ehorz1

4<Gxh wr wkh dvvxpswlrq ri dq lqghshqghqw sulru glvwulexwlrq d frxqwu|*v suredelolw|
iru d fhuwdlq w|sh sur�oh ri wkh rwkhu frxqwulhv frqglwlrqdo rq lwv rzq w|sh lv wkh vdph dv
wkh h{ dqwh suredelolw|1
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81514 Wkh Ed|hvldq Jdph

Zlwkrxw pdunhwv iru folpdwh vhfxulwlhv/ wrwdo xwlolw| iru frxqwu| � iurp +8149,

vlpsol�hv wr53

L�Ew�( @�Ew��c �@E@Ew��� +814:,

' �E7/ � �E@�Ew���� n w��E7/
k� n E�� w���E/

qE�@��

ED���
' �E7/�� SE@�Ew��� n dw��E7/

k� n E�� w���E7/
q�o n E�� w��K

@Kr
�@E@Ew��

zkhuh

SE@�Ew��� G'

+
fc li @�Ew�� ' u

Sc li @�Ew�� ' M
�

Iru wkh sxusrvh ri fkdudfwhul}lqj wkh Ed|hvldq htxloleuld wkh h{suhvvlrq lq

+814:, fdq eh vlpsol�hg ixuwkhu1 Z1o1r1j1 qrupdol}h �E7/� ' f iru doo frxq0

wulhv154 Pruhryhu/ wrwdo xwlolw| iru frxqwu| � lq +814:, dozd|v frqwdlqv wkh

whup lq vtxduh eudfnhwv/ dw��E7/k�nE��w���E7/
q�oc li wkh w|sh lv w�� Vlqfh hdfk

ri wkhvh h{suhvvlrqv dsshduv lq doo wkh sd|r�v ri wkh uhvshfwlyh frxqwu| iru

d �{hg w|sh wkh| fdqfho rxw lq wkh htxloleulxp dqdo|vlv ehorz dqg fdq eh

rplwwhg1

Gh�qh

�@3� G' ri � m � 9' � dqg @� ' Mj +814;,

dv wkh djjuhjdwh dedwhphqw h�ruw ri doo frxqwulhv � 9' � dqg gh�qh dovr

�@� G'

+
�c li @� ' M

fc li @� ' u
�

Wkhq frxqwu| �*v xwlolw| fdq eh uhsuhvhqwhg e| d prgl�hg xwlolw| ixqfwlrq

�L�Ew�( @�c �@3�� ' �SE@�Ew��� n E�� w��K
@Kr
�@�n�@3�

� +814<,

53Uhihu wr Vhfwlrq 81416 lq rughu wr uhfdoo wkh gh�qlwlrqv ri �> edev�d hwf1
54Wkh h{suhvvlrq x+�$, lv d frqvwdqw dqg dsshduv lq doo vxfk h{suhvvlrqv1
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81515 Ed|hvldq Htxloleuld

Wklv vhfwlrq fkdudfwhul}hv wkh Ed|hvldq htxloleuld ri wkh Ed|hvldq jdph lq0

gxfhg e| wkh xwlolw| ixqfwlrqv lq +814<,1 Wkh irxu srwhqwldo htxloleulxp vwudw0

hj| sur�ohv55 duh olvwhg lq Wdeoh 8161

Vwudwhj| sur�oh @ @ 
�
E��� @ 

�
E��� Lqwhusuhwdwlrq

@� u u �qhyhu dedwh�

@2 u M �w|sh0frqvlvwhqw�/�wuxwk0whoolqj�

@� M M �dozd|v dedwh�

@e M u �lqfrqvlvwhqw�

Wdeoh 816= Vwudwhj| sur�ohv

Zlwk vwudwhj| sur�oh @� erwk w|shv ri frxqwulhv/ l1h1 doo frxqwulhv/ dozd|v

fkrrvh u +orz ru qr dedwhphqw,/ zkhuhdv zlwk vwudwhj| sur�oh @� erwk w|shv

ri frxqwulhv dozd|v dedwh1 Vwudwhj| sur�oh @2 fruuhvsrqgv wr w|sh0frqvlvwhqw

ehkdylrxu/ l1h1 w|sh D fkrrvhv u dqg w|sh E fkrrvhv M� Ilqdoo|/ iru vwudwhj|

sur�oh @e wklv ehkdylrxu lv uhyhuvhg vr wkdw @e fruuhvsrqgv wr lqfrqvlvwhqw

ehkdylrxu1

Wkh htxloleulxp frqglwlrqv duh jlyhq lq Sursrvlwlrq 6 ehorz1

Sursrvlwlrq 6

d, Vwudwhj| sur�oh @� +�qr dedwhphqw�, lv d Ed|hvldq Qdvk Htxloleulxp/

li dqg rqo| li

E�� w��K� � S� +8153,

e, Vwudwhj| sur�oh @2 +�w|sh0frqvlvwhqf|�, lv d Ed|hvldq Qdvk Htxloleulxp/

li dqg rqo| li

E�� w��
?3�[
&'f

R&K?3& � S � E�� w��
?3�[
&'f

R&K?3& +8154,

55Wkh dqdo|vlv irfxvhv rq v|pphwulf vwudwhj| sur�ohv vlqfh wkh dqdo|vlv ri dv|pphwulf
vwudwhj| sur�ohv grhv qrw |lhog dq| ixuwkhu lqvljkw1
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zkhuh

R& G'

�
?� �

&

�
R&E�� R�?3�3& iru & ' fc ���c ?� � +8155,

lv wkh elqrpldo frh!flhqw zlwk uhvshfw wr ?� ��

f, Vwudwhj| sur�ohv @� dqg @e fdqqrw eh Ed|hvldq Qdvk htxloleuld iru dq|

sulru R�

Wkh ghwdlov ri wkh surri duh jlyhq lq Dsshqgl{ E1 Wkh lqwxlwlrq iru

Sursrvlwlrq 6 lv dv iroorzv1 Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp li

ghyldwlqj iurp u wr M lv qrw zruwkzkloh iru dq| ri wkh wzr w|shv/ jlyhq

wkdw doo rwkhu frxqwulhv vwlfn wr u� Htxlydohqwo|/ @� lv d Ed|hvldq htxloleulxp

li xqlodwhudo dedwhphqw lv qrw zruwkzkloh iru dq| ri wkh wzr w|shv/ l1h1 li

E�� w��K� � S dqg E�� w��K� � S� E| dvvxpswlrq +818, qhlwkhu ri wkh w|shv

kdv dq lqfhqwlyh iru xqlodwhudo dedwhphqw vr wkdw wkh htxloleulxp frqglwlrqv

iru vwudwhj| sur�oh @� duh vdwlv�hg156 Vlqfh vwudwhj| sur�oh @� lv d srrolqj

vwudwhj|/ l1h1 erwk w|shv fkrrvh wkh vdph dfwlrq/ wkh htxloleulxp frqglwlrqv

gr qrw ghshqg rq wkh sulru R� Wkhuhiruh/ @� lv dq htxloleulxp iru doo sulruv R�

Wklv hqvxuhv h{lvwhqfh ri +dw ohdvw rqh, Ed|hvldq htxloleulxp iru dq| sulru R�

Frqfhuqlqj vwudwhj| sur�oh @2 wkh htxloleulxp frqglwlrqv duh pruh frp0

solfdwhg/ ehfdxvh @2 lv d vhsdudwlqj vwudwhj| sur�oh/ l1h1 wkh gl�huhqw w|shv

fkrrvh gl�huhqw dfwlrqv1 Wkhuhiruh/ wkh h{shfwhg pdujlqdo ehqh�wv iurp gh0

yldwlqj ghshqg rq wkh w|sh sur�oh w ri zklfk hdfk frxqwu| nqrzv rqo| lwv

rzq w|sh1 Frqvhtxhqwo|/ h{shfwdwlrqv zlwk uhvshfw wr wkh w|sh sur�oh kdyh

wr eh wdnhq lq wkh htxloleulxp frqglwlrqv +8154, iru vwudwhj| sur�oh @2� Wkh

elqrpldo frh!flhqw R& uhsuhvhqwv wkh suredelolw| wkdw & rxw ri ?�� frxqwulhv

duh w|sh D1 Jlyhq wkdw doo wkh frxqwulhv zlwk wkh h{fhswlrq ri wkh frxqwu|

xqghu frqvlghudwlrq vwlfn wr vwudwhj| sur�oh @2c R& lv wkh suredelolw| wkdw & ri

wkhvh ?� � frxqwulhv fkrrvh dfwlrq u +dqg wkh uhpdlqlqj ?� �� & frxqwulhv

fkrrvh M��

Lq rughu iru vwudwhj| sur�oh @2 wr eh dq htxloleulxp/ w|sh D pxvw qrw kdyh

dq lqfhqwlyh wr dedwh/ zkhuhdv w|sh E kdv wr kdyh dq lqfhqwlyh wr dedwh1 Wklv

56Vlqfh wkh lqhtxdolw| iru w|sh E lv vwurqjhu wkdq wkdw iru w|sh D/ rqo| wkh w|sh E
lqhtxdolw| dsshduv lq Sursrvlwlrq 61
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lv uhtxluhg lq lqhtxdolw| +8154, zkhuh wkh h{shfwhg57 pdujlqdo ehqh�wv iurp

dedwhphqw iru hdfk ri wkh w|shv duh vhw lqwr uhodwlrq wr pdujlqdo dedwhphqw

frvw S� Vwudwhj| sur�oh @2 lv d Ed|hvldq Qdvk htxloleulxp iru wkh vhw ri sulruv

R vdwlvi|lqj frqglwlrq +8154,1

Vwudwhj| sur�ohv @� dqg @e duh uxohg rxw lpphgldwho| dv htxloleuld e| wkh

idfw wkdw u lv d grplqdqw vwudwhj| iru w|sh D e| dvvxpswlrqv +818, dqg +819,1

E| Sursrvlwlrq 6 wkhuh lv dozd|v dw ohdvw rqh Ed|hvldq Qdvk htxloleulxp

iru d jlyhq sulru glvwulexwlrq lq wkh Ed|hvldq jdph zlwkrxw vhfxulw| pdunhwv/

lq vrph fdvhv wkhuh pd| hyhq eh wzr Ed|hvldq htxloleuld1 Wkh iroorzlqj

vhfwlrq dqdo|vhv wkh h!flhqf| surshuwlhv ri wkhvh htxloleuld1

81516 H!flhqf|

Lq dq lqfrpsohwh lqirupdwlrq frqwh{w/ wkh h!flhqf| frqfhsw pxvw qrw ghshqg

rq wkh dfwxdo uhdol}dwlrq ri wkh w|sh sur�oh1 Ghshqglqj rq zkhwkhu xwlolwlhv

duh hydoxdwhg ehiruh dq|erg| nqrzv wkhlu rzq w|sh +h{ dqwh,/ zkhq hyhu|0

erg| nqrzv wkhlu rzq w|sh exw qrw wkdw ri wkh rwkhuv +lqwhulp, ru zkhq

doo w|shv duh nqrzq +h{ srvw,/ Kropvwurp dqg P|huvrq ^4<;6` gh�qh

wkh qrwlrqv ri h{ dqwh0/ lqwhulp0 dqg h{ srvw0h!flhqf|1 Wkhvh frqfhswv duh

qrz dssolhg wr wkh htxloleulxp vwudwhj| sur�ohv lq wkh ehqfkpdun vfhqdulr

zlwkrxw vhfxulwlhv1

Sursrvlwlrq 7
Li vwudwhj| sur�oh @2 lv dq htxloleulxp/ wkhq lw Sduhwr0grplqdwhv vwudwhj| sur0

�oh @� iurp wkh h{ dqwh dqg iurp wkh lqwhulp srlqw ri ylhz1 Iurp wkh h{ srvw

srlqw ri ylhz qhlwkhu ri wkh vwudwhj| sur�ohv @� dqg @2 Sduhwr0grplqdwhv wkh

rwkhu rqh1

Wkh surri lv jlyhq lq Dsshqgl{ E1 E| Sursrvlwlrq 7 wkh w|sh0frqvlvwhqw ru

wuxwk0whoolqj htxloleulxp vwudwhj| sur�oh @2 lv d �ehwwhu� htxloleulxp wkdq wkh

qhyhu dedwh htxloleulxp vwudwhj| sur�oh @� lq whupv ri h{ dqwh0 dqg lqwhulp0

h!flhqf|1 Uhfdoo wkdw e| Sursrvlwlrq 6 wkh ohvv ghvludeoh htxloleulxp @� uxohv

iru d odujhu vhw ri hfrqrplhv zlwkrxw vhfxulwlhv wkdq wkh suhihuuhg htxloleulxp

57Qrwh wkdw h{shfwdwlrqv duh khuh wdnhq erwk zlwk uhvshfw wr wkh folpdwh vwdwh dqg zlwk
uhvshfw wr wkh w|sh sur�oh1
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@21 Lq sduwlfxodu/ vwudwhj| sur�oh @� lv dq htxloleulxp iru doo sulruv dqg/

pruhryhu/ wkh rqo| htxloleulxp iru fhuwdlq ydoxhv ri Rc zkhuhdv vwudwhj| sur�oh

@2 lv qhyhu wkh rqo| htxloleulxp1

Lq Vhfwlrqv 816 dqg 817 ehorz lw lv dqdo|vhg krz wkh htxloleulxp uhjlrqv

zlwk uhvshfw wr wkh sulruv iru wkh vwudwhj| sur�ohv duh d�hfwhg e| wkh lqwur0

gxfwlrq ri vhfxulw| pdunhwv1

816 Xquhjxodwhg vhfxulw| pdunhwv

Wklv vhfwlrq ghdov zlwk wkh h�hfw ri pdunhwv iru folpdwh vhfxulwlhv rq dedwh0

phqw zkhq wkhuh lv qr uhjxodwru| lqwhuyhqwlrq1 Vlqfh wkh dssurdfk zlwk

uhjxodwlrq pd| qrw eh ihdvleoh ru hqirufhdeoh/ lw lv yhu| lpsruwdqw wr dovr

frqvlghu pdunhwv iru folpdwh vhfxulwlhv lq wkh devhqfh ri uhjxodwlrq1

81614 Wkh Ed|hvldq Jdph zlwk xquhjxodwhg vhfxulwlhv

Iru wkh sxusrvhv ri wklv vhfwlrq lw lv frqyhqlhqw wr uhzulwh wkh xwlolw| ixqfwlrq

lq +814<, lq rughu wr vhsdudwh ehwzhhq wkh dedwhphqw frvw dqg ehqh�wv/ rq

wkh rqh kdqg/ dqg wkh jdlqv iurp vhfxulw| wudglqj/ rq wkh rwkhu kdqg1

Uhfdoo iurp Vhfwlrq 81417 wkdw wkhuh zloo eh qr wudgh dqg wkhuhiruh qr

jdlqv iurp wudgh li doo frxqwulhv duh ri wkh vdph w|sh/ l1h1 li ?�Ew� ' f ru li

?�Ew� ' ?�

Li/ krzhyhu/ wkh w|sh sur�oh w vdwlv�hv f 	 ?�Ew� 	 ?c wkhuh lv wudgh lq

htxloleulxp dqg/ lq jhqhudo/58 rjWEw�c ?�Ew�( �@� 9' f� Lq wkdw fdvh/ wkh htxlole0

ulxp jdlq iurp wudgh lq folpdwh vhfxulwlhv iru frxqwu| � lv gh�qhg dv

}Ew�c ?�Ew�( �@�

G' w�� E7/
k n rkWEw�c ?�Ew�( �@�� n E�� w���

�
/qE�@� n rqWEw�c ?�Ew�( �@

�
�

� �w��E7/k� n E�� w���E/
qE�@��

�
� +8156,

Wkh jdlq iurp wudgh }Ew�c ?�Ew�( �@� ghshqgv rq wkh w|sh w�c wkh glvwulexwlrq

ri w|shv dprqjvw wkh ? frxqwulhv/ uhsuhvhqwhg e| ?�Ew�c dqg wkh djjuhjdwh

dedwhphqw h�ruw �@ lq wkh �uvw shulrg1 Vlqfh wudgh lv yroxqwdu| }Ew�c ?�Ew�( �@�

lv dozd|v qrq0qhjdwlyh1
58Xqohvv/ e| frlqflghqfh/ wkh htxloleulxp vhfxulw| sulfh htxdov wkh dxwdun| sulfh1
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Wkh xwlolw| ixqfwlrq iru frxqwu| � zlwk xquhjxodwhg vhfxulw| pdunhwv fdq

eh zulwwhq dv

L�-
� Ew�c ?�Ew�( @�c �@3�� G'

;A?
A=
�SE@�Ew��� n E�� w��K

@Kr
�@�n�@3�

n}Ew�c ?�Ew�( �@�c li f 	 ?�Ew� 	 ?

�SE@�Ew��� n E�� w��K
@Kr
�@�n�@3�

c li ?�Ew� ' fc ?

+8157,

zkhuh �QU� vwdqgv iru �Qr Uhjxodwlrq� dqg wkh vdph qrupdol}dwlrq dv lq

Vhfwlrq 81514 kdv ehhq dssolhg1 Frpsdulvrq zlwk wkh xwlolw| ixqfwlrq lq wkh

devhqfh ri vhfxulw| pdunhwv lq +814<, vkrzv wzr pdlq gl�huhqfhv1 Iluvw ri

doo/ zlwk xquhjxodwhg vhfxulwlhv d �jdlq iurp wudgh ixqfwlrq� lv dgghg wr wkh

�edvlf xwlolw| ixqfwlrq� lq +814<, zkhqhyhu wudgh wdnhv sodfh1 Vhfrqgo|/ wrwdo

xwlolw| iru frxqwu| � lq +8157, dovr ghshqgv rq wkh w|sh sur�ohv ri wkh rwkhu

frxqwulhv yld wkhvh jdlqv iurp wudgh1

Lw lv lpsruwdqw wr qrwh wkdw wkh dgglwlyh vwuxfwxuh ri wkh xwlolw| ixqfwlrqv

lq +8157, uhodwlyh wr wkrvh lq +814<, grhv qrw lpso| wkdw frxqwulhv zloo/ lq

jhqhudo/ eh ehwwhu r� zlwk xquhjxodwhg vhfxulw| pdunhwv wkdq lq wkh devhqfh

ri vhfxulwlhv1 Iru d jlyhq w|sh sur�oh dqg �{hg vwudwhjlhv E@��� frxqwulhv

fdq rqo| jdlq iurp wudglqj lq vhfxulw| pdunhwv gxh wr sduwlflsdwlrq ehlqj

yroxqwdu|1 Krzhyhu/ lq jhqhudo/ htxloleulxp vwudwhjlhv dqg/ lq sduwlfxodu wkh

htxloleulxp ohyho ri �@c zloo eh gl�huhqw lq wkh jdph zlwk xquhjxodwhg vhfxulw|

pdunhwv wkdq lq wkh devhqfh ri vhfxulwlhv1 Wkhuhiruh wkh dgglwlyh vwuxfwxuh

ri wkh xwlolw| ixqfwlrqv lq +8157, grhv qrw shuplw dq| frqfoxvlrqv derxw wkh

ryhudoo h�hfw ri vhfxulw| pdunhwv rq frxqwulhv* htxloleulxp xwlolw| ohyhov1

81615 Ed|hvldq Htxloleuld

Wklv vhfwlrq fkdudfwhul}hv wkh Ed|hvldq htxloleuld ri wkh Ed|hvldq jdph lq0

gxfhg e| wkh xwlolw| ixqfwlrqv lq +8157,1 Wkh htxloleulxp frqglwlrqv iru wkh

gl�huhqw vwudwhj| sur�ohv qdwxudoo| uhvhpeoh wkrvh lq Sursrvlwlrq 6/ krzhyhu/

vrph dgglwlrqdo h{suhvvlrqv dulvlqj iurp wudgh lq folpdwh vhfxulwlhv dsshdu1

Wkhvh h{suhvvlrqv duh wkh h{shfwhg dgglwlrqdo59 dedwhphqw lqfhqwlyhv jhqhu0

59�Dgglwlrqdo� lq wkh vhqvh ri wkh lqfhqwlyh dulvlqj iurp pdunhwv iru folpdwh vhfxulwlhv
dqg qrw iurp dedwhphqw ehqh�wv1
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dwhg e| xquhjxodwhg vhfxulw| pdunhwv1 Wkh| ghwhuplqh wkh h�hfw ri folpdwh

vhfxulwlhv rq dedwhphqw ehkdylrxu1

Wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv dsshdulqj lq wkh htxlole0

ulxp frqglwlrqv iru wkh �qhyhu dedwh�0vwudwhj| sur�oh @� duh5:

}��?�ER� G'
?32[
&'f

R&d}Ew
�c & n �( ��� }Ew�c & n �( f�o +8158,

dqg }��?�ER� G'
?3�[
&'�

R&d}Ew
�c &( ��� }Ew�c &( f�o +8159,

zkhuh R& lv djdlq wkh elqrpldo frh!flhqw gh�qhg lq Sursrvlwlrq 6 deryh dqg

wkh vxevfulsw �xql� vwdqgv iru �xqlodwhudo�15; Uhfdoo wkdw R&/ wkh suredelo0

lw| wkdw & rxw ri ? � � frxqwulhv duh w|sh D/ lv d ixqfwlrq ri wkh sulru R�

Wkhuhiruh wkh h{suhvvlrqv }��?�ER� dqg }��?�ER� duh dovr ixqfwlrqv ri wkh sulru

R1 Wkhlu lqwhusuhwdwlrq lv wkh iroorzlqj1 }��?�ER� lv wkh gl�huhqfh ehwzhhq

wkh h{shfwhg jdlqv iurp wudgh/ zkhq w|sh � dedwhv/ dqg wkh h{shfwhg jdlqv

iurp wudgh/ zkhq w|sh � grhv qrw dedwh/ jlyhq wkdw doo rwkhu frxqwulhv vwlfn

wr vwudwhj| sur�oh @� dqg qhyhu dedwh1 Lq gl�huhqw zrugv/ }��?�ER� lv w|sh

�*v h{shfwhg dgglwlrqdo lqfhqwlyh iru xqlodwhudo dedwhphqw1 Dowkrxjk @� lv d

srrolqj vwudwhj| dqg wkh rwkhu frxqwulhv* ehkdylrxu grhv qrw ghshqg rq wkhlu

w|sh/5< h{shfwdwlrqv zlwk uhvshfw wr wkh w|sh sur�oh duh wdnhq ehfdxvh wkh

vhfxulw| pdunhw htxloleulxp/ dqg wkhuhiruh wkh jdlqv iurp wudgh/ ghshqg rq

wkh w|sh sur�oh1 Wkh lqwhusuhwdwlrq ri }��?�ER� lv dqdorjrxv1
63

Wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv dsshdulqj lq wkh htxlole0

5:Vhh Sursrvlwlrq 8 ehorz1
5;Vhh h{sodqdwlrq ehorz1
5<Qrwh wkdw �d lv hlwkhu rqh ru }hur dqg ghwhuplqhg hqwluho| e| wkh frxqwu| xqghu frq0

vlghudwlrq1
63Qrwh wkdw lq wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv wkh vxpv uxq iurp n @ 3

wr n @ q � 5 li frxqwu| l lv w|sh D dqg iurp n @ 4 wr n @ q � 4 li frxqwu| l lv w|sh E1
Wklv lv gxh wr wkh idfw wkdw iru wkh rplwwhg ydoxhv ri n doo frxqwulhv duh ri wkh vdph w|sh
vr wkdw wkhuh lv qr wudgh lq htxloleulxp dqg/ frqvhtxhqwo|/ qr jdlqv iurp wudgh/ hlwkhu1
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ulxp frqglwlrqv iru wkh w|sh0frqvlvwhqw vwudwhj| sur�oh @2 duh

}�SJ?ER� G'
?32[
&'f

R&d}Ew
�c & n �(?� &�� }Ew�c & n �(?� & � ��o

dqg }�SJ?ER� G'
?3�[
&'�

R&d}Ew
�c &(?� &�� }Ew�c &(?� & � ��o

zkhuh �frq� vwdqgv iru �frqvlvwhqw�1 }�SJ?ER� duh wkh h{shfwhg dgglwlrqdo

lqfhqwlyhv iru w|sh � wr dedwhc jlyhq wkdw doo rwkhu frxqwulhv ehkdyh frqvlv0

whqwo|/ l1h1 dffruglqj wr vwudwhj| sur�oh @2� Vlqfh @2 lv d vhsdudwlqj vwudwhj|

sur�oh wkh qxpehu ri rwkhu frxqwulhv dedwlqj ghshqgv rq wkhlu w|sh sur�oh64

vr wkdw h{shfwdwlrqv zlwk uhvshfw wr wkh qxpehu ri w|sh D frxqwulhv lq wkdw

w|sh sur�oh/ lqgh{hg &c duh wdnhq lq }�SJ?ER�1 Wkh lqwhusuhwdwlrq ri }�SJ?ER� lv

dqdorjrxv1

Qrwh wkdw wkh pdlq gl�huhqfh uhodwlyh wr wkh h{suhvvlrqv }��?�ER� dqg

}��?�ER� lv wkh xqghuo|lqj dvvxpswlrq derxw wkh ehkdylrxu ri wkh rwkhu frxq0

wulhv1 Iru }��?�ER� dqg }��?�ER� wkh rwkhu frxqwulhv duh dvvxphg wr ehkdyh

dffruglqj wr vwudwhj| sur�oh @�c zkhuhdv iru }�SJ?ER� dqg }�SJ?ER� wkh| duh dv0

vxphg wr ehkdyh dffruglqj wr vwudwhj| sur�oh @2�

Vlploduo|/ wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv dsshdulqj lq wkh

htxloleulxp frqglwlrqv iru vwudwhj| sur�ohv @� dqg @e duh

}��J�?ER� G'
?32[
&'f

R&d}Ew
�c & n �(?�� }Ew�c & n �(?� ��o

dqg }��J�?ER� G'
?3�[
&'�

R&d}Ew
�c &(?�� }Ew�c &(?� ��oc

dv zhoo dv }��?SER� G'
?32[
&'f

R&d}Ew
�c & n �( & n ��� }Ew�c & n �( &�o

dqg }��?SER� G'
?3�[
&'�

R&d}Ew
�c &( & n ��� }Ew�c &( &�o�

}��J�?ER� dqg }��J�?ER� duh dvvrfldwhg zlwk vwudwhj| sur�oh @�c l1h1 lw lv dvvxphg

wkdw doo rwkhu frxqwulhv fkrrvh Mc luuhohydqw ri wkhlu w|sh1 Wkhuhiruh }f�J�?ER�

64Wkh w|sh sur�oh ri �wkh rwkhu q�4 frxqwulhv� lv ghqrwhg ��l lq wkh surri +fi1 Dsshqgl{
E, zkhuh ��l lv gh�qhg lq wkh xvxdo zd| dv ��l =@ +�4> ===> �l�4> �l.4> ===> �q,=
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lv wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyh iru w|sh f dvvxplqj wkdw

doo rwkhu frxqwulhv dedwh/ l1h1 wkh h{shfwhg dgglwlrqdo lqfhqwlyh wr mrlq wkh

rwkhu frxqwulhv lq dedwhphqw Ef ' �c��/ wkxv dovr h{sodlqlqj wkh vxevfulsw

�mrlq�1

Ilqdoo|/ wkh h{suhvvlrqv }��?SER� dqg }��?SER� dsshdu lq wkh frqwh{w ri wkh

lqfrqvlvwhqw65 vwudwhj| sur�oh @e� Wkh| uhvhpeoh wkh h{suhvvlrqv }fSJ?ER�c wkh

gl�huhqfh ehlqj wkdw wkh| dvvxph wkdw doo rwkhu frxqwulhv ehkdyh dffruglqj

wr vwudwhj| sur�oh @e�

Wkh prvw lpsruwdqw ihdwxuh ri wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhq0

wlyhv/ l1h1 wkh h{suhvvlrqv }f�?�ER�c }
f
SJ?ER�c }

f
�J�?ER� dqg }

f
�?SER� iru f ' �c�c lv

wkdw wkhlu vljqv duh dpeljxrxv1 Dowkrxjk wkh jdlqv iurp wudgh }Ewf c ?�Ew�( �@�

duh dozd|v qrq0qhjdwlyh vlqfh sduwlflsdwlrq lv yroxqwdu|/ gl�huhqfhv ri wzr

vxfk qrq0qhjdwlyh h{suhvvlrqv/ dsshdulqj lq wkh h{shfwhg dgglwlrqdo dedwh0

phqw lqfhqwlyhv/ fdq ehfrph vpdoohu wkdq }hur1 Wkhuhiruh/ d zhljkwhg vxp ri

vxfk gl�huhqfhv fdq dovr ehfrph vpdoohu wkdq }hur1 Wkh h{dpsohv lq Vhfwlrq

915 ehorz vxjjhvw wkdw qhjdwlyh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv

duh lqghhg d uhohydqw fdvh1 Lq sduwlfxodu/ wkh h{shfwhg dgglwlrqdo dedwhphqw

�lqfhqwlyh�/ zkhq vpdoohu wkdq }hur/ uhsuhvhqwv dq lqfhqwlyh qrw wr dedwh1

Sursrvlwlrq 8 jlyhv wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�ohv @� wr

@e zlwk xquhjxodwhg vhfxulw| pdunhwv1

Sursrvlwlrq 8

d, Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� wf�K� n }f�?�ER� � S iru f ' �c�� +815:,

e, Vwudwhj| sur�oh @2 lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��
?3�[
&'f

R&K?3& n }�SJ?ER� � S +815;,

dqg E�� w��
?3�[
&'f

R&K?3& n }�SJ?ER� � S� +815<,

65Wkh vxevfulsw �lqf� vwdqgv iru �lqfrqvlvwhqw�1



8161 XQUHJXODWHG VHFXULW\ PDUNHWV :4

f, Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� wf�K? n }f�J�?ER� � S iru f ' �c�� +8163,

g, Vwudwhj| sur�oh @e lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��
?3�[
&'f

R&K&n� n }��?SER� � S +8164,

dqg E�� w��
?3�[
&'f

R&K&n� n }��?SER� � S� +8165,

Wkh surri lv jlyhq lq Dsshqgl{ E1 Gxh wr wkh dpeljxlw| ri wkh vljqv ri

wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv wkh h�hfw ri folpdwh vhfxulwlhv

rq dedwhphqw uhodwlyh wr wkh fdvh zlwkrxw vhfxulw| pdunhwv lv qrw hdv| wr

ghwhuplqh1 Wklv h�hfw lv dqdo|vhg lq ghwdlo lq wkh iroorzlqj vhfwlrq1

81616 Wkh h�hfw ri vhfxulw| pdunhwv rq wkh htxloleulxp
frqglwlrqv

Vlqfh wkh vljqv ri wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv jhqhudwhg

e| xquhjxodwhg vhfxulw| pdunhwv duh dpeljxrxv/ vr duh/ qrw vxusulvlqjo|/

wkh h�hfwv rq dedwhphqw1 Li wkh h{suhvvlrqv }f5 ER� zlwk f ' �c� dqg

5 ' �?�c SJ?c �J�?c �?S duh odujhu wkdq }hur/ wkh h�hfw ri vhfxulw| pdunhwv

fruuhvsrqgv wr wkdw ri dq lqfuhdvh lq h{shfwhg pdujlqdo dedwhphqw ehqh�wv/

l1h1 vhfxulw| pdunhwv hqfrxudjh dedwhphqw1 Li/ krzhyhu/ wkh h{suhvvlrqv }f5 ER�

duh vpdoohu wkdq }hur/ wkh h�hfw ri vhfxulw| pdunhwv fruuhvsrqgv wr wkdw ri

d ghfuhdvh lq h{shfwhg pdujlqdo dedwhphqw ehqh�wv/ l1h1 vhfxulw| pdunhwv

uhqghu dedwhphqw ohvv dwwudfwlyh1

Wkh htxloleulxp uhjlrqv iru wkh irxu vwudwhj| sur�ohv duh d�hfwhg gli0

ihuhqwo| e|/ iru h{dpsoh/ dq lqfuhdvh lq h{shfwhg dedwhphqw ehqh�wv1 Wkh

uhvxowlqj h�hfw ghshqgv rq wkh gluhfwlrq ri wkh lqhtxdolwlhv lq wkh htxloleulxp

frqglwlrqv/ zklfk/ lq wxuq/ lv ghwhuplqhg e| wkh vwudwhjlhv1

Li/ iru h{dpsoh/ wkh h{suhvvlrqv }��?�ER� dqg }��?�ER� duh odujhu wkdq }hur/

wkxv pdnlqj dfwlrq M pruh dwwudfwlyh/ qdwxudoo| vwudwhj| sur�oh @� zlwk

erwk w|shv fkrrvlqj u ehfrphv kdughu wr vxvwdlq dv dq htxloleulxp1 Wkh
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lqhtxdolwlhv lq +815:, duh erwk vwurqjhu wkdq wkh fruuhvsrqglqj lqhtxdolwlhv

lq wkh devhqfh ri vhfxulwlhv/ lqhtxdolw| +8153, iru w|sh E dqg wkh fruuhvsrqglqj

lqhtxdolw| iru w|sh D1 Qrwh/ lq sduwlfxodu/ wkdw zlwk xquhjxodwhg vhfxulwlhv wkh

htxloleulxp frqglwlrqv lq +815:, duh qrw lqghshqghqw ri wkh sulru R dq|pruh1

Wkhuhiruh/ vwudwhj| sur�oh @� pd| eh dq htxloleulxp rqo| iru fhuwdlq ydoxhv

ri Rc l1h1 hphujh iru d vpdoohu vhw ri hfrqrplhv wkdq lq wkh devhqfh ri vhfxulw|

pdunhwv1

Li/ wr wkh frqwudu|/ wkh h{suhvvlrqv }��?�ER� dqg }��?�ER� duh vpdoohu wkdq

}hur/ wkh lqhtxdolwlhv lq +815:, duh ohvv elqglqj wkdq lq wkh devhqfh ri folpdwh

vhfxulwlhv dqg vwudwhj| sur�oh @� uhpdlqv dq htxloleulxp iru doo sulruv1

Vlqfh vwudwhj| sur�oh @2 lv d vhsdudwlqj sur�oh/ wkh lqhtxdolwlhv iru wkh wzr

w|shv duh d�hfwhg gl�huhqwo| e|/ iru h{dpsoh/ h{shfwhg dgglwlrqdo dedwhphqw

lqfhqwlyhv }fSJ?ER� odujhu wkdq }hur1 Li }�SJ?ER� lv odujhu wkdq }hur/ lqhtxdolw|

+815;, ehfrphv vwulfwhu wkdq wkh fruuhvsrqglqj sduw ri lqhtxdolw| +8154,1 Wklv

lv wkh fdvh vlqfh dfwlrq M lv uhqghuhg pruh dwwudfwlyh iru w|sh D zkhq }�SJ?ER�

lv odujhu wkdq }hur/ exw dffruglqj wr vwudwhj| sur�oh @2 w|sh D fkrrvhv u� Lq

frqwudvw/ d srvlwlyh dedwhphqw lqfhqwlyh iru w|sh E/ l1h1 }�SJ?ER� : f/ zhdnhqv

lqhtxdolw| +815<,/ vlqfh w|sh E fkrrvhv M dffruglqj wr vwudwhj| sur�oh @2� Li

}�SJ?ER� dqg }�SJ?ER� duh vpdoohu wkdq }hur/ wkh h�hfwv duh uhyhuvhg1

Uhfdoo iurp Vhfwlrq 81515 wkdw lq wkh devhqfh ri vhfxulw| pdunhwv vwudwhj|

sur�ohv @� dqg @e frxog qrw eh vxssruwhg dv Ed|hvldq htxloleuld166 Zlwk

xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv vwudwhj| sur�ohv @� dqg @e fdq eh

vxssruwhg dv Ed|hvldq htxloleuld iru fhuwdlq sulruv R li wkh h{shfwhg dgglwlrqdo

dedwhphqw lqfhqwlyhv duh odujh hqrxjk1

E| +8163, dqg +819, d qhfhvvdu| frqglwlrq iru vwudwhj| sur�oh @� wr eh dq

htxloleulxp lv }��J�?ER� : f� Vlploduo|/ +8164, dqg +8165, lpso| wkdw d qhfhvvdu|

frqglwlrq iru vwudwhj| sur�oh @e wr eh dq htxloleulxp lv

}��?SER�� }��?SER� �
�
E�� w��� E�� w��

� ?3�[
&'f

R&K&n�c

l1h1 wkh h{shfwhg dgglwlrqdo ehqh�wv iru w|sh D kdyh wr eh vx!flhqwo| odujhu

wkdq wkrvh iru w|sh E1

66Wklv zdv uxohg rxw e| O ehlqj d grplqdqw vwudwhj| iru w|sh D1
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Gxh wr wkh frpsoh{lw| ri wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv

qr pruh fdq eh vdlg iru wkh jhqhudo fdvh1 Wkhuhiruh wkh h�hfwv ri xquhjx0

odwhg folpdwh vhfxulwlhv rq dedwhphqw ehkdylrxu duh dqdo|vhg dqg judsklfdoo|

looxvwudwhg lq Vhfwlrq 914 iru wkh fdvh ri wzr frxqwulhv1 Lq sduwlfxodu/ wkh hi0

ihfwv rq wkh htxloleulxp uhjlrqv/ l1h1 wkh vhwv ri sulruv iru zklfk hdfk ri wkh

vwudwhj| sur�ohv lv d Ed|hvldq htxloleulxp/ duh vwxglhg1 Lq Vhfwlrq 915 vrph

looxvwudwlyh h{dpsohv duh suhvhqwhg1

81617 Wkh h�hfw ri vhfxulw| pdunhwv rq djjuhjdwh dedwh0
phqw

Wklv vhfwlrq lv frqfhuqhg zlwk dq htxdoo| lpsruwdqw dvshfw/ wkh htxloleulxp

ohyho ri djjuhjdwh dedwhphqw dqg krz lw lv d�hfwhg e| vhfxulw| pdunhwv1 Wdeoh

817 ehorz olvwv wkh htxloleulxp ydoxhv ri djjuhjdwh dedwhphqw �@ iru hdfk ri

wkh htxloleulxp vwudwhj| sur�ohv1

Vwudwhj| sur�oh Djjuhjdwh dedwhphqw �@

@� f

@2 ?�Ew�

@� ?

@e ?�Ew�

Wdeoh 817= Djjuhjdwh dedwhphqw ohyhov iru wkh irxu vwudwhj| sur�ohv1

Qrwh wkdw gxh wr glvfuhwhqhvv ri wkh dedwhphqw vwudwhjlhv hdfk htxloleulxp

vwudwhj| sur�oh ohdgv wr wkh vdph djjuhjdwh dedwhphqw ohyho �@ iru doo wkuhh

vfhqdulrv lqyhvwljdwhg1 Iru wkh wzr srrolqj htxloleulxp vwudwhj| sur�ohv @�

dqg @� wkh djjuhjdwh ohyho ri dedwhphqw �@ grhv qrw ghshqg rq wkh w|sh

sur�oh wc exw iru wkh vhsdudwlqj vwudwhj| sur�ohv @2 dqg @e lw grhv1 Uhfdoo

wkdw/ ghshqglqj rq wkh w|sh sur�oh wc ?�Ew� dqg ?�Ew� fdq dvvxph ydoxhv

ehwzhhq f dqg ? dqg qrwh wkdw

?�Ew� : ?�Ew� / ?�Ew� :
?

2
�

Reylrxvo|/ wkh htxloleulxp ohyho ri djjuhjdwh dedwhphqw zloo qrw eh di0

ihfwhg e| vhfxulw| pdunhwv li wkh vdph htxloleulxp uhljqv erwk zlwkrxw dqg
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zlwk xquhjxodwhg vhfxulw| pdunhwv1 Wkh htxloleulxp uhjlrqv zlwk xquhjx0

odwhg vhfxulw| pdunhwv/ krzhyhu/ pd| gl�hu iurp wkh htxloleulxp uhjlrqv lq

wkh devhqfh ri vhfxulw| pdunhwv vlqfh wkh| ghshqg rq wkh jdlqv iurp wudgh

h{suhvvlrqv1 Qrwh wkdw frqvwdqf| ri djjuhjdwh dedwhphqw ohyhov lq wklv prgho

lv gxh wr glvfuhwhqhvv ri wkh dedwhphqw vwudwhj|/ vlqfh wkhuh fdq eh qr judg0

xdo dgdswlrq ri wkh htxloleulxp vwudwhj| dv/ iru h{dpsoh/ lq wkh prgho ri

Fkdswhu ; ehorz1

Uhfdoo iurp wkh dqdo|vlv deryh wkdw wkhuh fdq eh pxowlsoh htxloleuld/
dw ohdvw iru vrph ydoxhv ri wkh sulru Rc lq erwk vfhqdulrv lqyhvwljdwhg vr idu1

Lq wkdw fdvh/ wkh htxloleulxp sod|hg zlwk xquhjxodwhg vhfxulw| pdunhwv pd|

gl�hu iurp wkh htxloleulxp sod|hg lq wkh devhqfh ri vhfxulw| pdunhwv1 Lq

gl�huhqw zrugv/ frpsdulqj wkh vlwxdwlrq zlwkrxw vhfxulwlhv wr wkdw zlwk xq0

uhjxodwhg vhfxulwlhv wkhuh pd| eh d �vzlwfk� iurp rqh htxloleulxp wr dqrwkhu

htxloleulxp167 Zlwk pxowlsoh htxloleuld wkh ohyho ri djjuhjdwh dedwhphqw lv

lqghhg d�hfwhg li wkhuh lv d vzlwfk iurp rqh htxloleulxp wr dqrwkhu htxlole0

ulxp zkhq xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv duh lqwurgxfhg1

Frqvlghu �uvw wkh fdvh wkdw @� lv wkh htxloleulxp sod|hg lq wkh devhqfh

ri vhfxulw| pdunhwv1 Wkhq/ qrqh ri wkh frxqwulhv dedwhv dqg wkh djjuhjdwh

dedwhphqw ohyho lv �@ ' f� Qdwxudoo|/ vlqfh �@ ' f lv dovr wkh orzhu erxqg

iru djjuhjdwh dedwhphqw/ wkh ohyho ri djjuhjdwh dedwhphqw zlwk xquhjxodwhg

vhfxulwlhv fdqqrw ghfuhdvh dq| ixuwkhu1

Li @� lv dovr wkh htxloleulxp sod|hg zlwk xquhjxodwhg vhfxulw| pdunhwv/

djjuhjdwh dedwhphqw lv hylghqwo| qrw d�hfwhg e| xquhjxodwhg vhfxulw| wudg0

lqj1 Ehvlghv/ Wdeoh 817 vkrzv wkdw wkhuh duh wzr ixuwkhu frqvwhoodwlrqv iru

zklfk wkh djjuhjdwh dedwhphqw ohyho lv qrw d�hfwhg e| xquhjxodwhg vhfxulw|

pdunhwv= �uvwo|/ li wkhuh lv d vzlwfk wr @2 dv htxloleulxp dqg doo frxqwulhv duh

w|sh D/ l1h1 ?�Ew� ' f/ dqg vhfrqgo|/ li wkhuh lv d vzlwfk wr @e dv htxloleulxp

dqg li doo frxqwulhv duh w|sh E/ l1h1 ?�Ew� ' f1

Krzhyhu/ d vzlwfk iurp htxloleulxp vwudwhj| sur�oh @� wr @2 ohdgv wr dq

lqfuhdvh lq djjuhjdwh dedwhphqw iurp �@ ' f wr �@ ' ?�Ew� iru doo w|sh sur�ohv

w zlwk dw ohdvw rqh w|sh E frxqwu|/ l1h1 zlwk ?�Ew� : f� D vzlwfk iurp @�

wr @� ohdgv wr dq lqfuhdvh lq djjuhjdwh dedwhphqw iurp �@ ' f wr �@ ' ?/

67Qrwh wkdw zlwk pxowlsoh htxloleuld zh fdqqrw eh vxuh zklfk htxloleulxp zloo eh sod|hg
xqohvv dsso|lqj d wkhru| ri htxloleulxp vhohfwlrq zklfk lv qrw dwwhpswhg khuh1
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lqghshqghqwo| ri wkh w|sh sur�oh w� Ilqdoo|/ d vzlwfk iurp @� wr @e ohdgv wr

dq lqfuhdvh lq djjuhjdwh dedwhphqw iurp �@ ' f wr �@ ' ?�Ew� zkhq dw ohdvw

rqh frxqwu| lv w|sh D/ l1h1 ?�Ew� : f krogv1

Qrz wxuq wr wkh fdvh lq zklfk @2 lv wkh htxloleulxp sod|hg lq wkh devhqfh

ri vhfxulw| pdunhwv1 Wkhq wkh lqlwldo ohyho ri djjuhjdwh dedwhphqw �@ ' ?�Ew�

ghshqgv rq wkh w|sh sur�oh w� Wulyldoo|/ li @2 dovr uhljqv zlwk xquhjxodwhg

vhfxulwlhv/ djjuhjdwh dedwhphqw lv qrw d�hfwhg e| vhfxulw| pdunhwv1

Iru �lqwhulru� w|sh sur�ohv w/ l1h1 w|sh sur�ohv vdwlvi|lqj ? : ?�Ew� : f/

djjuhjdwh dedwhphqw fdq lqfuhdvh/ uhpdlq frqvwdqw ru ghfuhdvh gxh wr d

vzlwfk lq htxloleulxp dv iroorzv1 Li wkhuh kdsshqv wr eh d vzlwfk lq htxl0

oleulxp iurp @2 +zlwkrxw vhfxulwlhv, wr @� +zlwk xquhjxodwhg vhfxulwlhv,/ wkhq

djjuhjdwh dedwhphqw ghfuhdvhv iurp �@ ' ?�Ew� : f wr �@ ' f� Li/ krzhyhu/

wkhuh lv d vzlwfk iurp @2 wr @�c djjuhjdwh dedwhphqw lqfuhdvhv wr �@ ' ?� D

vzlwfk iurp @2 wr @e fdxvhv dq lqfuhdvh lq djjuhjdwh dedwhphqw li ?�Ew� : ?
2
c

d ghfuhdvh lq djjuhjdwh dedwhphqw li ?�Ew� 	 ?
2
dqg qr fkdqjh li ?�Ew� ' ?

2
�

Iru w|sh sur�ohv zlwk �@ ' ?�Ew� ' f wkh deryh frqvlghudwlrqv iru @� dv

htxloleulxp vwudwhj| sur�oh lq wkh devhqfh ri vhfxulwlhv dsso| dqdorjrxvo|/ iru

w|sh sur�ohv zlwk �@ ' ?�Ew� ' ? wkh h�hfwv duh uhyhuvhg1

Wkh lpsruwdqw idfw wr qrwh lv wkdw zlwklq wkh iudphzrun ri wklv prgho

xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv gr qrw qhfhvvdulo| lqfuhdvh djjuh0

jdwh dedwhphqw frpsduhg wr wkh vlwxdwlrq lq wkh devhqfh ri vhfxulwlhv1 Wkh|

pljkw ohdg wr ohvv dedwhphqw li @2 lv wkh htxloleulxp sod|hg lq wkh devhqfh

ri vhfxulwlhv/ exw wkdw zloo qrw qhfhvvdulo| eh wkh fdvh1 Dowkrxjk lq wkh glv0

fuhwh prgho68 dqdo|vhg khuh lw vhhpv wkdw wklv skhqrphqrq lv gulyhq pdlqo|

e| wkh h{lvwhqfh ri pxowlsoh htxloleuld/ wkh uhvxowv iru wkh frqwlqxrxv prgho

lqyhvwljdwhg lq Fkdswhu ; glvsod| vlplodu h�hfwv1

Reylrxvo|/ pxowlsolflw| ri htxloleuld lv qrw vshfl�fdoo| uhodwhg wr wkh h{lv0

whqfh ri vhfxulw| pdunhwv1 Exw wkh h{lvwhqfh ri xquhjxodwhg vhfxulw| pdunhwv

pd| lqfuhdvh wkh qxpehu ri htxloleuld/ wkxv jhqhudwlqj pruh �vzlwfklqj srv0

vlelolwlhv� dqg d odujhu udqjh ri srwhqwldo h�hfwv rq djjuhjdwh dedwhphqw1

68Zlwk glvfuhwh dedwhphqw vwudwhjlhv wkhuh lv qr vfrsh iru judgxdo/ vpdoo dgdswlrqv ri
wkh htxloleulxp dprxqw ri dedwhphqw dv zrxog eh wkh fdvh lq d frqwlqxrxv prgho1
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817 Uhjxodwhg Vhfxulw| Pdunhwv

Wklv vhfwlrq vwxglhv wkh h�hfw ri uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv rq

dedwhphqw dfwlylw|1 Lq sduwlfxodu/ lw lv dlphg dw fdswxulqj wkh lqwxlwlrq ri wkh

LSFF fodlp1 Uhjxodwlrq lv wkh phdqv ri hvwdeolvklqj wkdw olqn1 Wkh iroorzlqj

vhfwlrq lqwurgxfhv dqg glvfxvvhv wkh uhjxodwlrq dssurdfk hpsor|hg ehorz1

81714 Uhjxodwlrq

Dv h{sodlqhg lq wkh Lqwurgxfwlrq wkh lqwxlwlrq ehklqg wkh LSFF fodlp lv wr

jhqhudwh d wudgh0r� ehwzhhq wkh jdlqv iurp iuhh ulglqj dqg wkh jdlqv iurp

wudgh lq folpdwh vhfxulwlhv1 Vxfk d wudgh0r� fdq eh fuhdwhg e| olqnlqj wkh

dedwhphqw ghflvlrq dqg wkh sruwirolr ghflvlrq wr hdfk rwkhu1 Fuxfldo iru wkh

fuhdwlrq ri wklv wudgh0r� lv wkh idfw wkdw/ e| Ohppd 5/ wkh wzr gl�huhqw w|shv

ehkdyh gl�huhqwo| rq pdunhwv iru folpdwh vhfxulwlhv1 Wkhuhiruh wkhvh pdunhwv

fdq frqwulexwh ydoxdeoh lqirupdwlrq derxw frxqwulhv* wuxh w|shv169

Wkh ghvluhg wudgh0r� frxog htxlydohqwo| eh dfklhyhg hlwkhu e| uhjxodwlrq

ri vhfxulw| wudglqj ru e| sxqlvklqj iuhh ulghuv1 Wkh ihdwxuh frpprq wr erwk

dssurdfkhv lv wkdw wkh| dlp dw suhyhqwlqj lqfrqvlvwhqw ehkdylrxu/ dv gh�qhg

lq Vhfwlrq 81416/ hlwkhu e| h{foxglqj lw gluhfwo| ru/ lqgluhfwo|/ e| sxqlvklqj lw1

Uhjxodwlrq lqyroyhv pdnlqj d frxqwu|*v wudglqj rssruwxqlwlhv +lwv �ihdvl0

eoh vhw�ri wudghv, ghshqghqw rq lwv dedwhphqw ghflvlrq1 Lq sduwlfxodu/ uhjxod0

wlrq ri wudglqj zrxog eh ghvljqhg wr suhyhqw lqfrqvlvwhqw ehkdylrxu/ l1h1 frxq0

wulhv zrxog rqo| eh doorzhg wr wudqvdfw wudghv ehlqj frqvlvwhqw zlwk wkhlu

dedwhphqw dfwlylw|1 Uhjxodwlrq pd| eh ghvljqhg wr dsso| wr erwk w|shv/

dv lv wkh fdvh ehorz/ ru/ iru h{dpsoh/ rqo| wr w|sh E1 Wkh odwwhu nlqg ri

uhjxodwlrq lv glvfxvvhg lq Vhfwlrq 81815 ehorz1

Wkh vhfrqg dssurdfk wr jhqhudwlqj wkh ghvluhg wudgh0r� lv sxqlvklqj iuhh

ulghuv1 Lq wkdw fdvh wkhuh zrxog eh qr uhjxodwru| lqwhuyhqwlrq zlwk uhvshfw

wr wudgh lq folpdwh vhfxulwlhv1 Diwhu wudgh kdv wdnhq sodfh/ frxqwulhv* w|shv

zrxog eh ghulyhg dffruglqj wr Ohppd 51 Wkhq/ lqfrqvlvwhqw ehkdylrxu frxog

eh lghqwl�hg/ dqg vxevhtxhqwo| vdqfwlrqhg/ e| frpsdulqj dedwhphqw eh0

69Qrwh/ krzhyhu/ wkdw frxqwulhv* w|shv fdq rqo| eh ghgxfhg iurp wkhlu wudglqj ehkdylrxu
li frxqwulhv duh lghqwlfdo rwkhuzlvh1 Vhh Vhfwlrq :151
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kdylrxu/ rq wkh rqh kdqg/ zlwk revhuyhg wudghv dqg wkhlu lpsolfdwlrqv iru

frxqwulhv* w|shv/ rq wkh rwkhu kdqg1 Li wkh sxqlvkphqwv iru lqfrqvlvwhqw eh0

kdylrxu duh odujh hqrxjk/ wkhq vxfk d vfkhph zloo dovr suhyhqw lqfrqvlvwhqw

ehkdylrxu16: Wkhuhiruh/ wkh ghvluhg wudgh0r� frxog htxlydohqwo| eh jhqhudwhg

e| phdqv ri uhjxodwlrq ru e| phdqv ri sxqlvkphqwv iru iuhh ulghuv1 Lq wkh

iroorzlqj/ zh frqfhqwudwh rq d uhjxodwlyh dssurdfk z1o1r1j1

Wkh uhjxodwlrq vfkhph xvhg lq Vhfwlrq 81715 ehorz frqvlvwv ri wudglqj

uhvwulfwlrqv iru folpdwh vhfxulwlhv1 Erwk w|shv ri frxqwulhv duh uhvwulfwhg wr

wkrvh vhfxulw| wudghv wkdw duh frqvlvwhqw zlwk wkhlu dedwhphqw vwudwhj|6; lq

wkh �uvw shulrg1 Iru h{dpsoh/ frqvlghu d frxqwu| ri w|sh E wkdw fkrvh u lq

| ' �c wkxv �suhwhqglqj� wr eh w|sh D1 Dv d w|sh D0frxqwu| lw zrxog zdqw

wr ex| vhfxulw| k dqg vhoo vhfxulw| q +fi1 Ohppd 5,1 Wklv lv h{dfwo| zkdw lw

lv doorzhg wr gr e| wkh wudglqj uhvwulfwlrqv rq wkh vhfxulw| pdunhwv1 Li wkh

frxqwu| zhuh uhdoo| w|sh D/ wkhq wkhvh uhvwulfwlrqv zrxog qrw eh elqglqj1 Exw

vlqfh lwv wuxh w|sh lv E/ wkh| duh elqglqj/ lq idfw wkh| suhyhqw wkh frxqwu|

iurp ehfrplqj dfwlyh rq wkh vhfxulw| pdunhwv/ ehfdxvh lw zrxog zdqw wr vhoo

vhfxulw| k dqg ex| vhfxulw| q�

Uhjxodwlrq sxqlvkhv frxqwulhv zkr gr qrw �whoo wkh wuxwk� lq wkh vhqvh wkdw

wkhlu dedwhphqw ehkdylrxu grhv qrw fruuhvsrqg wr wkhlu wuxh w|sh/ zkloh lw

grhv qrw d�hfw �wuxwk0whoolqj� frxqwulhv dw doo1 Wkhuhiruh/ rqo| frxqwulhv zkr

fkrvh wkh �w|sh0frqvlvwhqw� dfwlrq6< lq wkh �uvw shulrg fdq sur�w iurp vhfxulw|

wudglqj1 Lq sduwlfxodu/ iuhh ulghuv duh h{foxghg iurp wudgh lq vhfxulwlhv173

Zkhwkhu vxfk d uhjxodwlrq vfkhph lv d ihdvleoh srolf| lqvwuxphqw lv txhv0

wlrqdeoh vlqfh lwv hqirufhphqw zrxog eh yhu| gl!fxow1 Lw lv vwxglhg khuh eh0

fdxvh lw uhsuhvhqwv wkh lqwxlwlrq xqghuo|lqj wkh LSFF fodlp yhu| zhoo1 Qrwh

wkdw lq wkh LSFF Vhfrqg Dvvhvvphqw Uhsruw wkh dxwkruv/ Duurz hw

do1 ^4<<9`/ duh ohvv h{solflw derxw wkh qdwxuh ri wkh olqn ehwzhhq dedwhphqw

ghflvlrqv dqg wudgh lq folpdwh vhfxulwlhv zklfk pd| dovr eh ri dq lqirupdo

6:Qdwxudoo|/ lw kdv wr eh nqrzq ehiruhkdqg wkdw lqfrqvlvwhqw ehkdylrxu zloo eh vxemhfw
wr vxfk sxqlvkphqwv lq rughu wr ghwhu frxqwulhv iurp ehkdylqj lqfrqvlvwhqwo|1

6;Fi1 Vhfwlrq 814161
6<Fi1 Vhfwlrq 814161 Wkh �w|sh0frqvlvwhqw� dfwlrq lv O iru w|sh D dqg K iru w|sh E1
73Qrwh/ krzhyhu/ wkdw w|sh D frxqwulhv zklfk fkrvh K duh dovr h{foxghg iurp vhfxulw|

wudglqj1 Dq dowhuqdwlyh uhjxodwlrq vfkhph zklfk rqo| uhvwulfwv w|sh E frxqwulhv lv glvfxvvhg
lq Vhfwlrq 818151
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qdwxuh1 Wkhuhiruh lw pd| eh pruh dghtxdwh wr lqwhusuhw wkh irupdo uhjxodwlrq

vfkhph xvhg lq wklv vhfwlrq dv uhsuhvhqwlqj dq lqirupdo nlqg ri olqn ehwzhhq

dedwhphqw dqg sruwirolr ghflvlrqv1 Lq sduwlfxodu/ lw pd| eh lqwhusuhwhg dv dq

dssur{lpdwlrq ri d nlqg ri lvvxh olqndjh1

Vlqfh ihdvlelolw| ri vxfk uhjxodwlrq lv xqolnho|/ wkh vfhqdulr zlwk uhjxod0

wlrq vkrxog udwkhu eh frqvlghuhg dv d vhfrqg ehqfkpdun ehvlghv wkh vfhqdulr

zlwkrxw vhfxulwlhv udwkhu wkdq d srwhqwldo srolf| rswlrq1

81715 Wkh Ed|hvldq Jdph zlwk uhjxodwhg vhfxulwlhv

Iru wkh Ed|hvldq Jdph zlwk uhjxodwhg vhfxulw| pdunhwv wkh xwlolw| ixqf0

wlrqv gh�qhg lq +8157, iru wkh fdvh zlwkrxw uhjxodwlrq kdyh wr eh prgl�hg

dssursuldwho|1 Wkh gl�huhqfh lv wkdw/ zlwk uhjxodwlrq/ frxqwulhv h{klelwlqj

lqfrqvlvwhqw ehkdylrxu uhfhlyh qr jdlqv iurp wudgh vlqfh wkh| duh h{foxghg

iurp wudgh lq folpdwh vhfxulwlhv1

Iru d jlyhq w|sh sur�oh w dqg vwudwhjlhv @ ' E@�E����'�c���c? gh�qh

L�Ewc @� G' ��m w� ' w� dqg @�Ew�� ' M
�

dqg L�Ewc @� G' ��m w� ' w� dqg @�Ew�� ' u
�

dv wkh vhwv ri frxqwulhv ri hdfk w|sh ehkdylqj lqfrqvlvwhqwo|1 Wkh vhw ri doo

frxqwulhv ehkdylqj lqfrqvlvwhqwo| lv wkhlu xqlrq

LEwc @� G' L�Ewc @� ^ L�Ewc @��

Wkh vhw ri frxqwulhv srwhqwldoo| sduwlflsdwlqj lq vhfxulw| wudglqj/ l1h1 h{klelw0

lqj frqvlvwhqw ehkdylrxu/ lv74

Q-Ewc @� G' i�c ���c ?j q LEwc @�

zkhuh �-� vwdqgv iru �Uhjxodwlrq�1 Zulwh ?-Ewc @� G' rEQ-Ewc @�� iru wkh

qxpehu ri frxqwulhv srwhqwldoo| sduwlflsdwlqj lq wudgh dowrjhwkhu dqg

?-fEwc @� G' ri� 5 Q-Ewc @�mw� ' wfj f ' �c�

74Gxh wr uhjxodwlrq doo frxqwulhv lq L+�> d, fdqqrw wudqvdfw wkhlu ghvluhg wudghv dqg zloo
uhpdlq lqdfwlyh rq vhfxulw| pdunhwv1
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iru wkh qxpehu ri w|sh f frxqwulhv zlwklq wkh vhw Q-Ewc @�1 Iru euhylw| ri

qrwdwlrq/ wkh dujxphqwv Ewc @� duh riwhq rplwwhg ehorz1

Iru frxqwulhv � 5 Q-Ewc @� wkh htxloleulxp jdlqv iurp wudgh lq folpdwh

vhfxulwlhv vxemhfw wr uhjxodwlrq duh gh�qhg lq dqdorj| wr +8156, dv

}-Ew�c ?
-
�c ?

-
�( �@�

G' w��E7/
k n rkWEw�c ?

-
�c ?

-
�( �@�� n E�� w���

�
/qE�@� n rqWEw�c ?

-
�c ?

-
�( �@�

�
� �w��E7/k� n E�� w���E/

qE�@�
�
� +8166,

Vlqfh sduwlflsdwlrq lq wudgh lq folpdwh vhfxulwlhv lv yroxqwdu|/ }-Ew�c ?-�c ?
-
�( �@�

lv dozd|v qrq0qhjdwlyh1 Wkh xwlolw| ixqfwlrq iru frxqwu| � zlwk uhjxodwhg

vhfxulw| pdunhwv fdq eh zulwwhq75

L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� '

;AAAAAA?
AAAAAA=

�SE@�Ew��� n E�� w��K
@Kr
�@�n�@3�

c li � 5 LEwc @�
�SE@�Ew��� n E�� w��K

@Kr
�@�n�@3�

c

li � 5 Q-Ewc @� dqg ?-�Ewc @� ' fc ?-Ewc @�

�SE@�Ew��� n E�� w��K
@Kr
�@�n�@3�

n }-Ew�c ?
-
�c ?

-
�( �@�c

li � 5 Q-Ewc @� dqg f 	 ?-�Ewc @� 	 ?-Ewc @�

�

+8167,

Olnh wkh xwlolw| ixqfwlrq zlwk xquhjxodwhg vhfxulwlhv lq +8157, wkh xwlolw| ixqf0

wlrq zlwk uhjxodwhg vhfxulwlhv fdq eh ghulyhg iurp wkh edvlf xwlolw| ixqfwlrq lq

+814<, e| dgglqj jdlqv iurp wudgh h{suhvvlrqv li wudgh wdnhv sodfh1 Zlwk uhj0

xodwlrq/ wudgh zloo rqo| rffxu li wkhuh duh frxqwulhv ri erwk w|shv dprqj wkh

frxqwulhv srwhqwldoo| sduwlflsdwlqj lq vhfxulw| wudglqj/ l1h1 li f 	 ?-�Ewc @� 	

?-Ewc @� krogv1

Dv douhdg| hpskdvl}hg lq Vhfwlrq 81614 wkh dgglwlyh vwuxfwxuh ri wkh xwlo0

lw| ixqfwlrq grhv qrw lpso| wkdw frxqwulhv zloo jhqhudoo| eh ehwwhu r� zlwk

uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv wkdq zlwk xquhjxodwhg pdunhwv ru

zlwkrxw vhfxulwlhv vlqfh wkh htxloleulxp ydoxh ri �@ zloo qrw eh wkh vdph iru

wkh gl�huhqw vfhqdulrv1

81716 Ed|hvldq Htxloleuld

Wklv vhfwlrq fkdudfwhul}hv wkh Ed|hvldq htxloleuld ri wkh Ed|hvldq Jdph lq0

gxfhg e| wkh xwlolw| ixqfwlrqv lq +8167,1 Qrwh wkdw gxh wr uhjxodwlrq wudgh
75Wkh vdph qrupdol}dwlrqv dv lq Vhfwlrqv 815 dqg 816 kdyh ehhq dssolhg1
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lq folpdwh vhfxulwlhv wdnhv sodfh iru ihzhu frqvwhoodwlrqv ri w|sh sur�ohv dqg

vwudwhjlhv wkdq lq wkh devhqfh ri uhjxodwlrq1 Frqvhtxhqwo|/ wkh h{suhvvlrqv

uhsuhvhqwlqj wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv duh ohvv frpsol0

fdwhg wkdq lq wkh devhqfh ri uhjxodwlrq1

Lq wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @� rqo| wkh lqhtxdolw|

iru w|sh E frqwdlqv dq h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyh vwhpplqj

iurp wudgh lq folpdwh vhfxulwlhv/

o��?�ER� G'
?3�[
&'�

R&}
-Ew�c &c �( ���

Lw uhsuhvhqwv w|sh E*v h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyh jlyhq wkdw doo

rwkhu frxqwulhv vwlfn wr vwudwhj| sur�oh @�c l1h1 w|sh E*v dgglwlrqdo lqfhqwlyh

iru xqlodwhudo dedwhphqw176

Wkh h{suhvvlrqv

o�SJ?ER� G'
?32[
&'f

R&}
-Ew�c & n �c ?� & � �(?� & � ��

dqg o�SJ?ER� G'
?3�[
&'�

R&}
-Ew�c &c ?� &(?� &�

duh wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv iru w|sh D dqg E/ dvvxplqj

wkdw doo rwkhu frxqwulhv iroorz wkh frqvlvwhqw vwudwhj| sur�oh @2�

Lq frqwudvw wr wkh fdvh ri xquhjxodwhg vhfxulw| pdunhwv wkh dgglwlrqdo

dedwhphqw lqfhqwlyhv frqwdlq qr gl�huhqfhv ri jdlqv iurp wudgh h{suhvvlrqv1

Wkh uhdvrq lv wkdw hdfk ri wkh htxloleulxp frqglwlrqv frpsduhv xwlolw| ghulyhg

iurp d fhuwdlq vwudwhj| zlwk wkh xwlolw| wkdw frxog eh dfklhyhg zkhq ghyldwlqj

iurp wkdw vwudwhj|1 Vlqfh rqo| hlwkhu wkh vwudwhj| lwvhoi ru wkh ghyldwlrq fdq

eh frqvlvwhqw iru d jlyhq w|sh/ jdlqv iurp wudgh rqo| dulvh rq rqh vlgh ri wkh

htxloleulxp frqglwlrq1

Lq frqwudvw wr wkh fdvh zlwkrxw uhjxodwlrq/ wkh h{suhvvlrqv o��?�ER�/ o
�
SJ?ER�

dqg o�SJ?ER� frqwdlq qr gl�huhqfhv ri jdlqv iurp wudgh h{suhvvlrqv1 Wkh|

duh dozd|v odujhu wkdq }hur vr wkdw wkhuh lv qr dpeljxlw| derxw wkhlu vljq1

Sursrvlwlrq 9 jlyhv wkh htxloleulxp frqglwlrqv iru wkh Ed|hvldq Jdph zlwk

uhjxodwhg vhfxulw| pdunhwv1
76Qrwh wkdw w|sh E fdq rqo| sur�w iurp wudglqj e| ghyldwlqj iurp vwudwhj| sur�oh d4=
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Sursrvlwlrq 9

d, Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��K� � S +8168,

dqg E�� w��K� n o��?�ER� � S +8169,

krog1

e, Vwudwhj| sur�oh @2 lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��
?3�[
&'f

R&K?3& � Sn o�SJ?ER� +816:,

dqg E�� w��
?3�[
&'f

R&K?3& � S� o�SJ?ER�� +816;,

f, Vwudwhj| sur�ohv @� dqg @e fdqqrw eh Ed|hvldq htxloleuld iru dq| sulru

R1

Wkh surri lv jlyhq lq Dsshqgl{ E1 Qrwh wkdw iru vwudwhj| sur�oh @� wkh

htxloleulxp frqglwlrq iru w|sh D/ +8168,/ lv lghqwlfdo wr wkh fruuhvsrqglqj

htxloleulxp frqglwlrq zlwkrxw vhfxulwlhv/ E� � w��K� � S1 Wkh lqwxlwlrq lv

wkh iroorzlqj1 Iru w|sh D frxqwulhv @� lv d frqvlvwhqw vwudwhj|/ zkhuhdv w|sh

E frxqwulhv duh h{foxghg iurp wudgh lq folpdwh vhfxulwlhv li wkh| iroorz @�1

Wkhuhiruh d w|sh D frxqwu| zloo kdyh qr +w|sh E, wudglqj sduwqhu li lw iroorzv

vwudwhj| @�/ dqg wkhuh zloo eh qr jdlqv iurp wudgh1 Li/ krzhyhu/ w|sh D

ghyldwhv iurp @� lw lv lwvhoi h{foxghg iurp wudglqj1 Wkhuhiruh/ w|sh D qhyhu

ehqh�wv iurp vhfxulw| wudglqj/ jlyhq wkdw wkh rwkhu frxqwulhv iroorz vwudwhj|

@��

Wkh htxloleulxp frqglwlrq iru w|sh E/ lqhtxdolw| +8169,/ lv h{sodlqhg dv

iroorzv1 Li w|sh E iroorzv vwudwhj| @�c kh lv qrw doorzhg wr wudgh1 Krzhyhu/

ghyldwlqj iurp u wr M kh pd| wudgh/ jlylqj ulvh wr wkh h{suhvvlrq o��?�ER��

Lqhtxdolwlhv +816:, dqg +816;, iru vwudwhj| sur�oh @2 duh h{sodlqhg vlpl0

oduo|1 Hlwkhu vwlfnlqj wr @2 ru ghyldwlqj iurp @2 uhsuhvhqwv lqfrqvlvwhqw eh0

kdylrxu iru hdfk ri wkh w|shv vr wkdw jdlqv iurp wudgh hphujh rqo| iru h{dfwo|

rqh ri wkh wzr vlwxdwlrqv frpsduhg lq wkh htxloleulxp frqglwlrqv1
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Vlqfh wkh vljqv ri wkh dgglwlrqdo dedwhphqw lqfhqwlyhv duh srvlwlyh/ wkh

h�hfwv ri uhjxodwhg vhfxulw| pdunhwv duh pruh vwudljkwiruzdug wkdq wkrvh iru

xquhjxodwhg vhfxulw| pdunhwv1 Wkh| duh dqdo|vhg lq ghwdlo lq wkh iroorzlqj

vhfwlrq1

81717 Wkh h�hfw ri vhfxulw| pdunhwv rq wkh htxloleulxp
frqglwlrqv

Wkh fuxfldo frqglwlrq iru vwudwhj| sur�oh @� lv +8169, vlqfh lqhtxdolw| +8168, lv

vdwlv�hg lqghshqghqwo| ri wkh sulru R e| dvvxpswlrq +819,1 Lqhtxdolw| +8169,

lv pruh elqglqj wkdq wkh fruuhvsrqglqj lqhtxdolw| +8153, lq wkh devhqfh ri

vhfxulwlhv gxh wr o��?�ER� ehlqj odujhu wkdq }hur1 Krzhyhu/ li wkh h{shfwhg

dgglwlrqdo dedwhphqw lqfhqwlyh o��?�ER� lv vpdoo/ l1h1 li

o��?�ER� � S� E�� w��K� +816<,

krogv/ lqhtxdolw| +8169, lv vdwlv�hg iru doo sulruv R/ dqg vwudwhj| sur�oh @�

lv dq htxloleulxp iru doo sulruv R/ olnh lq wkh devhqfh ri vhfxulwlhv1 Li wkh

h{shfwhg jdlqv iurp wudgh o��?�ER� duh odujh hqrxjk wr pdnh xqlodwhudo dedwh0

phqw zruwkzkloh iru w|sh �/ l1h1 +816<, grhv qrw krog/ vwudwhj| sur�oh @� lv

dq htxloleulxp iru wkrvh sulruv vdwlvi|lqj +8169,1 Wkhuhiruh/ li wkh jdlqv iurp

wudgh h{suhvvlrq o��?�ER� lv odujh hqrxjk/ vwudwhj| sur�oh @
� lv dq htxloleulxp

iru d vpdoohu vhw ri hfrqrplhv zlwk uhjxodwhg vhfxulw| pdunhwv wkdq lq wkh

devhqfh ri vhfxulwlhv1

Frqfhuqlqj wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @2/ lqhtxdolwlhv

+816:, dqg +816;, duh erwk uhod{hg e| wkh dgglwlrqdo dedwhphqw lqfhqwlyhv

o�SJ?ER� dqg o�SJ?ER�� Wkhuhiruh/ ghshqglqj rq wkh vl}h ri o�SJ?ER� dqg o�SJ?ER�/

vwudwhj| sur�oh @2 fdq eh dq htxloleulxp iru d odujhu vhw ri hfrqrplhv1 Wkh

htxloleulxp uhjlrqv zlwk uhvshfw wr wkh sulru R duh dqdo|vhg lq pruh ghwdlo

iru wkh fdvh ri wzr frxqwulhv lq Vhfwlrq 914 ehorz1

81718 Wkh h�hfw ri vhfxulw| pdunhwv rq djjuhjdwh dedwh0
phqw

Lq sulqflsoh/ d odujh sduw ri wkh dqdo|vlv lq Vhfwlrq 81617 dssolhv htxdoo|

wr wkh fdvh ri uhjxodwhg vhfxulw| pdunhwv1 Djdlq/ wkh htxloleulxp ohyho ri
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djjuhjdwh dedwhphqw zloo qrw eh d�hfwhg e| vhfxulw| pdunhwv li wkh vdph

htxloleulxp uhljqv erwk zlwkrxw dqg zlwk uhjxodwhg vhfxulw| pdunhwv1 Li/

krzhyhu/ gl�huhqw htxloleuld duh sod|hg lq wkh devhqfh ri vhfxulwlhv dqg zlwk

uhjxodwhg vhfxulwlhv/ wkh ohyho ri djjuhjdwh dedwhphqw lv d�hfwhg lq wkh vdph

zd| dv ghvfulehg lq Vhfwlrq 816171 Wkh pdlq gl�huhqfh lv wkdw zlwk uhjxodwlrq

wkhuh duh rqo| wzr srvvleoh htxloleulxp vwudwhj| sur�ohv/ @� dqg @2c dqg

wkhuhiruh ohvv srvvlelolwlhv iru d vzlwfk iurp rqh htxloleulxp wr dqrwkhu zkhq

vhfxulwlhv duh lqwurgxfhg1

Frqvlghu �uvw wkh fdvh wkdw @� lv wkh htxloleulxp sod|hg lq wkh devhqfh

ri vhfxulw| pdunhwv1 D vzlwfk iurp htxloleulxp vwudwhj| sur�oh @� lq wkh

devhqfh ri vhfxulw| pdunhwv wr vwudwhj| sur�oh @2 zlwk uhjxodwlrq ri vhfxulw|

pdunhwv ohdgv wr dq lqfuhdvh lq djjuhjdwh dedwhphqw iurp �@ ' f wr �@ ' ?�Ew�

iru doo w|sh sur�ohv w zlwk dw ohdvw rqh w|sh E frxqwu|1 Lq frqwudvw/ li @2 lv

wkh htxloleulxp zlwkrxw vhfxulwlhv d vzlwfk wr @� zlwk uhjxodwhg vhfxulwlhv

ghfuhdvhv djjuhjdwh dedwhphqw xqohvv wkhuh lv qr w|sh E frxqwu|1

Wkh frqfoxvlrqv duh vlplodu wr wkrvh lq Vhfwlrq 816171 Lq sduwlfxodu/ djjuh0

jdwh dedwhphqw lv qrw qhfhvvdulo| kljkhu xqghu d uhjlph ri uhjxodwhg pdunhwv

iru folpdwh vhfxulwlhv wkdq lq wkh devhqfh ri vhfxulw| pdunhwv1

818 Yduldwlrqv ri wkh edvlf prgho

81814 Grplqdqw vwudwhj| htxloleulxp lq wkh devhqfh ri
vhfxulw| pdunhwv

Wklv vhfwlrq vxppdul}hv wkh uhvxowv wkdw zrxog hphujh zlwkrxw dvvxpswlrq

+81:,/ l1h1 zkhq u lv d grplqdqw vwudwhj| iru w|sh E/ dqg vkrzv wkdw wkh qdwxuh

ri wkh uhvxowv grhv qrw fkdqjh vxevwdqwldoo| li wkdw dvvxpswlrq lv gursshg1

Uhfdoo wkdw u lv d grplqdqw vwudwhj| dq|zd| iru w|sh D e| dvvxpswlrq

+818,1 Wkhuhiruh/ lq wkh devhqfh ri vhfxulw| pdunhwv vwudwhj| sur�oh @� lv dq

htxloleulxp lq grplqdqw vwudwhjlhv iru doo sulruv R1 Pruhryhu/ vwudwhj| sur�oh

@� lv wkh rqo| Ed|hvldq htxloleulxp77 vr wkdw/ lq frqwudvw wr wkh dqdo|vlv lq

Vhfwlrq 81515/ wkhuh fdq eh qr pxowlsolflw| ri htxloleuld1

77Dvvxpswlrq +81:, fdq eh vkrzq wr eh d qhfhvvdu| frqglwlrq lq rughu iru vwudwhj| sur�oh
d5 wr eh dq htxloleulxp1
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Zlwk xquhjxodwhg vhfxulw| pdunhwv/ lq sulqflsoh/ doo vwudwhj| sur�ohv fdq

eh htxloleuld178 Wkh rqo| qrwhzruwk| lpsolfdwlrq ri dedqgrqlqj dvvxpswlrq

+81:, lv wkdw d qhfhvvdu| frqglwlrq iru vwudwhj| sur�oh @2 wr eh dq htxloleulxp79

lv }�SJ?ER� : f�

Zlwk uhjxodwhg vhfxulw| pdunhwv dedqgrqlqj dvvxpswlrq +81:, grhv qrw

kdyh dq| wdqjleoh lpsolfdwlrqv rq wkh uhvxowv lq Sursrvlwlrq 9 deryh1

Dowrjhwkhu/ wkh uhvxowv gr qrw fkdqjh vxevwdqwldoo| zkhq dvvxpswlrq +81:,

lv dedqgrqhg1 Wkh pdlq gl�huhqfh olhv lq wkh vfhqdulr zlwkrxw vhfxulw| pdu0

nhwv zkhuh dvvxpswlrq +81:, surgxfhv d vhfrqg htxloleulxp vwudwhj| sur�oh

lq dgglwlrq wr @�1 Wkhuhiruh wkh uhihuhqfh vlwxdwlrq lv ghwhuplqhg e| dv0

vxpswlrq +81:, wr d uhodwlyho| odujh h{whqw1 Krzhyhu/ wkh h�hfwv surgxfhg e|

vhfxulw| pdunhwv/ hlwkhu zlwk ru zlwkrxw uhjxodwlrq/ uhodwlyh wr wkdw uhihuhqfh

vlwxdwlrq duh qrw fkdqjhg vxevwdqwldoo| e| dvvxpswlrq +81:,1

81815 Dq dowhuqdwlyh uhjxodwlrq vfkhph

Wklv vhfwlrq frqvlghuv dq dowhuqdwlyh uhjxodwlrq vfkhph wr wkdw xvhg lq Vhf0

wlrq 817 deryh1 Uhfdoo wkdw lq Vhfwlrq 817 uhjxodwlrq zdv wdqwdprxqw wr

wkh suhyhqwlrq ri lqfrqvlvwhqflhv ehwzhhq dedwhphqw ehkdylrxu/ rq wkh rqh

kdqg/ dqg vhfxulw| wudglqj ehkdylrxu/ rq wkh rwkhu kdqg17: Wkxv/ iuhh ulghuv/

l1h1 w|sh E frxqwulhv zklfk glg qrw dedwh lq wkh �uvw shulrg/ zhuh h{foxghg

iurp wudgh lq folpdwh vhfxulwlhv lq wkh vhfrqg shulrg1 Krzhyhu/ w|sh D frxq0

wulhv zklfk kdg dedwhg lq wkh �uvw shulrg zhuh dovr h{foxghg iurp wudgh lq

folpdwh vhfxulwlhv/ l1h1 wkh| zhuh sxqlvkhg iru dedwlqj wrr pxfk1

Wklv surshuw| ri wkh uhjxodwlrq vfkhph dssolhg lq Vhfwlrq 817 pd| eh

frqwuryhuvldo iru wkh iroorzlqj uhdvrq1 Dw suhvhqw/ lq wkh frqwh{w ri folpdwh

fkdqjh wkhuh lv qr gdqjhu ri wkh dedwhphqw h�ruw ehlqj wrr kljk1 Wr wkh

frqwudu|/ vflhqwlvwv zduq wkdw wkh wdujhwv ri wkh N|rwr surfhvv duh e| idu wrr

orz1 Wkxv/ suhyhqwlqj frxqwulhv iurp dedwlqj �wrr pxfk� pd| eh frqvlghuhg

wkh zurqj dssurdfk1 Wkhuhiruh/ dq dowhuqdwlyh uhjxodwlrq vfkhph zklfk rqo|

78Wklv fdq eh vhhq e| fkhfnlqj wkh lpsolfdwlrqv ri dedqgrqlqj dvvxpswlrq +81:, lq wkh
htxloleulxp frqglwlrqv iru xquhjxodwhg vhfxulw| pdunhwv jlyhq lq Sursrvlwlrq 8 deryh1

79Qrwh/ krzhyhu/ wkdw dffruglqj wr wkh dqdo|vlv lq Fkdswhu 9 ehorz jEfrq+s, lv riwhq
vpdoohu wkdq }hur1 Lq wkdw fdvh vwudwhj| sur�oh d5 zrxog eh uxohg rxw dv dq htxloleulxp1

7:Fi1 Vhfwlrq 817141
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uhvwulfwv iuhh ulghuv/ l1h1 w|sh E frxqwulhv ehkdylqj lqfrqvlvwhqwo|/ lq wkhlu

wudglqj dfwlylwlhv lv qrz vwxglhg1 W|sh D frxqwulhv duh qrw uhvwulfwhg e| wkh

uhjxodwlrq1

Irupdoo|/ li w|sh D frxqwulhv duh qrw vxemhfw wr uhjxodwlrq/ zh kdyh

?-�Ewc @� ' ?�Ewc @� iru doo w|sh sur�ohv w dqg iru doo vwudwhj| sur�ohv @�

Zlwk wklv prgl�fdwlrq wkh xwlolw| ixqfwlrqv gh�qhg lq +8167, vwloo dsso|1

Ed|hvldq Htxloleuld

Wkh htxloleulxp frqglwlrqv iru wkh irxu vwudwhj| sur�ohv fdq eh fdofxodwhg

lq wkh vdph zd| dv lq Vhfwlrq 8171 Qrwh wkdw wklv dowhuqdwlyh uhjxodwlrq

vfkhph lv ohvv vwulqjhqw wkdq wkh uhjxodwlrq vfkhph vwxglhg lq Vhfwlrq 8171

Lq sduwlfxodu/ wkh dowhuqdwlyh uhjxodwlrq vfkhph lv d frpelqdwlrq ri wkh wzr

gl�huhqw vfhqdulrv zlwk vhfxulw| pdunhwv deryh1 Iru w|sh D frxqwulhv wkh

vlwxdwlrq lv vlplodu wr wkdw zlwk xquhjxodwhg vhfxulwlhv/ zkhuhdv iru w|sh E

frxqwulhv wkh vlwxdwlrq lv vlplodu wr wkdw xqghu wkh uhjxodwlrq vfkhph lq

Vhfwlrq 817 deryh1 Wkhuhiruh lw lv qrw vxusulvlqj wkdw wzr ri wkh h{suhvvlrqv lq

wkh htxloleulxp frqglwlrqv vwhpplqj iurp wudgh lq folpdwh vhfxulwlhv/ }�SJ?ER�

dqg }��J�?ER�c ruljlqdwh lq wkh iudphzrun zlwkrxw uhjxodwlrq lq Vhfwlrq 816 dqg

wzr ri wkhvh h{suhvvlrqv/ o��?�ER� dqg o�SJ?ER�c ruljlqdwh iurp wkh uhjxodwlrq

iudphzrun lq Vhfwlrq 8171

Wkh htxloleulxp frqglwlrqv xqghu wkh dowhuqdwlyh uhjxodwlrq vfkhph duh

jlyhq lq Sursrvlwlrq :1

Sursrvlwlrq :
d, Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��K� � S +8173,

dqg E�� w��K� n o��?�ER� � S +8174,

krog1

e, Vwudwhj| sur�oh @2 lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��
?3�[
&'f

R&K?3& n }�SJ?ER� � S +8175,

dqg E�� w��
?3�[
&'f

R&K?3& n o�SJ?ER� � S� +8176,
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f, Vwudwhj| sur�oh @� lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

E�� w��K? n }��J�?ER� � S +8177,

dqg E�� w��K? n o��J�?ER� � S +8178,

zkhuh o��J�?ER� G'
S?3�

&'� R&}
-Ew�c &c ?� &(?��

g, Vwudwhj| sur�oh @e fdqqrw eh d Ed|hvldq htxloleulxp1

Wkh surri lv jlyhq lq Dsshqgl{ E1 Frpsdulvrq zlwk Sursrvlwlrq 9 vkrzv

wkdw wkh htxloleulxp frqglwlrqv dqg htxloleulxp uhjlrqv iru vwudwhj| sur�oh

@� duh qrw dw doo d�hfwhg e| wkh fkrlfh ri uhjxodwlrq vfkhph17; Iru vwudwhj|

sur�oh @2 wkhuh lv rqo| d plqru fkdqjh lq rqh ri wkh htxloleulxp frqglwlrqv17<

Wkh pdlq lpsdfw ri wkh prgl�fdwlrq ri wkh uhjxodwlrq vfkhph lv revhuyhg

iru vwudwhj| sur�oh @�� Qrwh wkdw qrz vwudwhj| sur�oh @� fdq/ lq sulqflsoh/

eh dq htxloleulxp zkhuhdv wklv zdv qrw wkh fdvh xqghu wkh pruh vwulqjhqw

uhjxodwlrq vfkhph183 Wklv lv wkh prvw vwulnlqj gl�huhqfh wr wkh rwkhu nlqg ri

uhjxodwlrq1 Exw vwudwhj| sur�oh @� fdqqrw eh dq htxloleulxp li }��J�?ER� 	 f

krogv/84 vlqfh wkhq zh kdyh

E�� w��K? n }��J�?ER� 	 E�� w��K?
ED�S�

� S

zklfk frqwudglfwv +8177,1 Lq wkdw fdvh wkh prvw vwulnlqj gl�huhqfh ehwzhhq

wkh uhvxowv ri wkh wzr gl�huhqw uhjxodwlrq vfkhphv ydqlvkhv1 Wkh rqo| gl�hu0

hqfh uhpdlqlqj lv wkhq lqhtxdolw| +8175,1

Krzhyhu/ li wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv duh vpdoohu wkdq

}hur dv vxjjhvwhg e| wkh h{dpsohv lq Fkdswhu 9 ehorz/ wkh pdlq gl�huhqfh

7;Wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh d4> +8173, dqg +8174,/ duh lghqwlfdo wr
+8168, dqg +8169, lq Sursrvlwlrq 91

7<Wkh htxloleulxp frqglwlrq iru w|sh D/ +8175,/ lv lghqwlfdo wr wkdw iru vhfxulw| pdunhwv
zlwkrxw uhjxodwlrq/ +815;,/ zkhuhdv wkh frqglwlrq iru w|sh E/ +8176,/ lv wkh vdph dv zlwk
wkh pruh vwulqjhqw nlqg ri uhjxodwlrq/ +816;,1

83Wkh htxloleulxp frqglwlrq iru w|sh D/ +8177,/ lv djdlq lghqwlfdo wr wkdw iru xquhjxodwhg
vhfxulwlhv lq +8163,1 Lqhtxdolw| +8178, lv wkh rqo| htxloleulxp frqglwlrq wkdw kdv qrw |hw
dsshduhg lq Vhfwlrq 817 deryh1

84Uhfdoo wkdw wkh vljqv ri wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv jDfrq+s, dqg
jDmrlq+s, duh/ lq sulqflsoh/ dpeljxrxv1 Krzhyhu/ wkh hylghqfh iurp wkh h{dpsohv lq Vhfwlrq
ehorz vxjjhvwv wkdw jDmrlq+s, zloo riwhq eh vpdoohu wkdq }hur1
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frqfhuqlqj vwudwhj| sur�oh @� ydqlvkhv1 Lq sduwlfxodu/ vwxg|lqj wkh fdvh ri

wzr frxqwulhv doo wkh gl�huhqfhv phqwlrqhg deryh ydqlvk iru qhjdwlyh h{shfwhg

dgglwlrqdo dedwhphqw lqfhqwlyhv/ l1h1 erwk w|shv ri uhjxodwlrq ohdg wr h{dfwo|

wkh vdph uhvxowv frqfhuqlqj wkh htxloleulxp uhjlrqv iru wkh gl�huhqw vwudwhj|

sur�ohv1 Wkhuhiruh/ wkh fkrlfh ri wkh uhjxodwlrq vfkhph lv qrw ghflvlyh iru wkh

uhvxowv1

819 Vxppdu|

Wklv fkdswhu lqwurgxfhg d iudphzrun iru wkh irupdo dqdo|vlv ri wkh LSFF

fodlp wkdw lqvxudqfh lqvwuxphqwv/ uhsuhvhqwhg e| folpdwh vhfxulwlhv/ frxog

uhgxfh iuhh ulglqj zlwk uhvshfw wr dedwhphqw ri juhhqkrxvh jdvhv1 Wkh irfxv

ri wkh wkuhh0shulrg vwdwlf85 prgho lqwurgxfhg lv rq lqfrpsohwh lqirupdwlrq

zlwk uhvshfw wr frxqwulhv* dvvhvvphqwv ri folpdwh ulvn1

Frxqwulhv �uvw ghflgh rq wkhlu dedwhphqw vwudwhj| dqg wkhq wudgh lq fol0

pdwh vhfxulwlhv li vxfk lqvwuxphqwv duh dydlodeoh1 Gxh wr lqfrpsohwh lqiru0

pdwlrq wkh vhwxs ohdgv wr d Ed|hvldq Jdph lq dedwhphqw vwudwhjlhv1 Wkuhh

gl�huhqw vfhqdulrv zhuh vwxglhg/ d ehqfkpdun vfhqdulr zlwkrxw folpdwh vhfx0

ulwlhv/ dv zhoo dv wzr yduldwlrqv ri wkh edvlf vhwxs zlwk pdunhwv iru folpdwh

vhfxulwlhv/ rqh zlwkrxw dqg rqh zlwk uhjxodwru| lqwhuyhqwlrq1 Iru wkh wzr

vfhqdulrv zlwk folpdwh vhfxulwlhv wkh rxwfrph ri wudglqj lq folpdwh vhfxulwlhv/

vhfxulw| pdunhw htxloleulxp/ lv dqwlflsdwhg zlwklq wkh Ed|hvldq jdph1

D odujh sduw ri wklv fkdswhu zdv frqfhuqhg zlwk wkh dqdo|vlv ri wkh

Ed|hvldq htxloleuld ri wkrvh wkuhh Ed|hvldq jdphv1 Lw wxuqhg rxw wkdw wzr ri

wkh irxu srwhqwldo htxloleulxp vwudwhj| sur�ohv fdq eh htxloleuld iru doo wkuhh

vfhqdulrv/ wkh �qhyhu dedwh� vwudwhj| sur�oh @� dqg wkh �w|sh0frqvlvwhqw�

vwudwhj| sur�oh @2� Zlwk uhvshfw wr wkhlu h!flhqf| surshuwlhv lw zdv vkrzq

wkdw vwudwhj| sur�oh @2 h{ dqwh0 dqg lqwhulp grplqdwhv vwudwhj| sur�oh @�

zkhqhyhu @2 lv dq htxloleulxp1 Lq rwkhu zrugv/ vwudwhj| sur�oh @2 lv suhihuuhg

wr vwudwhj| sur�oh @�1

Wkh ghwhuplqlqj idfwruv iru wkh h�hfw ri folpdwh vhfxulwlhv rq dedwhphqw

dfwlylw| duh wkh vr0fdoohg h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv jhqhudwhg

85Wkh prgho lv �vwdwlf� ehfdxvh hdfk nlqg ri ghflvlrq lv wdnhq rqo| rqfh1
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e| vhfxulw| pdunhwv1 Lq wkh devhqfh ri uhjxodwlrq/ wkh vljqv ri wkh h{shfwhg

dgglwlrqdo dedwhphqw lqfhqwlyhv dqg/ frqvhtxhqwo|/ dovr wkh h�hfw ri wudgh lq

folpdwh vhfxulwlhv duh dpeljxrxv1

Li/ krzhyhu/ vhfxulw| pdunhwv duh uhjxodwhg lq vxfk d pdqqhu wkdw frxq0

wulhv fdq rqo| wudqvdfw vhfxulw| wudghv frqvlvwhqw zlwk wkhlu dedwhphqw dfwly0

lw|/ wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv duh dozd|v odujhu wkdq }hur1

Lq sduwlfxodu/ wkh htxloleulxp frqglwlrqv iru wkh suhihuuhg vwudwhj| sur�oh @2

duh uhod{hg/ zkhuhdv wkrvh iru wkh ohvv suhihuuhg vwudwhj| sur�oh @� duh wljkw0

hqhg1 Wkhuhiruh/ xqghu uhjxodwlrq wkh suhihuuhg vwudwhj| sur�oh @2 zloo eh dq

htxloleulxp iru d odujhu vhw ri hfrqrplhv/ zkhuhdv wkh ohvv suhihuuhg vwudwhj|

sur�oh @� zloo eh dq htxloleulxp iru d vpdoohu vhw ri hfrqrplhv/ l1h1 wkhuh lv d

vkliw wrzdugv wkh suhihuuhg vwudwhj| sur�oh1

D pruh suhflvh dqdo|vlv ri wkh h�hfwv rq wkh htxloleulxp uhjlrqv/ l1h1 wkh

vhwv ri sulruv iru zklfk wkh vwudwhj| sur�ohv duh htxloleuld/ iroorzv lq Fkdswhu

914 iru wkh fdvh ri wzr frxqwulhv1 Wkh dqdo|vlv wkhuh frq�upv wkdw wkhuh lv

vxfk d vkliw zlwk uhvshfw wr wkh htxloleulxp uhjlrqv1

Pruhryhu/ wzr yduldwlrqv ri wkh edvlf prgho zlwk uhvshfw wr xqghuo|lqj

dvvxpswlrqv zhuh vwxglhg1 Iru erwk ri wkhvh yduldwlrqv lw wxuqhg rxw wkdw wkh

qdwxuh ri wkh uhvxowv grhv qrw fkdqjh ixqgdphqwdoo|/ l1h1 wkh fruuhvsrqglqj

dvvxpswlrqv wkdw zhuh ydulhg duh qrw ghflvlyh iru wkh uhvxowv1

Frqfhuqlqj wkh LSFF fodlp wkdw folpdwh vhfxulwlhv fdq uhgxfh iuhh ulglqj

lq wkh frqwh{w ri folpdwh srolf| wkh uhvxowv iru uhjxodwhg vhfxulwlhv xs wr wklv

srlqw vhhp vxssruwlyh ri wkdw fodlp1 Qrwh wkdw/ dowkrxjk zh gr qrw dfwx0

doo| revhuyh iuhh ulglqj lq htxloleulxp/ vwudwhj| sur�oh @� lv dq htxloleulxp/

ehfdxvh hdfk ri wkh frxqwulhv zdqwv wr iuhh ulgh rq wkh rwkhu frxqwulhv* dedwh0

phqw h�ruw1 Lw lv wkh srwhqwldo iuhh ulglqj ri wkh rwkhuv wkdw vwrsv frxqwulhv

iurp dedwlqj lq wkh �uvw sodfh1 Wkhuhiruh/ wkh htxloleulxp vwudwhj| sur�oh @�

fdq eh lqwhusuhwhg dv d frqvhtxhqfh ri iuhh ulglqj whqghqflhv1 Lq wklv vhqvh

wkh uhvxowv lq Fkdswhu 817 vhhp vxssruwlyh ri wkh LSFF fodlp1

Uhfdoo wkdw wkh uhvxowv lq wklv fkdswhu duh edvhg rq wzr dvvxpswlrqv wkdw

pd| eh vxemhfw wr fulwlflvp1 Iluvwo|/ wkh nlqg ri uhjxodwlrq dssolhg lv rqo|

ihdvleoh li frxqwulhv duh lghqwlfdo dsduw iurp wkh w|sh ru/ dv dq dssur{lpd0

wlrq/ yhu| vlplodu1 Li wkdw lv qrw wkh fdvh/ frxqwulhv fdqqrw eh �vhsdudwhg�

dffruglqj wr wkhlu w|shv e| phdqv ri wudgh lq folpdwh vhfxulwlhv dv lq Ohppd
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5 dqg uhjxodwlrq lv qrw dq rswlrq1 Krzhyhu wkh uhvxowv iru xquhjxodwhg vhfx0

ulw| pdunhwv duh wrr dpeljxrxv wr eh lqwhusuhwhg dv vxssruwlyh ri wkh LSFF

fodlp1 Iru khwhurjhqhrxv frxqwulhv lw lv dujxhg lq Fkdswhu :15 ehorz wkdw lw lv

yluwxdoo| lpsrvvleoh wr ghgxfh frxqwulhv* w|shv iurp wkhlu wudglqj ehkdylrxu/

dw ohdvw zlwkrxw yhu| vshfl�f dvvxpswlrqv/ vr wkdw uhjxodwlrq lv qrw srvvleoh1

Vhfrqgo|/ wkh dvvxpswlrq ri h{rjhqrxv suredelolwlhv iru folpdwh vwdwhv lv

qrw vdwlvidfwru|1 Lwv dghtxdf| ghshqgv rq wkh wlph krul}rq xqghu frqvlg0

hudwlrq1 Lq wkh vkruw uxq h{rjhqrxv suredelolwlhv pd| eh d jrrg hqrxjk

dssur{lpdwlrq/ exw lq wkh orqj uxq folpdwh vwdwh suredelolwlhv rxjkw wr eh

hqgrjhqrxv1 Iru wkh lqfrpsohwh lqirupdwlrq dssurdfk lqwurgxfhg lq wklv

fkdswhu/ folpdwh vwdwh suredelolwlhv fdq eh hqgrjhql}hg zlwkrxw fkdqjlqj

wkh pdlq uhvxowv1 Vhh Fkdswhu :14 iru wkh jhqhudol}dwlrq ri wkh dssurdfk

wr hqgrjhqrxv suredelolwlhv1 D gl�huhqw prgho/ irfxvlqj rq hqgrjhqlw| ri

suredelolwlhv/ lv dqdo|vhg lq Fkdswhu ;1
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Fkdswhu 9

Looxvwudwlrq ri wkh lqfrpsohwh
lqirupdwlrq dssurdfk iru wkh
fdvh ri wzr frxqwulhv

Lq Fkdswhu 8 wkh prgho dqg wkh jhqhudo uhvxowv iru wkh lqfrpsohwh lqirupd0

wlrq dssurdfk zhuh suhvhqwhg1 Krzhyhu/ iru wkh jhqhudo fdvh ri ? frxqwulhv

wkh fuxfldo h{suhvvlrqv/ wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv/ zhuh

wrr frpsoh{ wr doorz suhflvh frqfoxvlrqv derxw wkh h�hfw ri uhjxodwhg ru

xquhjxodwhg folpdwh vhfxulwlhv rq wkh htxloleulxp uhjlrqv1

Wkhuhiruh/ wklv fkdswhu frqvlghuv wkh vshfldo fdvh ri rqo| wzr frxqwulhv4 lq

rughu wr jlyh d pruh ghwdlohg dqdo|vlv wkdq Fkdswhu 81 Iluvw/ wkh htxloleulxp

uhjlrqv iru doo wkuhh vfhqdulrv dqdo|vhg lq Fkdswhu 8 duh ghulyhg dqg judskl0

fdoo| looxvwudwhg lq Vhfwlrq 9141 Wkhq/ wkh htxloleulxp uhjlrqv duh h{solflwho|

fdofxodwhg iru vhyhudo ixqfwlrqdo vshfl�fdwlrqv lq Vhfwlrq 9151

4Reylrxvo|/ wkh dvvxpswlrq ri frpshwlwlyh pdunhwv iru folpdwh vhfxulwlhv lv qrw frq0
ylqflqj iru wkh fdvh ri wzr frxqwulhv/ exw lq rughu wr exlog xs vrph lqwxlwlrq frqfhuqlqj
wkh xqghuo|lqj phfkdqlvpv lw lv xvhixo1

<4
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914 Wkh htxloleulxp uhjlrqv iru wkh fdvh ri
wzr frxqwulhv

91414 Qr vhfxulw| pdunhwv

Uhfdoo iurp Fkdswhu 81515 wkdw wkh htxloleulxp frqglwlrq +8153, iru vwudwhj|

sur�oh @�

E�� w��K� � S +914,

krogv iru doo sulruv R e| dvvxpswlrq +818,1 Wkhuhiruh/ wkh htxloleulxp uhjlrq

iru vwudwhj| sur�oh @� h{whqgv ryhu doo ri wkh xqlw lqwhuydo dfc �o dv ghslfwhg

lq Iljxuh 914 ehorz15

Iru wkh fdvh ri wzr frxqwulhv wkh htxloleulxp frqglwlrq iurp Sursrvlwlrq

6 iru vwudwhj| sur�oh @2c +8154,/ vlpsol�hv wr

E�� w�� dRK� n E�� R�K2o � S � E�� w�� dRK� n E�� R�K2o � +915,

Lqhtxdolw| +915, fdq eh lqwhusuhwhg dv iroorzv1 Wkh h{suhvvlrq lq eudfnhwv/

dRK� n E�� R�K2o c uhsuhvhqwv wkh h{shfwhg6 pdujlqdo ehqh�wv iurp fkrrvlqj

M wr rqh ri wkh frxqwulhv li vwdwh q hphujhv/ jlyhq wkdw wkh rwkhu frxqwu|

ehkdyhv dffruglqj wr vwudwhj| sur�oh @21 Wkh rwkhu frxqwu| lv w|sh D zlwk

suredelolw| R/ lq zklfk fdvh lw zloo fkrrvh u li lw ehkdyhv dffruglqj wr vwudwhj|

sur�oh @2c dqg w|sh E zlwk suredelolw| �� Rc lq zklfk fdvh lw zloo fkrrvh M

dffruglqj wr vwudwhj| sur�oh @2� Wkhuhiruh/ li wkh �uvw frxqwu| fkrrvhvM zlwk

suredelolw| R lw lv wkh rqo| frxqwu| dedwlqj/ l1h1 dedwlqj xqlodwhudoo|� Lq wkdw

fdvh/ pdujlqdo dedwhphqw ehqh�wv duh htxdo wr K�� Zlwk suredelolw| � � R

erwk frxqwulhv dedwh/ l1h1 wkh| dedwh mrlqwo|/7 |lhoglqj pdujlqdo dedwhphqw

ehqh�wv htxdo wr K2� Vlqfh dedwhphqw ehqh�wv rqo| dulvh li vwdwh q rffxuv/

wkh| duh zhljkwhg zlwk wkh suredelolw| E��wf� dwwulexwhg wr vwdwh q e| w|sh

f Ef ' �c���

5Wklv revhuydwlrq krogv iru jhqhudo ydoxhv ri q> qrw rqo| iru q @ 5=
6�H{shfwhg� khuh uhihuv wr wkh xqnqrzq w|sh ri wkh rwkhu frxqwu|1
7Qrwh wkdw lq wklv iudphzrun �mrlqw dedwhphqw� phuho| vwdqgv iru d vlwxdwlrq lq zklfk

erwk frxqwulhv dedwh/ exw lv qrw wkh rxwfrph ri frrshudwlrq1 Hdfk frxqwu| wdnhv lwv
ghflvlrq lqghshqghqwo| dqg li wkh uhvxow kdsshqv wr eh wkdw erwk frxqwulhv dedwh zh fdoo
lw �mrlqw dedwhphqw�1
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Zh qrz surfhhg wr ghulyh wkh htxloleulxp uhjlrq/ l1h1 wkh vhw ri sulruv R

iru zklfk wkh htxloleulxp frqglwlrq lv vdwlv�hg/ iru vwudwhj| sur�oh @2 iurp

lqhtxdolw| +915,1 Qrwh wkdw e| dvvxpswlrq +81:,

E�� w��K2 : S +916,

kdv wr krog iru ? ' 2�8 Wkh htxloleulxp uhjlrq iru @2 lv fkdudfwhul}hg lq

Fruroodu| 4
Vwudwhj| sur�oh @2 lv d Ed|hvldq htxloleulxp/ li dqg rqo| li

R � E�� w��K2 � S

E�� w��EK2 � K��
'G R2� 	 � krogv1 +917,

Surri1 Wkh ohiw lqhtxdolw| lq +915, krogv iru duelwudu| R e| dvvxpswlrqv

+818, dqg +819,1 Wkh uljkw lqhtxdolw| lv htxlydohqw wr +917, dqg/ pruhryhu/

R2� lv zhoo0gh�qhg/ vlqfh f 	 R2 	 � iroorzv iurp +818, dqg +916,1

Iljxuh 914= Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�ohv @� +wrs, dqg @2

+erwwrp, zlwk uhvshfw wr wkh sulru R lq wkh devhqfh ri vhfxulw| pdunhwv1

E| Fruroodu| 4 vwudwhj| sur�oh @2 lv dq htxloleulxp li dqg rqo| li wkh

suredelolw| R ri wkh rwkhu frxqwu| ehlqj w|sh D lv vpdoo hqrxjk/ l1h1 R qrw

odujhu wkdq R2�� Iljxuh 914 ghslfwv wkh htxloleulxp uhjlrqv iru vwudwhj| sur0

�ohv @� dqg @21 Iru d jlyhq sulru R wkhuh h{lvwv dw ohdvw rqh Ed|hvldq Qdvk

htxloleulxp1 Iru sulruv lq wkh lqwhuydo dfc R2�o wkhuh duh wzr htxloleuld1

8Vhh Fkdswhu 81814 iru d glvfxvvlrq ri wkh uhvxowv zlwkrxw dvvxpswlrq +916,1
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Wkh lqwxlwlrq ehklqg wkh uhvxow lv wkdw w|sh E kdv dq lqfhqwlyh iru mrlqw

dedwhphqw e| dvvxpswlrq +916,/ exw qrw iru xqlodwhudo dedwhphqw e| dvvxps0

wlrq +818,1 Lq rughu iru w|sh E wr dedwh/ dv uhtxluhg lq wkh htxloleulxp frq0

glwlrqv iru vwudwhj| sur�oh @2c wkh zhljkw rq wkh pdujlqdo ehqh�wv iurp mrlqw

dedwhphqw/ �� Rc kdv wr eh odujh hqrxjk dqg wkdw rq wkh pdujlqdo ehqh�wv

iurp xqlodwhudo dedwhphqw/ Rc vpdoo hqrxjk1 Lq gl�huhqw zrugv/ wkh h{shfwhg

pdujlqdo ehqh�wv iurp dedwhphqw iru w|sh E/ RK� n E�� R�K2c duh ghfuhdvlqj

lq R vr wkdw lq rughu iru wkh h{shfwhg pdujlqdo ehqh�wv wr h{fhhg pdujlqdo

frvw Sc wkh sulru R kdv wr eh vpdoo hqrxjk1

91415 Xquhjxodwhg vhfxulw| pdunhwv

Uhfdoo iurp Fkdswhu 816 wkdw wkhuh zloo eh qr wudgh li erwk frxqwulhv duh ri

wkh vdph w|sh1 Wkhuhiruh/ zkhqhyhu wudgh dfwxdoo| wdnhv sodfh/ wkhuh pxvw

eh h{dfwo| rqh frxqwu| ri hdfk w|sh/ l1h1 ?�Ew� ' ?�Ew� ' �� Iru wklv uhdvrq

zh fdq rplw ?�Ew� dv dq dujxphqw lq }Ewfc ?�Ew�( �@� dqg zulwh

}f�@ G' }Ewf c �( �@� +918,

iru wkh jdlqv iurp wudgh iru w|sh f zkhq djjuhjdwh dedwhphqw lv �@�

Wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv

Wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv jhqhudwhg e| xquhjxodwhg pdu0

nhwv iru folpdwh vhfxulwlhv/ ghqrwhg }f�?�ER�c }
f
SJ?ER�/ }

f
�J�?ER� dqg }f�?SER� iru

f ' �c� lq Vhfwlrq 816/ vlpsoli| frqvlghudeo| iru ? ' 2� Iru h{dpsoh/

}��?�ER� '
?32[
&'f

R&d}Ew
�c & n �( ��� }Ew�c & n �( f�o

' Rfd}Ew
�c �( ��� }Ew�c �( f�o

ES�D�
'

�
�

f

�
RfE�� R��d}�� � }�f o

' E�� R�d}�� � }�f o�

Wkh uhpdlqlqj vhyhq h{suhvvlrqv duh ri d vlplodu vwuxfwxuh1 Lq sduwlfxodu/

wkh| doo frqvlvw ri d gl�huhqfh ri wzr jdlqv iurp wudgh h{suhvvlrqv pxowlsolhg

e| hlwkhu wkh sulru R ru e| �� R�
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Iru wkh dqdo|vlv ri wkh htxloleulxp uhjlrqv ehorz lw lv frqyhqlhqw wr gh�qh

7}f�?� G' }f� � }ff iru f ' �c�

dqg 7}f�J�? G' }f2 � }f� iru f ' �c�

zlwkrxw lqfoxglqj wkh pxowlsolfdwlyh idfwru9 frqwdlqlqj wkh sulru R� Wkh edu

lqglfdwhv wkdw wkh h{suhvvlrqv 7}f�?� dqg 7}f�J�? gr qrw ghshqg rq wkh sulru R�

7}f�?� lv wkh gl�huhqfh ehwzhhq wkh jdlqv iurp wudgh iru w|sh f zkhq rqh ri

wkh frxqwulhv dedwhv dqg zkhq qrqh ri wkh frxqwulhv dedwhv1 Lq sduwlfxodu/

7}f�?� fdq eh lqwhusuhwhg dv wkh +h{shfwhg, dgglwlrqdo lqfhqwlyh iru xqlodwhudo

dedwhphqw/ l1h1 dvvxplqj wkdw wkh rwkhu frxqwu| grhv qrw dedwh� Vlploduo|/

7}f�J�? fdq eh lqwhusuhwhg dv wkh dgglwlrqdo lqfhqwlyh wr mrlq lq dedwhphqw iru

w|sh fc l1h1 dvvxplqj wkdw wkh rwkhu frxqwu| dedwhv Ef ' �c��1 Wkh vljqv

ri 7}f�?� dqg 7}f�J�? duh htxdoo| dpeljxrxv dv wkrvh ri wkh h{suhvvlrqv }f�?�ER�c

}fSJ?ER�/ }
f
�J�?ER� dqg }f�?SER��

Wkh htxloleulxp frqglwlrqv

Wkh htxloleulxp frqglwlrqv iurp Sursrvlwlrq 8 vlpsoli| wr

d, Vwudwhj| sur�oh @� lv dq htxloleulxp/ li dqg rqo| li

E�� w��K� n E�� R�7}��?� � S +919,

dqg E�� w��K� n R7}��?� � S� +91:,

e, Vwudwhj| sur�oh @2 lv dq htxloleulxp/ li dqg rqo| li

E�� w�� dRK� n E�� R�K2o n E�� R�7}��J�? � S +91;,

dqg E�� w�� dRK� n E�� R�K2o n R7}��?� � S� +91<,

f, Vwudwhj| sur�oh @� lv dq htxloleulxp/ li dqg rqo| li

E�� w��K2 n E�� R�7}��J�? � S +9143,

dqg E�� w��K2 n R7}��J�? � S� +9144,

9Wkh zhljkwv s ru 4 � s dulvlqj iurp wkh elqrpldo glvwulexwlrq dsshdu gluhfwo| lq wkh
htxloleulxp frqglwlrqv ehorz1
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g, Vwudwhj| sur�oh @e lv dq htxloleulxp/ li dqg rqo| li

E�� w�� dE�� R�K� n RK2o n E�� R�7}��?� � S +9145,

dqg E�� w�� dE�� R�K� n RK2o n R7}��J�? � S� +9146,

Zkhwkhu wkh htxloleulxp frqglwlrqv iru hdfk vwudwhj| sur�oh ehfrph

pruh ru ohvv vwulqjhqw dv d uhvxow ri pdunhwv iru folpdwh vhfxulwlhv gh0

shqgv rq wkh vljq dqg vl}h ri wkh dgglwlrqdo dedwhphqw lqfhqwlyhv 7}f�?�
dqg 7}f�J�?1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @�

Lq rughu wr ghwhuplqh wkh htxloleulxp uhjlrqv iru wkh irxu vwudwhj| sur�ohv wkh

sdluv ri lqhtxdolwlhv deryh kdyh wr eh dqdo|vhg lq pruh ghwdlo1 Wkdw lqyroyhv

vroylqj hdfk ri wkh lqhtxdolwlhv iru wkh sulru R dqg wkhq ghwhuplqlqj wkh vhwv

ri sulruv iru zklfk hdfk sdlu ri lqhtxdolwlhv krogv1 Wkh uhvxowv iru vwudwhj|

sur�oh @� duh vxppdul}hg lq Fruroodu| 5 ehorz1

Fruroodu| 5
Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� zlwk uhvshfw wr wkh sulru R/

ghshqghqw rq wkh vl}h ri wkh dgglwlrqdo dedwhphqw lqfhqwlyhv 7}��?� dqg 7}��?�/

duh olvwhg lq wkh iroorzlqj wdeoh1

Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @�

7}��?� � S� E�� w��K� 7}��?� : S� E�� w��K�

7}��?� � S� E�� w��K� d, dfc �o e, dfc R�-
�� o

7}��?� : S� E�� w��K� f, dR�-
�� c �o g, dR�-

�� c R�-
�� o

zkhuh R�-
�� G'

�

7}��?�

�
E�� w��K� � Sn 7}��?�

�
+9147,

dqg R�-
�� G'

�

7}��?�

�
S� E�� w��K�

�
� +9148,

Wkh surri lv jlyhq lq Dsshqgl{ F1 Wkh wdeoh lq Fruroodu| 5 kdv wr eh

lqwhusuhwhg dv iroorzv1 Li/ iru h{dpsoh/ 7}��?� � S � E� � w��K� dqg 7}��?� �
S�E��w��K� krog/ wkhq fdvh d, dulvhv dqg vwudwhj| sur�oh @� lv dq htxloleulxp
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iru doo sulruv lq wkh xqlw lqwhuydo dfc �o� Iljxuh 915 looxvwudwhv wkh htxloleulxp

uhjlrqv ghwhuplqhg lq Fruroodu| 5 lq frpsdulvrq wr wkh htxloleulxp uhjlrq

iru wkh vfhqdulr zlwkrxw vhfxulwlhv1

Iljxuh 915= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk vhfxulw| pdunhwv wkdw duh qrw vxemhfw wr

uhjxodwlrq +uljkw,1 Wkh irxu lqwhuydov pdunhg d, wr g, rq wkh uljkw kdqg

vlgh fruuhvsrqg wr fdvh d, wr g, lq Fruroodu| 51

Uhfdoo iurp Vhfwlrq 815 wkdw lq wkh devhqfh ri vhfxulwlhv vwudwhj| sur�oh

@� lv d Ed|hvldq htxloleulxp iru doo sulruv vlqfh qhlwkhu ri wkh wzr w|shv kdv

dq lqfhqwlyh iru xqlodwhudo dedwhphqw1 Wkh lqwxlwlrq iru fdvh d, lq Fruroodu|

5 lv wkhq reylrxv1 Li wkh dgglwlrqdo lqfhqwlyhv iru xqlodwhudo dedwhphqw 7}��?�
dqg 7}��?� duh erwk uhodwlyho| vpdoo +ru hyhq qhjdwlyh,/ qhlwkhu ri wkh w|shv kdv

dq lqfhqwlyh iru xqlodwhudo dedwhphqw1 Wkhuhiruh/ wkh htxloleulxp uhjlrq iru

vwudwhj| sur�oh @� lv wkh frpsohwh xqlw lqwhuydo dv lq wkh devhqfh ri vhfxulwlhv

+fi1 fdvh d, lq Iljxuh 915,1

Li/ iru h{dpsoh/ 7}��?� lv uhodwlyho| odujh/ vwudwhj| sur�oh @
� lv dq htxloleulxp

rqo| iru vx!flhqwo| vpdoo sulruv +fi1 fdvh e, lq Iljxuh 915,1 Wkh uhdvrq lv wkdw

lq wkh htxloleulxp frqglwlrq iru w|sh E/ +91:,/ wkh edvlf lqfhqwlyh iru xqlodwhudo

dedwhphqw/ E��w��K�/ lv dxjphqwhg e| wkh dgglwlrqdo lqfhqwlyh iru xqlodwhudo
dedwhphqw pxowlsolhg e| wkh sulru/ R7}��?�� Iru odujh sulruv/ lqhtxdolw| +91:,

grhv qrw krog1
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Vlploduo|/ li 7}��?� lv uhodwlyho| odujh/ vwudwhj| sur�oh @� lv dq htxloleulxp

rqo| iru vx!flhqwo| odujh sulruv +fi1 fdvh f, lq Iljxuh 915,1 Qrwh wkdw lq wkh

htxloleulxp frqglwlrq iru w|sh D +919, wkh dgglwlrqdo lqfhqwlyh iru xqlodwhudo

dedwhphqw 7}��?� lv pxowlsolhg e| E�� R�� Wkhuhiruh/ lqhtxdolw| +919, grhv qrw

krog iru vpdoo sulruv1

Li wkh dgglwlrqdo lqfhqwlyhv iru xqlodwhudo dedwhphqw duh odujh iru erwk

w|shv +fi1 fdvh g, Iljxuh 915, wkh htxloleulxp uhjlrq lv wkh lqwhuvhfwlrq ri wkh

wzr lqwhuydov lq e, dqg f,1 Qrwh wkdw R�-
�� : R�-

�� pd| krog lq g,1 Lq wkdw

fdvh/ wkh lqwhuydo dR�-
�� c R�-

�� o lv wkh hpsw| vhw dqg wkhuh lv qr sulru iru zklfk

vwudwhj| sur�oh @� lv dq htxloleulxp1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2

Wkh htxloleulxp uhjlrqv iru wkh w|sh0frqvlvwhqw vwudwhj| sur�oh @2 zhuh gh0

ulyhg lq wkh vdph pdqqhu dv iru vwudwhj| sur�oh @� deryh dqg duh looxvwudwhg

lq Iljxuh 9161 Wkhlu ghulydwlrq/ rplwwhg khuh iru euhylw|/ dqg wkh gh�qlwlrqv

ri R�-
2� dqg R�-

2� fdq eh irxqg lq Fruroodu| 9 lq Dsshqgl{ F1

Iljxuh 916= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2 lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk vhfxulw| pdunhwv wkdw duh qrw vxemhfw wr

uhjxodwlrq +uljkw,1 Wkh irxu �jxuhv rq wkh uljkw kdqg vlgh/ pdunhg d, wr

g,/ fruuhvsrqg wr fdvhv d, wr g, lq Fruroodu| 91
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Iljxuh 916 vkrzv wkdw irxu gl�huhqw fdvhv pd| dulvh zlwk uhvshfw wr wkh

htxloleulxp uhjlrq iru vwudwhj| sur�oh @2� Wkh vwuxfwxuhv ri wkh htxloleulxp

uhjlrqv vwurqjo| uhvvhpeoh wkrvh iru vwudwhj| sur�oh @� lq Iljxuh 9151 Krz0

hyhu/ wkh uhohydqw dgglwlrqdo dedwhphqw lqfhqwlyhv duh 7}��J�? dqg 7}��?� vlqfh

wkh| dsshdu lq wkh htxloleulxp frqglwlrqv1: Pruhryhu/ wkh h{suhvvlrqv R�-
2�

dqg R�-
2� duh gh�qhg gl�huhqwo| wr R�-

�� dqg R�-
�� 1 Qrwh wkdw wkh h{suhvvlrqv

7}��J�? dqg 7}��?� hqwhu erwk wkh gh�qlwlrq ri R�-
2� dqg R�-

2� dqg wkh frqglwlrqv

ghwhuplqlqj zklfk ri wkh irxu fdvhv dulvhv1

Lq jhqhudo/ zh fdqqrw vd| zkhwkhu R�-
2� � R�-

2� ru R�-
2� : R�-

2� krogv1 Iljxuh

916 lv gudzq iru wkh fdvh R�-
2� 	 R�-

2� � Li R�-
2� : R�-

2� krogv/ wkh lqwhuydo lq fdvh

g, ehfrphv wkh hpsw| vhw1 Wkhuhiruh/ wkh srvvleoh udqjh iru wkh htxloleulxp

uhjlrq iru vwudwhj| sur�oh @2 vwuhwfkhv iurp wkh xqlw lqwhuydo wr wkh hpsw|

vhw/ ghshqglqj rq wkh vljq dqg vl}h ri wkh dgglwlrqdo dedwhphqw lqfhqwlyhv

7}��J�? dqg 7}��?�1

Iru sxusrvhv ri frpsdulvrq zlwk wkh vfhqdulr zlwkrxw vhfxulwlhv wkh fux0

fldo srlqw lv wkh uhodwlrq ehwzhhq R�-
2� dqg R2�� Zkhwkhu R�-

2� lv vpdoohu ru

odujhu wkdq R2� ghshqgv rq wkh vljq ri 7}��?� dv vkrzq lq wkh iroorzlqj Fruro0

odu|1

Fruroodu| 6 +Frpsdulvrq ri R2� dqg R�-
2� �

Dvvxph 7}��?� 	 S� E�� w��K�� Wkhq

7}��?� 	 f / R2� : R�-
2�

dqg f 	 7}��?� 	 S� E�� w��K� / R2� 	 R�-
2� �

Wkh surri lv jlyhq lq Dsshqgl{ F1 E| Fruroodu| 6 wkh htxloleulxp uhjlrq

zlwk xquhjxodwhg vhfxulwlhv lq fdvh e, ri Iljxuh 916 lv vpdoohu wkdq wkdw

zlwkrxw vhfxulwlhv li 7}��?� lv vpdoohu wkdq }hur dqg odujhu wkdq wkdw zlwkrxw

vhfxulwlhv li 7}��?� lv odujhu wkdq }hur1;

Vxppdul}lqj/ wkh lpsdfw ri xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv rq

wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2 fdq ydu| vwurqjo|1 Li fdvh d,

ri Iljxuh 916 lv wkh uhohydqw fdvh wkh htxloleulxp uhjlrq lv wkh xqlw lqwhuydo

:Fi1 +91;, dqg +91<,1
;Qrwh wkdw wkh dvvxpswlrq lq Fruroodu| 6 fruuhvsrqgv wr wkdw uhohydqw iru fdvh e, lq

Iljxuh 9161
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zlwk vhfxulwlhv zkhuhdv lw frqvlvwhg ri wkh lqwhuydo dfc R2�o lq wkh devhqfh ri

vhfxulwlhv1 Wkh rwkhu h{wuhph lv fdvh g, zkhuh wkh htxloleulxp uhjlrq pd|

eh wkh hpsw| vhw1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @�

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� duh looxvwudwhg< lq Iljxuh 9171

Uhfdoo iurp Vhfwlrq 81515 wkdw lq wkh devhqfh ri vhfxulwlhv vwudwhj| sur�oh @�

Iljxuh 917= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk vhfxulw| pdunhwv wkdw duh qrw vxemhfw wr

uhjxodwlrq +uljkw,1 Qrwh wkdw wkh htxloleulxp uhjlrq lq wkh devhqfh ri

vhfxulw| pdunhwv lv wkh hpsw| vhw1 Wkh wkuhh �jxuhv rq wkh uljkw kdqg

vlgh/ pdunhg d, wr f,/ fruuhvsrqg wr fdvhv d, wr f, lq Fruroodu| :1

fdqqrw eh dq htxloleulxp143

Zlwk xquhjxodwhg vhfxulwlhv/ wkh uhohydqw dgglwlrqdo dedwhphqw lqfhqwlyhv

duh 7}��J�? dqg 7}��J�?� Vwudwhj| sur�oh @
� lv d Ed|hvldq htxloleulxp iru vx!flhqwo|

vpdoo sulruv li wkh dgglwlrqdo lqfhqwlyh iru mrlqw dedwhphqw iru w|sh D/ 7}��J�?c lv

odujh hqrxjk +fi1 fdvh d, dqg e, lq Iljxuh 917 dqg Fruroodu| :,1 Lq sduwlfxodu

<Wkh irupdo ghulydwlrq zklfk lv dqdorjrxv wr wkdw iru vwudwhj| sur�oh d4 deryh dqg wkh
gh�qlwlrqv ri sQU6D dqg sQU

6E duh suhvhqwhg lq Fruroodu| : lq Dsshqgl{ F1
43L1h1 wkh htxloleulxp uhjlrq lv wkh hpsw| vhw1 Wkh uhdvrq lv wkdw wkh htxloleulxp frq0

glwlrqv iru vwudwhj| sur�oh d6 uhtxluh erwk w|shv wr kdyh dq lqfhqwlyh iru mrlqw dedwhphqw
zklfk lv h{foxghg e| wkh dvvxpswlrq ri w|sh D kdylqj O dv grplqdqw vwudwhj| lq +818,
dqg +819,1
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7}��J�? kdv wr eh odujhu wkdq }hur lq rughu iru vwudwhj| sur�oh @� wr eh dq

htxloleulxp1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @e

Iljxuh 918 looxvwudwhv wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @e zlwk xq0

uhjxodwhg vhfxulwlhv144 Uhfdoo iurp Vhfwlrq 815 wkdw vwudwhj| sur�oh @e fdq0

Iljxuh 918= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @e lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk vhfxulw| pdunhwv wkdw duh qrw vxemhfw wr

uhjxodwlrq +uljkw,1 Wkh wkuhh �jxuhv rq wkh uljkw kdqg vlgh/ pdunhg d, wr

f,/ fruuhvsrqg wr fdvhv d, wr f, lq Fruroodu| ;1

qrw eh dq htxloleulxp lq wkh devhqfh ri vhfxulwlhv1 Zlwk xquhjxodwhg vhfx0

ulw| pdunhwv/ wkh uhohydqw dgglwlrqdo dedwhphqw lqfhqwlyhv duh 7}��?� dqg 7}��J�?�

Vwudwhj| sur�oh @e fdq eh dq htxloleulxp iru vx!flhqwo| vpdoo sulruv li w|sh

D*v dgglwlrqdo lqfhqwlyh iru xqlodwhudo dedwhphqw 7}��?� lv uhodwlyho| odujh1

Wkh fdvh ri dgglwlrqdo dedwhphqw glvlqfhqwlyhv

Uhfdoo wkdw wkh h{suhvvlrqv 7}f�?� dqg 7}f�J�? +f ' �c�� fdq kdyh d srvlwlyh ru

d qhjdwlyh vljq1 Hylghqfh iurp wkh h{dpsohv lq Vhfwlrq 915 ehorz vxjjhvwv

wkdw wkh fdvh ri qhjdwlyh vljqv lv lqghhg uhohydqw1

44Wkh ghwdlov duh jlyhq lq Fruroodu| ;/ djdlq lq Dsshqgl{ F1
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Wkhuhiruh frqvlghu wkh vshfldo fdvh 7}��?� 	 fc 7}��?� 	 f dqg 7}��J�? 	 f iru d

prphqw145 Wkhq wkh lpsolfdwlrqv ri Fruroodulhv 5/ 9/ : dqg ; lq frpelqdwlrq

zlwk dvvxpswlrqv +818, dqg +819, duh fohdu fxw1 Vwudwhj| sur�oh @� lv dq

htxloleulxp iru doo sulruv R 5 dfc �o zkhuhdv wkh htxloleulxp uhjlrq iru vwudwhj|

sur�oh @2 lv dfc R�-
2� o1 Vwudwhj| sur�ohv @� dqg @e fdqqrw eh htxloleuld/ l1h1 wkhlu

htxloleulxp uhjlrqv duh wkh hpsw| vhw1

Wkh h�hfw ri vhfxulw| pdunhwv rq djjuhjdwh dedwhphqw

Wkh dqdo|vlv ri wkh htxloleulxp uhjlrqv deryh vkrzv wkdw iru fhuwdlq ydoxhv

ri wkh sulru R wkhuh duh pxowlsoh htxloleuld erwk lq wkh devhqfh ri vhfxulwlhv

dqg zlwk xquhjxodwhg vhfxulwlhv1 Zkhqhyhu wkh htxloleulxp uhjlrqv iru wzr

gl�huhqw vwudwhj| sur�ohv ryhuods/ wkh dqdo|vlv ri Vhfwlrqv 81617 dqg 81718

deryh dssolhv1

Uhfdoo iurp Vhfwlrq 91414 wkdw lq wkh devhqfh ri vhfxulw| pdunhwv erwk

vwudwhj| sur�oh @� dqg vwudwhj| sur�oh @2 duh htxloleuld li R olhv lq wkh lqwhuydo

dfc R2�oc zklfk lv wkh lqwhuvhfwlrq ri wkh htxloleulxp uhjlrqv iru @� dqg @2�

Zlwk xquhjxodwhg vhfxulw| pdunhwv wkhuh pd| eh xs wr irxu htxloleuld iru

vrph ydoxhv ri R� Iru h{dpsoh/ li fdvh d, lv wkh uhohydqw fdvh lq hdfk ri wkh

Iljxuhv 915 wr 918/ doo irxu vwudwhj| sur�ohv duh htxloleuld iru ydoxhv ri R

vdwlvi|lqj f � R � 4�?iR�-
�� c R�-

e� j�
Wkhuhiruh wkh lqwurgxfwlrq ri vhfxulwlhv pd| eh dffrpsdqlhg e| d vzlwfk

iurp rqh htxloleulxp lq wkh devhqfh ri wkhvh pdunhwv wr dqrwkhu htxloleulxp

zkhq wkhuh duh vhfxulw| pdunhwv1 Lq sduwlfxodu/ dv dujxhg lq Vhfwlrqv 81617

dqg 81718/ djjuhjdwh dedwhphqw fdq lqfuhdvh ru ghfuhdvh zlwk vhfxulw| pdunhwv

uhodwlyh wr d vlwxdwlrq zlwkrxw wkhvh pdunhwv1

91416 Uhjxodwhg vhfxulw| pdunhwv

Zlwk uhjxodwhg vhfxulw| pdunhwv dqg rqo| wzr frxqwulhv wudgh fdq rqo| wdnh

sodfh li wkhuh lv h{dfwo| rqh frxqwu| ri hdfk w|sh46 dqg li erwk frxqwulhv

45Wkh h{suhvvlrq �jEmrlq grhv qrw dsshdu lq wkh htxloleulxp frqglwlrqv jlyhq lq Fruroodulhv
5/ 9/ : dqg ;1

46Fi1 Vhfwlrq 914151
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ehkdyhg w|sh0frqvlvwhqwo| lq wkh �uvw shulrg147 Frqvhtxhqwo|/ zkhqhyhu wudgh

wdnhv sodfh xqghu uhjxodwlrq ?-�Ew� ' ?-�Ew� ' � krogv1

Qrwh wkdw wkh jdlqv iurp wudgh iru w|sh w� zlwk dqg zlwkrxw uhjxodwlrq

gr qrw gl�hu iru d jlyhq ohyho ri djjuhjdwh dedwhphqw �@ li wkhuh lv wkh vdph

qxpehu ri frxqwulhv ri hdfk w|sh wudglqj1 Wkxv/ iru wkh fdvh ri wzr frxqwulhv

}-Ew�c �c �( �@� ' }Ew�c �( �@� ; w�c �@

krogv dqg zh fdq zulwh }f�@ c gh�qhg dv deeuhyldwlrq iru }Ew�c �c �@� lq +918,/ iru

}-Ewf c �c �c �@��

Iru wkh fdvh ri wzr frxqwulhv wkh htxloleulxp frqglwlrqv iurp Sursrvlwlrq

9 vlpsoli| wr48

d, Vwudwhj| sur�oh @� lv dq htxloleulxp/ li dqg rqo| li

E�� w��K� � S +9149,

dqg E�� w��K� n R}�� � S� +914:,

e, Vwudwhj| sur�oh @2 lv dq htxloleulxp/ li dqg rqo| li

E�� w��dRK� n E�� R�K2o � S n E�� R�}�� +914;,

dqg E�� w��dRK� n E�� R�K2o � S� R}�� � +914<,

Qrwh wkdw/ zlwk uhjxodwlrq/ h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv gr

qrw dsshdu lq doo wkh htxloleulxp frqglwlrqv1 Wklv lv gxh wr wkh idfw wkdw zlwk

uhjxodwlrq wkhuh lv wudgh lq ihzhu vlwxdwlrqv wkdq zlwkrxw uhjxodwlrq1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @�

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� zlwk uhjxodwhg vhfxulw| pdu0

nhwv duh looxvwudwhg49 lq Iljxuh 9191 Zlwk uhvshfw wr vwudwhj| sur�oh @� wkh

47Li rqo| rqh ri wkh frxqwulhv ehkdyhv frqvlvwhqwo| dqg lv wkhuhiruh doorzhg wr wudgh lw
kdv qr wudglqj sduwqhu1 Fi1 Vhfwlrq 8171

48Uhfdoo iurp Sursrvlwlrq 9 wkdw vwudwhj| sur�ohv d6 dqg d7 fdqqrw eh htxloleuld zlwk
uhjxodwhg vhfxulw| pdunhwv1

49Wkh| duh ghulyhg dqdorjrxvo| wr wkh htxloleulxp uhjlrqv iru xquhjxodwhg vhfxulwlhv lq
Vhfwlrq 914151 Wkh ghwdlov/ lq sduwlfxodu wkh gh�qlwlrq ri sU4E> duh jlyhq lq Fruroodu| < lq
Dsshqgl{ F1
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htxloleulxp frqglwlrq iru w|sh D/ +9149,/ lv qrw d�hfwhg e| vhfxulw| wudglqj1

Wkhuhiruh/ rqo| wkh jdlqv iurp wudgh iru w|sh E/ }�� c kdyh dq lpsdfw rq wkh

uhvxowv1 Li }�� lv uhodwlyho| vpdoo/ vwudwhj| sur�oh @� lv dq htxloleulxp iru doo

sulruv dv zdv wkh fdvh lq wkh devhqfh ri vhfxulwlhv +fi1 fdvh d, lq Iljxuh 919,1

Li }�� lv uhodwlyho| odujh/ l1h1 odujh hqrxjk wr fuhdwh dq lqfhqwlyh iru xqlodwhudo

dedwhphqw/ vwudwhj| sur�oh @� lv rqo| dq htxloleulxp li wkh zhljkw R rq wkhvh

jdlqv iurp wudgh lv vpdoo hqrxjk +fi1 sduw e, lq Iljxuh 919,1

Iljxuh 919= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @� lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk uhjxodwhg vhfxulw| pdunhwv +uljkw,1 Wkh

wzr �jxuhv rq wkh uljkw kdqg vlgh/ pdunhg d, dqg e, fruuhvsrqg wr sduwv

d, dqg e, ri Fruroodu| <1

Wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2

Iljxuh 91: looxvwudwhv4: wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @21 Uh0

fdoo wkdw lq wkh devhqfh ri pdunhwv iru folpdwh vhfxulwlhv wkh w|sh0frqvlvwhqw

vwudwhj| sur�oh @2 lv dq htxloleulxp rqo| iru sulruv lq wkh lqwhuydo dfc R2�o�

Zlwk uhjxodwhg vhfxulwlhv vwudwhj| sur�oh @2 lv dq htxloleulxp iru doo sulruv

li wkh uhohydqw jdlqv iurp wudgh duh uhodwlyho| odujh iru w|sh E +fi1 fdvh d,

lq Iljxuh 91:,1 Li wkh uhohydqw jdlqv iurp wudgh duh uhodwlyho| vpdoo/ vwudwhj|

sur�oh @2 lv rqo| dq htxloleulxp iru sulruv lq wkh lqwhuydo dfc R-2�o +fi1 fdvh e,

lq Iljxuh 91:,1

4:Iru wkh ghulydwlrq vhh Fruroodu| < lq Dsshqgl{ F1
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Iljxuh 91:= Htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2 lq wkh devhqfh ri

vhfxulw| pdunhwv +ohiw, dqg zlwk uhjxodwhg vhfxulw| pdunhwv +uljkw,1 Wkh

wzr �jxuhv rq wkh uljkw kdqg vlgh pdunhg d, dqg e, fruuhvsrqg wr sduwv

d, dqg e, ri Fruroodu| <1

Fruroodu| 7 +Frpsdulvrq ri R-2� zlwk R2�,

Dvvxph }�� 	 S� E�� w��K�� Wkhq R-2� : R2� krogv�

Wkh surri lv jlyhq lq Dsshqgl{ F1 Fruroodu| 7 vkrzv wkdw R-2� lv odujhu

wkdq R2� xqghu wkh dvvxpswlrqv ri fdvh e, lq Iljxuh 91: dqg Fruroodu| <1

Wkhuhiruh/ zlwk uhjxodwhg vhfxulw| pdunhwv wkh htxloleulxp uhjlrq iru vwudwhj|

sur�oh @2 lv dozd|v odujhu wkdq wkh htxloleulxp uhjlrq iru vwudwhj| sur�oh

@2 zlwkrxw vhfxulw| pdunhwv/ qr pdwwhu zklfk ri wkh wzr fdvhv ghslfwhg lq

Iljxuh 91: dulvhv1 Lq gl�huhqw zrugv/ zlwk uhjxodwhg vhfxulw| pdunhwv vwudwhj|

sur�oh @2 lv dq htxloleulxp iru d odujhu vhw ri hfrqrplhv wkdq zlwkrxw vhfxulw|

pdunhwv1

Wkh h�hfw ri uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv rq djjuhjdwh
dedwhphqw

Lq Vhfwlrqv 81617 dqg 81718 lw zdv srlqwhg rxw wkdw wkh ohyho ri djjuhjdwh

dedwhphqw lv rqo| d�hfwhg e| vhfxulw| pdunhwv wkurxjk wkh h{lvwhqfh ri pxo0

wlsoh htxloleuld dqg srwhqwldo vzlwfklqj iurp rqh htxloleulxp wr dqrwkhu1 Wkh

vdph dssolhv khuh1

Zlwk uhjxodwlrq/ erwk vwudwhj| sur�oh @� dqg vwudwhj| sur�oh @2 duh htxl0

oleuld dw ohdvw iru wkh lqwhuydo dfc4�?iR-��c R-2�jo� Ghshqglqj rq zklfk ri wkh
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fdvhv d, dqg e, dulvhv iru hdfk ri wkh vwudwhj| sur�ohv wkh ryhuods ri wkh

htxloleulxp uhjlrqv pd| eh hyhq odujhu1

Wkhuhiruh/ dv ghvfulehg lq Vhfwlrq 81718 deryh/ wkhuh lv srwhqwldo iru

vzlwfklqj ehwzhhq htxloleuld dqg wkh ohyho ri djjuhjdwh dedwhphqw fdq eh

vpdoohu ru odujhu zlwk uhjxodwhg vhfxulwlhv wkdq lq wkh devhqfh ri vxfk pdu0

nhwv1

Vxppdu|

Lq frqwudvw wr wkh fdvh ri xquhjxodwhg vhfxulwlhv wkh lpsdfw ri folpdwh vhfx0

ulwlhv rq dedwhphqw lv qrw dpeljxrxv li wudgh lq folpdwh vhfxulwlhv lv ihdvleoh1

Wkh htxloleulxp uhjlrq iru wkh �qhyhu dedwh� vwudwhj| sur�oh @� lv hlwkhu lghq0

wlfdo wr ru vpdoohu wkdq wkdw lq wkh devhqfh ri vhfxulw| pdunhwv1 Wkxv/ wkhuh

lv d whqghqf| iru wkh ohvv ghvludeoh vwudwhj| sur�oh @� wr eh dq htxloleulxp

iru d vpdoohu vhw ri hfrqrplhv wkdq lq wkh devhqfh ri pdunhwv iru folpdwh

vhfxulwlhv1

Iru wkh suhihuuhg w|sh0frqvlvwhqw vwudwhj| sur�oh @2/ wkh htxloleulxp uh0

jlrq lv dozd|v odujhu zlwk uhjxodwhg vhfxulw| pdunhwv wkdq zlwkrxw vhfxulwlhv1

Wkhuhiruh uhjxodwhg vhfxulw| pdunhwv pdnh wkh suhihuuhg htxloleulxp �ds0

shdu� iru d odujhu vhw ri hfrqrplhv/ l1h1 d zlghu udqjh ri sulruv wkdq lv wkh

fdvh zlwkrxw vhfxulwlhv1 Sxw gl�huhqwo|/ li uhjxodwlrq ri pdunhwv iru folpdwh

vhfxulwlhv lv d ihdvleoh zd| wr surfhhg/ wkhq wkhvh pdunhwv jhqhudwh d vkliw

iurp wkh �qhyhu dedwh� vwudwhj| sur�oh @� wr wkh �w|sh0frqvlvwhqw� vwudwhj|

sur�oh @2�

915 H{dpsohv

Dowkrxjk wkh dqdo|vlv iru wkh fdvh ri wzr frxqwulhv lq Vhfwlrq 914 gholyhuhg

qhz lqvljkw/ vrph rshq txhvwlrqv uhpdlqhg1 Wklv vhfwlrq suhvhqwv d qxpehu

ri h{dpsohv lq rughu wr lpsuryh wkh lqwxlwlrq zlwk uhvshfw wr wkh h�hfwv dqdo0

|vhg deryh dqg looxvwudwh wkh surfhvv ri fdofxodwlqj wkh htxloleulxp uhjlrqv1

Vr idu/ wkh rqo| dvvxpswlrq zlwk uhvshfw wr wkh yrq Qhxpdqq0Prujhqvwhuq

xwlolw| ixqfwlrq �E�� zdv ulvn dyhuvlrq/ l1h1 ��E%� : f dqg ���E%� 	 f iru doo

%� Zlwklq wklv vhfwlrq/ vhyhudo gl�huhqw xwlolw| ixqfwlrqv zloo eh xvhg1 Wkh|
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gl�hu/ iru h{dpsoh/ zlwk uhvshfw wr krz wkh ghjuhh ri ulvn dyhuvlrq fkdqjhv

zlwk hlwkhu wkh devroxwh ru wkh uhodwlyh ohyho ri frqvxpswlrq1 Wkhuhiruh/ wkh

iroorzlqj vxevhfwlrq eulh | uhfdoov wkh zhoo0nqrzq frqfhswv ri devroxwh dqg

uhodwlyh ulvn dyhuvlrq1

91514 Phdvxuhv ri ulvn dyhuvlrq

Devroxwh ulvn dyhuvlrq

Ulvn dyhuvlrq lv vwurqjo| uhodwhg wr wkh fxuydwxuh ri �E��� Krzhyhu/ wkh vhfrqg
ghulydwlyh ���E%� lv qrw d vxlwdeoh phdvxuh/ vlqfh lw lv qrw lqyduldqw wr srvlwlyh

olqhdu wudqvirupdwlrqv ri wkh xwlolw| ixqfwlrq14; Wkhuhiruh wkh Duurz0Sudww

frh!flhqw ri devroxwh ulvn dyhuvlrq4< -@E%� lv gh�qhg dv

-@E%� G' ��
��E%�

��E%�
�

Sudww ^4<97` dujxhg lq idyrxu ri ghfuhdvlqj devroxwh ulvn dyhuvlrq +GDUD,1

Wkh xqghuo|lqj lqwxlwlrq lv wkdw zloolqjqhvv wr ehdu devroxwh ulvnv lqfuhdvhv

zlwk zhdowk/ l1h1 d ulfk lqglylgxdo lv ohvv ulvn dyhuvh wkdq d srru rqh1 Wklv

k|srwkhvlv lv zlgho| dffhswhg lq wkh olwhudwxuh dqg dovr zhoo0vxssruwhg hp0

slulfdoo|1 Wkh dvvxpswlrq ri frqvwdqw devroxwh ulvn dyhuvlrq +FDUD, fru0

uhvsrqgv wr wkh devhqfh ri zhdowk h�hfwv zlwk uhvshfw wr ulvn dyhuvlrq dqg

pd| eh dq dffhswdeoh dssur{lpdwlrq ru vlpsol�fdwlrq zkhq zhdowk h�hfwv

duh vpdoo1

Uhodwlyh ulvn dyhuvlrq

Frqvlghulqj sursruwlrqdo udwkhu wkdq devroxwh fkdqjhv lq zhdowk |lhogv

-oE%� G' �% � �
��E%�

��E%�
' %-@E%�

4;Fi1 Pdv0Frohoo hw do1 ^4<<8`/ Fkdswhu 91
4<Vhh Duurz ^4<98` dqg Sudww ^4<97`1 Qrwh wkdw vlqfh wkh xwlolw| ixqfwlrq fdq eh

uhfryhuhg xs wr wzr lqwhjudwlrq frqvwdqwv iurp Ud e| lqwhjudwlqj wzlfh/ wkh suhihuhqfhv
duh fkdudfwhul}hg frpsohwho| e| wkh Duurz0Sudww frh!flhqw ri devroxwh ulvn dyhuvlrq +fi1
Kluvkohlihu dqg Uloh| ^4<<5` ru Pdv0Frohoo/ Zklqvwrq dqg Juhhq ^4<<8`,1
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dv phdvxuh ri uhodwlyh ulvn dyhuvlrq153

Zklfk dvvxpswlrq frqfhuqlqj uhodwlyh ulvn dyhuvlrq lv prvw sodxvleoh lv

frqwuryhuvldoo| ghedwhg lq wkh olwhudwxuh1 Duurz ^4<98` dujxhg lq idyrxu ri

lqfuhdvlqj uhodwlyh ulvn dyhuvlrq +LUUD,1 Krzhyhu/ wklv k|srwkhvlv kdv qrw

irxqg jhqhudo dffhswdqfh1 Iru odfn ri frqylqflqj dujxphqwv dqg hylghqfh lq

idyrxu ri rqh ri wkh wkuhh srvvleoh dvvxpswlrqv frqvwdqw uhodwlyh ulvn dyhuvlrq

+FUUD, lv riwhq dvvxphg1

91515 H{srqhqwldo xwlolw|

Dv �uvw h{dpsoh frqvlghu d xwlolw| ixqfwlrq ri wkh h{srqhqwldo w|sh gh�qhg

dv

�E%� ' �be3>% zlwk bc > : f� +9153,

Lw lv hdvlo| fkhfnhg wkdw wkh frh!flhqw ri devroxwh ulvn dyhuvlrq lv -@E%� ' >/

d frqvwdqw odujhu wkdq }hur1 Wkhuhiruh wklv w|sh ri xwlolw| ixqfwlrq h{klelwv

FDUD1 Ixuwkhupruh/ zh jhw -oE%� ' % � -@E%� ' >% zklfk lqfuhdvhv lq %c

lpso|lqj LUUD1

W|slfdo sdwwhuqv ri htxloleulxp uhjlrqv

Uhfdoo iurp Vhfwlrq 914 wkdw wkh vwuxfwxuh ri wkh htxloleulxp uhjlrqv iru

xquhjxodwhg vhfxulwlhv ghshqgv ghflvlyho| rq wkh vljqv ri wkh +h{shfwhg, dg0

glwlrqdo dedwhphqw lqfhqwlyhv1 Wkhvh/ lq wxuq/ ghshqg rq gl�huhqfhv ri jdlqv

iurp wudgh iru gl�huhqw ohyhov ri djjuhjdwh dedwhphqw �@� Wkh fdofxodwlrqv iru

h{srqhqwldo xwlolw| ixqfwlrqv vwurqjo| vxjjhvw54 wkdw wkh jdlqv iurp wudgh iru

w|sh f/ }f�@ c duh ghfuhdvlqj lq djjuhjdwh dedwhphqw �@ Ef ' �c��� Lq wkdw

fdvh wkh dgglwlrqdo dedwhphqw lqfhqwlyhv 7}f�?� dqg 7}f�J�?zrxog eh vpdoohu wkdq

}hur155 Wkh frqvhtxhqfhv iru wkh htxloleulxp uhjlrqv zhuh douhdg| dqdo|vhg

lq Vhfwlrq 914151
53Qrwh wkdw lw fruuhvsrqgv wr wkh hodvwlflw| ri wkh xwlolw| ixqfwlrq1
54Krzhyhu/ dqdo|wlfdoo|/ wkh frpsdudwlyh vwdwlfv ri vhfxulw| pdunhw htxloleulxp gr qrw

|lhog d vljq iru wkh sduwldo ghulydwlyh ri wkh jdlqv iurp wudgh iru w|sh [/ j[�d > zlwk uhvshfw
wr djjuhjdwh dedwhphqw �d> Cj

[

�d

C�d= 1 Wklv vkrxog eh d wrslf ri ixuwkhu uhvhdufk1
55Uhfdoo wkdw �j[xql @ j[4 � j[3 dqg �j[mrlq @ j[5 � j[4 iru [ @ D>E=
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Iru uhjxodwhg vhfxulw| pdunhwv wkh jdlqv iurp wudgh wkhpvhoyhv duh wkh

uhohydqw h{suhvvlrqv1 Wkh| gr qrw h{klelw dq| vshfldo surshuwlhv vr wkdw iru

uhjxodwhg vhfxulwlhv wzr gl�huhqw sdwwhuqv ri htxloleulxp uhjlrqv fdq dulvh156

Iru wkh fdvh ri wkh h{suhvvlrqv 7}f�?� dqg 7}f�J�? ehlqj vpdoohu wkdq }hur iru

f ' �c� wkhuh duh rqo| wzr srvvleoh ryhudoo sdwwhuqv ri htxloleulxp uhjlrqv

zklfk duh ghslfwhg lq Wdeoh 914 ehorz1

Qr Vhfxulwlhv Xquhjxodwhg Vhfxulwlhv Uhjxodwhg Vhfxulwlhv
Sdwwhuq 4 Sdwwhuq 5

@� dfc �o dfc �o dfc R-��o dfc �o

@2 dfc R2�o dfc R�-
2� o dfc �o dfc R-2�o

Wdeoh 914= Srvvleoh sdwwhuq ri htxloleulxp uhjlrqv iru h{srqhqwldo xwlolw| ixqf0

wlrqv zkhq wkh jdlqv iurp wudgh }f�@ duh ghfuhdvlqj lq �@� Qrwh wkdw e| Fruroodu|

6 R2� : R-2� krogv1

H{dpsoh 4 ehorz jlyhv d sdudphwhu frqvwhoodwlrq ohdglqj wr wkh uhvshfwlyh

sdwwhuq ri htxloleulxp uhjlrqv iru hdfk ri wkh wzr sdwwhuqv lq Wdeoh 9141

H{dpsoh 4 +H{srqhqwldo xwlolw|,

Ohw wkh xwlolw| ixqfwlrq eh ri wkh h{srqhqwldo w|sh dv gh�qhg lq +9153, zlwk

b ' �ff dqg > ' �
�ff
/ l1h1 �E%� ' ��ff�e3 %

�ff � Wkh sdudphwhuv frqfhuqlqj �uvw

shulrg hqgrzphqw/ dedwhphqw frvw57 dqg wklug shulrg hqgrzphqwv iru vwdwh k

dqg q dv zhoo dv wkh vxemhfwlyh suredelolw| glvwulexwlrqv ri wzr gl�huhqw w|shv

duh

Sdudphwhuv 7/ � 7/k /qEf� /qE�� /qE2� w� w�

H{dpsoh 4 d, 83 43 83 53 63 75 e
�f

2
�f

H{dpsoh 4 e, 83 43 83 53 63 78 e
�f

�
�f

1

56Vhh Fruroodu| < lq Dsshqgl{ F1
57Uhfdoo wkdw � ghqrwhv dedwhphqw frvw phdvxuhg lq xqlwv ri wkh djjuhjdwh jrrg1



443 FKDSWHU 91 LOOXVWUDWLRQ

Fdofxodwlrq ri htxloleulxp uhjlrqv iru H{dpsoh 4

Iluvw ri doo/ pdujlqdo dedwhphqw frvw S dqg pdujlqdo dedwhphqw ehqh�wv

K� dqg K2/ doo wkuhh phdvxuhg lq xwlolw|/ fdq eh fdofxodwhg dffruglqj wr wkh

gh�qlwlrqv lq Vhfwlrq 814161 Qrwh wkdw iru wkh fdvh ri wzr frxqwulhv djjuhjdwh

dedwhphqw �@ fdq rqo| dvvxph wkh ydoxhv �@ ' fc �c 2� Wkhq/ lw lv hdv| wr yhuli|

wkdw wkh sdudphwhuv fkrvhq iru H{dpsoh 4 lqghhg vdwlvi| wkh dvvxpswlrqv lq

Vhfwlrq 8141

Wkh vhfrqg vwhs frqvlvwv ri wkh fdofxodwlrq ri vhfxulw| pdunhw htxloleulxp

iru doo srvvleoh ydoxhv ri djjuhjdwh dedwhphqw �@c l1h1 iru �@ ' fc �c 2� Jlyhq d

�{hg ohyho ri �@c hdfk w|sh*v ghpdqg iru vhfxulw| k fdq eh ghwhuplqhg dv d

ixqfwlrq ri wkh vhfxulw| sulfh ^� Wkh htxloleulxp sulfh iru vhfxulw| k lv ghulyhg

e| vhwwlqj djjuhjdwh ghpdqg58 iru vhfxulw| k htxdo wr }hur1

Wkh wklug vwhs lqyroyhv fdofxodwlqj wkh jdlqv iurp wudgh }f�@ iru hdfk w|sh

f dqg iru doo ydoxhv ri �@ dv zhoo dv wkh dgglwlrqdo dedwhphqw lqfhqwlyhv1 Wkh

jdlqv iurp wudgh duh jlyhq lq wkh iroorzlqj wdeoh1

Jdlqv iurp wudgh

H{dpsoh 4 d, H{dpsoh 4 e,
W|sh D +[@D, W|sh E +[@E, W|sh D +[@D, W|sh E +[@E,

}f2 ��SfSS ��e�2� f��e.S f����f

}f� ��SD�H ��eS�f f��S�b f��Df�

}ff ��SH.2 ��Df�e f��.e� f��S��

Uhfdoo wkdw e| gh�qlwlrq �jdlqv iurp wudgh� duh qrq0qhjdwlyh1 Dv srlqwhg

rxw deryh/ wkh jdlqv iurp wudgh duh ghfuhdvlqj lq djjuhjdwh dedwhphqw �@ iru

erwk w|shv erwk lq H{dpsoh 4 d, dqg lq H{dpsoh 4 e,1 Wkhuhiruh/ wkh

dgglwlrqdo dedwhphqw lqfhqwlyhv 7}f�?� dqg 7}f�J�?/ jlyhq lq wkh wdeoh ehorz/ duh

doo vpdoohu wkdq }hur1

58Vlqfh wkhuh fdq rqo| eh wudgh li wkh wzr frxqwulhv duh ri gl�huhqw w|shv/ djjuhjdwh
ghpdqg htxdov wkh vxp ri w|sh D ghpdqg dqg w|sh E ghpdqg1
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Dgglwlrqdo dedwhphqw lqfhqwlyhv

H{dpsoh 4 d, H{dpsoh 4 e,
W|sh D W|sh E W|sh D W|sh E

7}f�?� �f�f�De �f�fef� �f�f�f� �f�f��f
7}f�J�? �f�feD2 �f�fDf. �f�f�S� �f�f�.�

Ilqdoo|/ wkh htxloleulxp uhjlrqv iru wkh vwudwhj| sur�ohv fdq eh ghwhu0

plqhg dffruglqj wr Fruroodu| 5 dqg Fruroodulhv 9 wr ; iru xquhjxodwhg vhfx0

ulw| pdunhwv dqg dffruglqj wr Fruroodu| < zlwk uhjxodwlrq1 Fdofxodwlqj wkh

htxloleulxp uhjlrqv dprxqwv wr fkhfnlqj zklfk ri wkh fdvhv lq hdfk ri wkhvh

Fruroodulhv dssolhv dqg wkhq/ li qhfhvvdu|/ fdofxodwlqj wkh plvvlqj erxqgdu|

srlqwv ri wkh htxloleulxp uhjlrqv/ h1j1 R�-
2� ru R-���

Wkh uhvxowlqj htxloleulxp uhjlrqv iru H{dpsoh 4 d, dqg H{dpsoh 4 e, duh

gudzq lq Iljxuhv 91; dqg 91< ehorz1

Iljxuh 91;= Wkh htxloleulxp uhjlrqv iru H{dpsoh 4 d,1

Iljxuh 91<= Wkh htxloleulxp uhjlrqv iru H{dpsoh 4 e,1

Lqwhusuhwdwlrq ri H{dpsoh 4

Qrwh wkdw H{dpsoh 4 d, dqg H{dpsoh 4 e, rqo| gl�hu zlwk uhvshfw wr wzr ri

wkh sdudphwhuv1 Iluvwo|/ wkh vwdwh q hqgrzphqw iru �@ ' 2c /qE2�c lv odujhu
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lq H{dpsoh 4 e,1 Vhfrqgo|/ w|sh E*v suredelolw| iru vwdwh kc w�c lv odujhu lq

H{dpsoh 4 d,1 Dowkrxjk wkh sdudphwhuv lq H{dpsoh 4 d, dqg 4 e, duh yhu|

vlplodu/ wkh| ohdg wr gl�huhqw sdwwhuqv ri htxloleulxp uhjlrqv1 Lq H{dpsoh 4

d, wkh �uvw ri wkh wzr sdwwhuqv lq Wdeoh 914 hphujhv/ zkhuhdv H{dpsoh 4 e,

h{klelwv wkh vhfrqg sdwwhuq1

Ixuwkhu qrwh wkdw iru H{dpsoh 4 d, wkh jdlqv iurp wudgh59 duh jhqhudoo|

pxfk odujhu wkdq iru H{dpsoh 4 e,1 Lqwxlwlyho|/ wklv fdq eh h{sodlqhg dv

iroorzv1 Uhfdoo wkdw wkh frxqwulhv duh lghqwlfdo dsduw iurp wkh w|sh1 Wkhuhiruh

wkh gl�huhqfh ehwzhhq wkh wzr w|shv frqfhuqlqj wkhlu suredelolw| glvwulexwlrq

dfurvv wkh wzr folpdwh vwdwhv lv dq lpsruwdqw prwlyh iru wudgh lq folpdwh

vhfxulwlhv1 Lq H{dpsoh 4 d, wkh gl�huhqfh ehwzhhq w� dqg w� lv odujhu/ ohdglqj

wr odujhu jdlqv iurp wudgh wkdq lq H{dpsoh 4 e,1

Vlqfh xqghu d uhjlph ri uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv wkh jdlqv

iurp wudgh/ qrw wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv/ ghwhuplqh wkh

htxloleulxp uhjlrqv/ wklv dovr h{sodlqv zk| wkh h�hfw ri folpdwh vhfxulwlhv

xqghu uhjxodwlrq lv pxfk odujhu iru H{dpsoh 4 d,1 Zlwk uhjxodwhg vhfxulwlhv

wkh htxloleulxp uhjlrq iru wkh suhihuuhg vwudwhj| sur�oh @2 lv wkh xqlw lqwhuydo/

zkhuhdv wkh htxloleulxp uhjlrq iru vwudwhj| sur�oh @� lv uhgxfhg wr wkh lqwhuydo

dfc f��o� Lq H{dpsoh 4 e, wkh htxloleulxp uhjlrq iru vwudwhj| sur�oh @2 lv dovr

odujhu zlwk uhjxodwhg vhfxulwlhv wkdq iru wkh rwkhu wzr vfhqdulrv/ exw wkh

htxloleulxp uhjlrq iru vwudwhj| sur�oh @� lv vwloo wkh xqlw lqwhuydo1

Qrwh ixuwkhu wkdw zlwkrxw uhjxodwru| lqwhuyhqwlrq wkh htxloleulxp uhjlrq

iru vwudwhj| sur�oh @2 lv voljkwo| vpdoohu wkdq lq wkh devhqfh ri vhfxulwlhv

lq erwk H{dpsoh 4 d, dqg 4 e,1 Wklv lv gxh wr wkh h{shfwhg dgglwlrqdo

dedwhphqw lqfhqwlyhv/ lq sduwlfxodu 7}��?�/ ehlqj vpdoohu wkdq }hur15:

91516 Udpvh| xwlolw|

Qrz frqvlghu wkh xwlolw| ixqfwlrq

�E%� ' ��

%
iru % : fc +9154,

fdoohg �Udpvh| xwlolw|� khuh/ vlqfh wklv w|sh ri xwlolw| ixqfwlrq ruljlqdwhv lq

Udpvh| ^4<5;` dqg kdv vxevhtxhqwo| ehhq xvhg lq wkh vr0fdoohg �Udpvh|
59Vhh wdeoh deryh1
5:Vhh Fruroodu| 6 lq Vhfwlrq 914151
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jurzwk prgho1�5; Wkh frh!flhqw ri devroxwh ulvn dyhuvlrq lv -@E%� ' 2
%
/

lpso|lqj wkdw wkh xwlolw| ixqfwlrq lv fkdudfwhul}hg e| GDUD dqg/ vlqfh

-oE%� ' % � -@E%� ' 2c e| FUUD1

W|slfdo sdwwhuqv ri htxloleulxp uhjlrqv

Iru wkh Udpvh| xwlolw| ixqfwlrq wkh fdofxodwlrqv dovr vxjjhvw wkdw wkh jdlqv

iurp wudgh }f�@ ghfuhdvh zlwk djjuhjdwh dedwhphqw �@ iru erwk w|shv dqg wkh h{0

shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv duh wkhq vpdoohu wkdq }hur15< Wkhuh0

iruh/ lw vhhpv wkdw zh jhw wkh vdph h�hfwv dv iru h{srqhqwldo xwlolw| ixqfwlrqv

+fi1 Vhfwlrq 91515 deryh,1 Lq sduwlfxodu/ zh h{shfw wkh vdph wzr sdwwhuqv ri

htxloleulxp uhjlrqv ghslfwhg lq Wdeoh 914 wr hphujh1

H{dpsoh 5 +Udpvh| xwlolw|,

Ohw wkh xwlolw| ixqfwlrq eh dv gh�qhg lq +9154,1 Wkh sdudphwhuv frqfhuqlqj

�uvw shulrg hqgrzphqw/ dedwhphqw frvw dqg wklug shulrg hqgrzphqwv iru vwdwh

k dqg q dv zhoo dv wkh vxemhfwlyh suredelolw| glvwulexwlrqv ri wkh gl�huhqw w|shv

duh

Sdudphwhuv 7/ � 7/k /qEf� /qE�� /qE2� w� w�

H{dpsoh 5 d, Sf 2f Sf 2f 2D ef D
S

�
�

H{dpsoh 5 e, Sf 2f Sf 2f 2D ef 2
�

�
�

1

Wkh htxloleulxp uhjlrqv iru H{dpsoh 5 d, dqg H{dpsoh 5 e, duh gudzq lq

Iljxuhv 9143 dqg 9144 ehorz1 Edvlfdoo|/ wkh h�hfwv duh wkh vdph dv iru wkh

h{srqhqwldo w|sh ri xwlolw| ixqfwlrq lq Vhfwlrq 91515 deryh1 Vlqfh wkh Udpvh|

xwlolw| ixqfwlrq vdwlv�hv GDUD/ zkhuhdv wkh h{srqhqwldo xwlolw| ixqfwlrq vdw0

lv�hg FDUD wkh vlplodulw| ri wkh uhvxowv vxjjhvwv wkdw wkh gl�huhqfh ehwzhhq

GDUD dqg FDUD grhv qrw kdyh d vxevwdqwldo lpsdfw rq wkh vwuxfwxuh ri

wkh htxloleulxp uhjlrqv1

5;Lq wkh Udpvh| jurzwk prgho x+{, @ {4���4
4�� zlwk � A 3 d frqvwdqw1 Iru � @ 5 wkdw

|lhogv x+{, @ � 4
{
.4 zklfk fdq eh wudqviruphg lqwr +9154, e| d prqrwrqlf wudqvirupdwlrq1

5<Djdlq/ wkh frpsdudwlyh vwdwlfv zlwk uhvshfw wr djjuhjdwh dedwhphqw �d gr qrw |lhog
dq| jhqhudo uhvxowv1
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Iljxuh 9143= Wkh htxloleulxp uhjlrqv iru H{dpsoh 5 d,1

Iljxuh 9144= Wkh htxloleulxp uhjlrqv iru H{dpsoh 5 e,1

91517 Orjdulwkplf xwlolw|

Frqvlghu wkh qdwxudo orjdulwkp

�E%� ' *? % +9155,

dv yrq Qhxpdqq0Prujhqvwhuq xwlolw| ixqfwlrq1 Khuh wkh frh!flhqw ri de0

vroxwh ulvn dyhuvlrq lv -@E%� ' �
%
/ l1h1 wkh xwlolw| ixqfwlrq h{klelwv GDUD1

Pruhryhu/ -oE%� ' % � �
%
' �c lpso|lqj FUUD1 Uhfdoo wkdw wkh Udpvh|

xwlolw| ixqfwlrq dovr h{klelwhg GDUD dqg FUUD1 Krzhyhu/ wkh frh!flhqwv

-@E%� dqg -oE%� wkhpvhoyhv duh qrw wkh vdph iru wkh wzr ixqfwlrqv1 Lq sdu0

wlfxodu/ wkh orjdulwkplf xwlolw| ixqfwlrq lv xqlw0hodvwlf/ zkhuhdv wkh hodvwlflw|

ri wkh Udpvh| xwlolw| ixqfwlrq zdv htxdo wr 2�63 Wkh dqdo|vlv ehorz vxjjhvwv

wkdw wklv surshuw| kdv d ghflvlyh lpsdfw rq wkh uhvxowv1

Jdlqv iurp wudgh

Wkh orjdulwkplf xwlolw| ixqfwlrq vwdqgv rxw iurp wkh rwkhu xwlolw| ixqfwlrqv

dqdo|vhg/ ehfdxvh wkh jdlqv iurp wudgh gr qrw ghshqg rq djjuhjdwh dedwh0

63Uhfdoo wkdw wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq dovr uhsuhvhqwv wkh hodvwlflw| ri wkh
xwlolw| ixqfwlrq1
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phqw dv vkrzq lq wkh iroorzlqj Sursrvlwlrq1

Sursrvlwlrq ; +Jdlqv iurp wudgh iru orjdulwkplf xwlolw|,

Ohw wkh xwlolw| ixqfwlrq eh dv gh�qhg lq +9155, dqg ohw ? ' 2� Iru w� 9' w2

d, wkh jdlqv iurp wudgh gr qrw ghshqg rq djjuhjdwh dedwhphqw �@c l1h1

}ff ' }f� ' }f2 iru f ' �c�c dqg frqvhtxhqwo|

e, wkh dgglwlrqdo dedwhphqw lqfhqwlyhv duh }hur/ l1h1

7}f�?� ' f dqg 7}f�J�? ' f iru f ' �c�� +9156,

Wkh surri lv jlyhq lq Dsshqgl{ F1 Wkh uhvxow lq Sursrvlwlrq ; lv vxusulv0

lqj lq wkh vhqvh wkdw/ lq jhqhudo/ vhfxulw| pdunhw htxloleulxp dqg wkhuhiruh

dovr wkh jdlqv iurp wudgh ghshqg rq vwdwh q hqgrzphqwv/ lq sduwlfxodu/ rq

djjuhjdwh dedwhphqw �@1 Dowkrxjk vhfxulw| pdunhw htxloleulxp grhv ghshqg

rq wkh hqgrzphqwv lq wkh frqwh{w ri Sursrvlwlrq ; wkh| fdqfho rxw lq wkh

jdlqv iurp wudgh gxh wr wkh fkdudfwhulvwlf surshuwlhv ri wkh qdwxudo orjdulwkp1

W|slfdo sdwwhuqv ri htxloleulxp uhjlrqv

Vlqfh wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv ghwhuplqh wkh h�hfw ri

xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv rq wkh htxloleulxp uhjlrqv/ Sursr0

vlwlrq ; lpphgldwho| |lhogv64

Fruroodu| 8 +Htxloleulxp uhjlrqv zlwk xquhjxodwhg vhfxulwlhv,

Ohw wkh xwlolw| ixqfwlrq eh orjdulwkplf dqg ? ' 2� Wkhq wkh htxloleulxp uhjlrqv

iru xquhjxodwhg vhfxulw| pdunhwv duh lghqwlfdo wr wkh htxloleulxp uhjlrqv lq wkh

devhqfh ri vhfxulw| pdunhwv/ l1h1 wkh xqlw lqwhuydo iru vwudwhj| sur�oh @� dqg

wkh lqwhuydo dfc R2�o iru vwudwhj| sur�oh @2�

Zlwk uhjxodwlrq wkhuh duh qr shfxoldulwlhv frpsduhg wr wkh jhqhudo fdvh1

Wdeoh 915 vkrzv wkh wzr srvvleoh sdwwhuqv ri htxloleulxp uhjlrqv1

H{dpsoh 6 jlyhv d sdudphwhu frqvwhoodwlrq iru hdfk ri wkh wzr sdwwhuqv1

64Vhw �j[xql dqg �j[mrlq wr }hur iru [ @ D>E lq Fruroodu| 5 dqg Fruroodulhv 9 wr ;1
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Qr Vhfxulwlhv Xquhjxodwhg Vhfxulwlhv Uhjxodwhg Vhfxulwlhv
Sdwwhuq 4 Sdwwhuq 5

@� dfc �o dfc �o dfc R-��o dfc �o

@2 dfc R2�o dfc R2�o dfc �o dfc R-2�o

Wdeoh 915= Srvvleoh sdwwhuqv ri htxloleulxp uhjlrqv iru orjdulwkplf xwlolw| ixqf0

wlrqv1

H{dpsoh 6 +Orjdulwkplf xwlolw|,

Ohw wkh xwlolw| ixqfwlrq eh dv gh�qhg lq +9155,1 Wkh uhpdlqlqj sdudphwhuv

frqfhuqlqj hqgrzphqwv/ dedwhphqw frvw dqg dedwhphqw ehqh�wv dv zhoo dv wkh

vxemhfwlyh suredelolw| glvwulexwlrqv ri wkh gl�huhqw w|shv duh

Sdudphwhuv 7/ � 7/k /qEf� /qE�� /qE2� w� w�

H{dpsoh 6 d, 2f H 2f e S �2 �
e

�
H

H{dpsoh 6 e, 2f H 2f e S �2 �
e

�
e

�

Dv vkrzq lq Sursrvlwlrq ; wkh jdlqv iurp wudgh iru H{dpsoh 6/ jlyhq lq

wkh wdeoh ehorz/ gr qrw ghshqg rq djjuhjdwh dedwhphqw �@ zklfk fdq wdnh rq

wkh ydoxhv �@ ' fc �c 2�

Jdlqv iurp wudgh }��@ }��@

H{dpsoh 6 d, f�2 f�2�

H{dpsoh 6 e,65 f��� f���

Wkh jdlqv iurp wudgh duh odujhu iru H{dpsoh 6 d, wkdq iru H{dpsoh 6

e, vlqfh wkh gl�huhqfh ehwzhhq w� dqg w� lv odujhu lq H{dpsoh 6 d, wkdq lq

H{dpsoh 6 e,1 Wkh htxloleulxp uhjlrqv iru H{dpsoh 6 d, dqg H{dpsoh 6 e,

duh gudzq lq Iljxuhv 9145 dqg 9146 ehorz1

Qrwh wkdw dowkrxjk wkh sdudphwhuv iru H{dpsoh 6 d, dqg e, rqo| gl�hu lq

w|sh E*v suredelolw| iru vwdwh kc w�c wklv gl�huhqfh vx!fhv wr |lhog ixqgdphq0

wdoo| gl�huhqw sdwwhuqv ri htxloleulxp uhjlrqv iru hdfk ri wkh wzr sdudphwhu

vhwv1

65Iru H{dpsoh 6 e, wkh jdlqv iurp wudgh duh hyhq lghqwlfdo iru wkh wzr w|shv gxh wr
�D . �E @ 4> exw wkdw lv qrw d jhqhudo surshuw|1
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Iljxuh 9145= Wkh htxloleulxp uhjlrqv iru H{dpsoh 6 d,1

Iljxuh 9146= Wkh htxloleulxp uhjlrqv iru H{dpsoh 6 e,1

91518 Txdgudwlf Xwlolw|

Wkh xwlolw| ixqfwlrqv frqvlghuhg vr idu doo h{klelwhg hlwkhu ghfuhdvlqj ru frq0

vwdqw jdlqv iurp wudgh }f�@ zlwk uhvshfw wr djjuhjdwh dedwhphqw �@� Lq rughu wr

vkrz wkdw wkh jdlqv iurp wudgh fdq dovr eh lqfuhdvlqj lq djjuhjdwh dedwhphqw

�@ frqvlghu d txdgudwlf xwlolw| ixqfwlrq zlwk

�E%� ' b%� >%2 zkhuh bc > : f� +9157,

Wkh xvh ri d txdgudwlf xwlolw| ixqfwlrq pd| eh frqwuryhuvldo vlqfh wklv

w|sh ri xwlolw| ixqfwlrq h{klelwv lqfuhdvlqj devroxwh ulvn dyhuvlrq +LDUD,

gxh wr -@E%� ' %1 Frqfhuqlqj LDUD/ lw zdv dujxhg lq Vhfwlrq 91514 wkdw

lw lv frpprqo| djuhhg wkdw LDUD lv qrw xvxdoo| revhuyhg lq uhdolw|1 Rq

wkh rwkhu kdqg/ rqh ri wkh nh| dvvxpswlrqv lq wkh Fdslwdo Dvvhw Sulflqj

Prgho +FDSP, lv prwlydwhg e| d txdgudwlf xwlolw| ixqfwlrq1 Vshfl�fdoo|/

wkh FDSP dvvxphv wkdw h{shfwhg xwlolw| ghshqgv rqo| rq wkh phdq dqg

wkh yduldqfh ri frqvxpswlrq/ dq dvvxpswlrq zklfk fdq eh ghulyhg iurp dq

xqghuo|lqj txdgudwlf xwlolw| ixqfwlrq166

Luuhvshfwlyh ri zkhwkhu wkh dvvxpswlrq ri d txdgudwlf xwlolw| ixqfwlrq lv

frqvlghuhg dghtxdwh ru qrw/ wkh lqwhuhvwlqj srlqw khuh lv wkdw iru wklv w|sh

66Vhh Odiirqw ^4<;<`/ s1 44:1
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ri ixqfwlrq wkh jdlqv iurp wudgh kdyh gl�huhqw surshuwlhv wkdq iru doo wkh

ixqfwlrqv dqdo|vhg vr idu1

Hylghqfh iurp wkh h{dpsohv fdofxodwhg vwurqjo| vxjjhvwv wkdw/ lq frqwudvw

wr wkh uhvxowv iru doo wkh rwkhu xwlolw| ixqfwlrqv deryh/ wkh jdlqv iurp wudgh iru

rqh ri wkh w|shv duh lqfuhdvlqj lq djjuhjdwh dedwhphqw �@/ zkhuhdv wkh jdlqv

iurp wudgh iru wkh rwkhu w|sh ghfuhdvh lq �@� Wkhq/ wkh dgglwlrqdo dedwhphqw

lqfhqwlyhv iru wkh w|sh zlwk wkh lqfuhdvlqj jdlqv iurp wudgh zrxog eh odujhu

wkdq }hur/ zkhuhdv wkh dgglwlrqdo dedwhphqw lqfhqwlyhv iru wkh rwkhu w|sh

zrxog eh vpdoohu wkdq }hur1

Frqvhtxhqwo|/ vrph ri wkh fdvhv uxohg rxw e| qhjdwlyh dgglwlrqdo dedwh0

phqw lqfhqwlyhv iru wkh rwkhu h{dpsohv deryh +fi1 Fruroodulhv 5/ 9/ : dqg

;, fdq dulvh1 Wkh lpsolfdwlrqv iru wkh htxloleulxp uhjlrqv duh wkdw ixuwkhu

sdwwhuqv ehfrph srvvleoh lq dgglwlrq wr wkh sdwwhuqv vkrzq lq Wdeoh 9141

Ixuwkhupruh/ iru wkh wzr sdwwhuqv lq Wdeoh 914 wkh lqhtxdolw| R�-
2� : R2�

pljkw krog e| Fruroodu| 6 li wkh w|sh zlwk wkh lqfuhdvlqj jdlqv iurp wudgh

zhuh w|sh E167

91519 Vxppdu|

Zkhuhdv wkh ghulydwlrq dqg judsklf looxvwudwlrq ri wkh srwhqwldo htxloleulxp

uhjlrqv iru wkh fdvh ri wzr frxqwulhv lq Vhfwlrq 914 lpsuryhg wkh xqghuvwdqg0

lqj ri wkh jhqhudo dqdo|vlv lq Fkdswhu 8 d qxpehu ri rshq txhvwlrqv vwloo

uhpdlqhg1 Lq sduwlfxodu/ zlwk xquhjxodwhg vhfxulw| pdunhwv xs wr irxu gl�hu0

hqw fdvhv frxog dulvh iru hdfk ri wkh irxu vwudwhj| sur�ohv zlwk uhvshfw wr wkh

htxloleulxp uhjlrq1

Wkh h{dpsohv lq wklv Vhfwlrq vkrzhg wkdw wkh h{shfwhg dgglwlrqdo dedwh0

phqw lqfhqwlyhv fdq eh vpdoohu wkdq }hur1 Lq sduwlfxodu/ wkh| vxjjhvw wkdw iru

xwlolw| ixqfwlrqv vdwlvi|lqj GDUD ru FDUD wkh h{shfwhg dgglwlrqdo dedwh0

phqw lqfhqwlyhv dozd|v whqg wr eh vpdoohu wkdq }hur1 Wkhuhiruh/ wkh fdvh ri

qhjdwlyh dgglwlrqdo dedwhphqw lqfhqwlyhv vhhpv wr eh wkh pruh uhohydqw fdvh1

Srvlwlyh dgglwlrqdo dedwhphqw lqfhqwlyhv hphujhg rqo| iru wkh frqwuryhuvldo

fdvh ri txdgudwlf xwlolw| ixqfwlrqv/ vdwlvi|lqj LDUD/ dqg hyhq wkhq rqo| iru

rqh ri wkh wzr w|shv1 Wkh whqghqf| wrzdugv qhjdwlyh dgglwlrqdo dedwhphqw

67Wkhq �jExql A 3 zrxog krog1
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lqfhqwlyhv uxohv rxw doo exw rqh ri wkh irxu srvvleoh fdvhv olvwhg lq Vhfwlrq 914

iru xquhjxodwhg vhfxulwlhv1

Iru vhfxulw| pdunhwv vxemhfw wr uhjxodwlrq wkh h{dpsohv suryh wkdw lq

erwk Iljxuh 919 dqg Iljxuh 91: hdfk ri wkh wzr fdvhv ghslfwhg wkhuh fdq

dulvh1

Wdnlqj lqwr dffrxqw wkdw uhjxodwlrq ri pdunhwv iru folpdwh vhfxulwlhv lv

xqolnho| wr eh hvwdeolvkhg/ wkh hylghqfh iurp wkh h{dpsohv lv �edg qhzv�

lq wkh iroorzlqj vhqvh1 Zlwkrxw uhjxodwlrq vxfk pdunhwv vhhp wr surgxfh

dedwhphqw glvlqfhqwlyhv udwkhu wkdq dedwhphqw lqfhqwlyhv li LDUD lv qrw

dq dffhswdeoh dvvxpswlrq rq xwlolw| ixqfwlrqv1 Wkhq wkh suhihuuhg vwudwhj|

sur�oh @2 lv dq htxloleulxp iru d vpdoohu vhw ri hfrqrplhv wkdq lq wkh devhqfh

ri vxfk pdunhwv1

Frqfhuqlqj wkh fuxfldo idfwruv iru wkh uhvxowv lw vhhpv wkdw wkh gl�huhqfh

ehwzhhq GDUD dqg FDUD xwlolw| ixqfwlrqv kdv ohvv lpsdfw wkdq wkh xqlw

hodvwlflw| ri wkh orjdulwkplf xwlolw| ixqfwlrq1 Wklv lvvxh vkrxog eh d wrslf ri

ixuwkhu uhvhdufk1
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Fkdswhu :

H{whqvlrqv dqg olplwv ri wkh
lqfrpsohwh lqirupdwlrq
dssurdfk

Wklv fkdswhu vxssohphqwv wkh dqdo|vlv ri wkh lqfrpsohwh lqirupdwlrq ds0

surdfk suhvhqwhg lq Fkdswhuv 8 dqg 9 zlwk uhvshfw wr wzr lvvxhv1 Iluvwo|/ wkh

lqfrpsohwh lqirupdwlrq prgho lv h{whqghg wr wkh fdvh ri hqgrjhqrxv suredelo0

lwlhv lq Vhfwlrq :141 Vhfrqgo|/ Vhfwlrq :15 glvfxvvhv wkh fdvh ri khwhurjhqhrxv

frxqwulhv1

:14 H{whqvlrq wr hqgrjhqrxv suredelolwlhv

Lq Fkdswhuv 8 dqg 9 wkh suredelolw| glvwulexwlrqv dfurvv folpdwh vwdwhv/ zklfk

fkdudfwhul}hg wkh gl�huhqw w|shv/ zhuh dvvxphg wr eh h{rjhqrxv1 Krzhyhu/

dv dujxhg lq Fkdswhu 515/ folpdwh ulvn lv fohduo| dq hqgrjhqrxv ulvn/ l1h1 kx0

pdq dfwlylw|/ lq sduwlfxodu plwljdwlrq/ d�hfwv wkh ixwxuh folpdwh1 Wkhuhiruh

wklv vhfwlrq h{whqgv wkh edvlf prgho wr wkh fdvh ri hqgrjhqrxv folpdwh vwdwh

suredelolwlhv1

454
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:1414 Prghoolqj hqgrjhqlw| ri folpdwh vwdwh suredelol0
wlhv

Lq wkh iudphzrun ri wkh lqfrpsohwh lqirupdwlrq prgho lqwurgxfhg lq Fkdswhu

8 wkh qdwxudo zd| ri hqgrjhql}lqj wkh folpdwh vwdwh suredelolwlhv/ uhsuhvhqwhg

e| w� dqg w�c lv wr pdnh wkhp ghshqg rq djjuhjdwh �uvw shulrg dedwhphqw �@1

E| dvvxpswlrq/ �@ lv revhuydeoh wr doo frxqwulhv lqyroyhg1 Ehiruh zh fdq gh�qh

wkh hqgrjhqrxv suredelolwlhv dq dgglwlrqdo dvvxpswlrq rq wkh hqgrzphqwv

lv uhtxluhg1

Hqgrzphqwv

Uhfdoo wkdw vwdwh q hqgrzphqw /qE�@� lqfuhdvhv lq djjuhjdwh dedwhphqw �@ e|

dvvxpswlrq +815,1 Dvvxph lq dgglwlrq wkdw

7/k : /qE?�c +:14,

l1h1 wkh hqgrzphqw lq vwdwh k lv odujhu wkdq wkdw lq vwdwh q zkhq doo ? frxqwulhv

dedwh/ zklfk lv wkh odujhvw vwdwh q hqgrzphqw1 Wkhuhiruh hqgrzphqw lq

vwdwh k lv dozd|v odujhu wkdq hqgrzphqw lq vwdwh qc qr pdwwhu zkdw wkh

ohyho ri djjuhjdwh dedwhphqw �@ lv1 Wklv lv frqvlvwhqw zlwk wkh lqwhusuhwdwlrq

lq Vhfwlrq 81414 wkdw vwdwh k lv wkh �jrrg� vwdwh +qr folpdwh fkdqjh, dqg

vwdwh q wkh �edg� vwdwh +vhyhuh folpdwh fkdqjh,14 Wkh h{whqw ri wkh orvv ri

hqgrzphqw lq wkh edg vwdwh q fdq eh sduwldoo| plwljdwhg e| dedwhphqw/ exw

qhyhu frpsohwho|1

Hqgrjhqrxv suredelolwlhv

Ohw wf�@ +vkruw iru wfE�@�� ghqrwh wkh suredelolw| dwwulexwhg wr vwdwh k e| w|sh

f zkhq djjuhjdwh �uvw shulrg dedwhphqw lv �@ Ef ' �c��1 Wkh fruuhvsrqglqj

suredelolw| iru vwdwh q lv wkhq ��wf�@ � Lqwxlwlyho|/ wkh suredelolw| iru wkh jrrg

4Qrwh wkdw wkh lqwhusuhwdwlrq lv frpsdwleoh zlwk wkh ylhzv h{suhvvhg lq wkh odwhvw LSFF
Uhsruw/ fi1 LSFF ^5334e`/ wkdw wkh qhw joredo h�hfw ri folpdwh fkdqjh lv h{shfwhg wr eh
dq dgyhuvh rqh dv zduplqj lqfuhdvhv +fi1 Fkdswhu 51415,1 Vlqfh frxqwulhv duh lghqwlfdo lq
wklv prgho wkhuh lv qr vfrsh iru lqfoxglqj wkh uhjlrqdo gl�huhqfhv hpskdvl}hg lq Fkdswhu
5151
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vwdwh k vkrxog lqfuhdvh zlwk wkh djjuhjdwh dedwhphqw h�ruw �@� Wkhuhiruh/

dvvxph wkdw wf�@ lv lqfuhdvlqj lq �@/ l1h1

wff 	 wf� 	 ��� 	 wf?3� 	 wf? f ' �c�� +:15,

Wkh qdwxudo jhqhudol}dwlrq ri wkh iruphu dvvxpswlrq w� : w� lv wr dvvxph

w��@ : w��@ iru doo �@� +:16,

Lqfuhphqwv ri hqgrjhqrxv suredelolwlhv

Wkh lqfuhphqw lq wkh suredelolw| dwwulexwhg wr folpdwh vwdwh k e| w|sh f/ li

�@ frxqwulhv dedwh lqvwhdg ri �@� �c lv ghqrwhg e|

{f
�@ G' wf�@ � wf�@3� iru f ' �c� dqg �@ ' �c ���c ?� +:17,

E| dvvxpswlrq +:15, {f
�@ : f krogv iru f ' �c� dqg �@ ' �c ���c ?�

Dvvxpswlrqv rq pdujlqdo dedwhphqw frvw dqg pdujlqdo ehqh�wv

Edvlfdoo|/ wkh dvvxpswlrqv pdgh lq Vhfwlrq 814 duh pdlqwdlqhg1 Krzhyhu/

wkh| kdyh wr eh dgdswhg wr wkh qhz iudphzrun dv iroorzv1 Dvvxpswlrq +818,/

e| zklfk wkhuh zdv qr lqfhqwlyh iru xqlodwhudo dedwhphqw/ lv uhsodfhg e|

E�� w�f �K� 	 S� +:18,

Dvvxpswlrq +:18, lpsolhv wkdw li wkh suredelolw| w�f vwd|hg frqvwdqw/ w|sh E

zrxog kdyh qr lqfhqwlyh iru xqlodwhudo dedwhphqw1 Wkh vdph/ l1h1 E��w�f �K� 	
S/ krogv wuxh iru w|sh D e| dvvxpswlrq +:16,1

Dvvxpswlrq +819,/ e| zklfk vwudwhj| u zdv d grplqdqw vwudwhj| iru w|sh

D/ lv uhsodfhg e|

E�� w��@3��K�@ 	 S iru doo �@ ' �c ���c ?c +:19,

zklfk lv vlpso| wkh jhqhudol}hg yhuvlrq ri dvvxpswlrq +819,1 Dvvxpswlrq

+:19, lv dovr irupxodwhg iru wkh k|srwkhwlfdo fdvh ri wkh suredelolw| uhpdlqlqj

frqvwdqw1

Vlploduo|/ dvvxpswlrq +81:,/ hqvxulqj wkdw u lv qrw d grplqdqw vwudwhj|

iru w|sh E dv zhoo/ lv uhsodfhg1 Dvvxph wkdw wkhuh h{lvwv dq 	= 5 i2c ���c ?j
vdwlvi|lqj

E�� w�	=3��K	= : S� +:1:,
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Wrwdo xwlolw|

Zlwkrxw pdunhwv iru folpdwh vhfxulwlhv/ wrwdo xwlolw| iru frxqwu| � fdq eh

zulwwhq dv5

L�Ew�c @�Ew��( �@E@Ew��� ' �SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K
@Kr
�@ +:1;,

zkhuh SE@�Ew��� lv gh�qhg dv lq Vhfwlrq 815 dqg zkhuh

7�Ew�c �@� G' w��@�E7/
k� n E�� w��@��E7/

q� +:1<,

lv wkh h{shfwhg xwlolw| ghulyhg iurp wkh plqlpxp hqgrzphqwv 7/k dqg 7/q

zhljkwhg zlwk suredelolwlhv dvvrfldwhg zlwk w|sh w� dqg edvhg rq dq djjuhjdwh

dedwhphqw ri �@�

Qrwh wkdw e| wkh gh�qlwlrq ri {f
�@ lq +:17,

7�Ewf c �@�� 7�Ewfc �@� �� ' {f
�@ d�E7/

k�� �E7/q�o +:143,

iru �@ ' �c ���c ? dqg f ' �c��

:1415 Qr Vhfxulw| Pdunhwv

Wklv vhfwlrq fkdudfwhul}hv wkh Ed|hvldq htxloleuld ri wkh Ed|hvldq Jdph lq0

gxfhg e| wkh xwlolw| ixqfwlrqv lq +:1;, lq wkh devhqfh ri pdunhwv iru folpdwh

vhfxulwlhv1 Lq dqdorj| wr Sursrvlwlrq 6 wkh htxloleulxp frqglwlrqv iru wkh

vwudwhj| sur�ohv duh jlyhq lq Sursrvlwlrq <1

Sursrvlwlrq <

d, Vwudwhj| sur�oh @� +�qr dedwhphqw�, lv d Ed|hvldq Qdvk Htxloleulxp/

li dqg rqo| li

E�� wff �K� n{f
�

�
�E7/k�� �E/qE���

� � S iru f ' �c�� +:144,

5Olnh lq Fkdswhu 8 wkh qrupdol}dwlrq x+ �z, @ 3 kdv ehhq dssolhg1 Qrwh wkdw �x+�l> �d,

fdqqrw eh rplwwhg khuh dv grqh iru vlpsolflw| lq Fkdswhu 815 vlqfh wklv h{suhvvlrq qrz
ghshqgv rq �d=
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e, Vwudwhj| sur�oh @2 +�w|sh0frqvlvwhqf|�, lv d Ed|hvldq Qdvk Htxloleulxp/

li dqg rqo| li

?3�[
&'f

R&
�
E�� w�?3&3��K?3& n{�

?3&

�
�E7/k�� �E/qE?� &��

��
� S +:145,

�
?3�[
&'f

R&
�
E�� w�?3&3��K?3& n{�

?3&

�
�E7/k�� �E/qE?� &��

��
zkhuh R& lv djdlq wkh elqrpldo frh!flhqw zlwk uhvshfw wr ?� � gh�qhg

lq +8155,1

f, Vwudwhj| sur�oh @� +�dozd|v dedwh�, lv d Ed|hvldq Qdvk Htxloleulxp/ li

dqg rqo| li

E�� wf?3��K? n{f
?

�
�E7/k�� �E7/qE?��

� � S iru f ' �c�� +:146,

g, Vwudwhj| sur�oh @e +�w|sh0lqfrqvlvwhqf|�, lv d Ed|hvldq Qdvk Htxlole0

ulxp/ li dqg rqo| li

?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�

�
�E7/k�� �E/qE& n ���

��
� S +:147,

�
?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�

�
�E7/k�� �E/qE& n ���

��
�

Wkh surri lv jlyhq lq Dsshqgl{ G1 Qdwxudoo|/ wkh lqhtxdolwlhv iru vwudw0

hj| sur�ohv @� dqg @2 lq Sursrvlwlrq < vwurqjo| uhvvhpeoh wkh fruuhvsrqglqj

lqhtxdolwlhv lq Sursrvlwlrq 61 Wkh rqo| gl�huhqfh lv wkh vhfrqg h{suhvvlrq lq

hdfk lqhtxdolw| zklfk dulvhv iurp wkh hqgrjhqlw| ri suredelolwlhv1

Iluvw/ wdnh d forvhu orrn dw wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh

@� lq +:144,1 Wkh �uvw whup lq wkh lqhtxdolwlhv/ E� � wff �K�c lv wkh lqfhqwlyh

iru xqlodwhudo dedwhphqw iru w|sh fc jlyhq wkdw qrerg| hovh dedwhv/ l1h1 xvlqj

wff dv suredelolw| iru vwdwh k� Wklv �uvw whup uhsuhvhqwv rqo| wkh h{shfwhg

ehqh�wv dulvlqj gluhfwo| iurp dedwhphqw/ exw grhv qrw lqfoxgh wkh lqgluhfw

h�hfw dulvlqj iurp wkh lqfuhdvh lq wkh suredelolw| wkurxjk dedwhphqw1
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Wklv lqgluhfw h�hfw lv uhsuhvhqwhg e| wkh vhfrqg h{suhvvlrq lq +:144,1

{f
� d�E7/

k���E/qE���o lv wkh h{shfwhg dgglwlrqdo xwlolw| iru w|sh f iurp xql0

odwhudo dedwhphqw dulvlqj lqgluhfwo| wkurxjk wkh lqfuhphqw ri wkh suredelolw|

iru vwdwh k� Xwlolw| iurp vwdwh q hqwhuv zlwk d qhjdwlyh vljq vlqfh dq lqfuhdvh

lq wkh suredelolw| wff lv htxlydohqw wr d ghfuhdvh lq wkh suredelolw| �� wff �

Qrwh wkdw e| dvvxpswlrqv +:14, dqg +:15, wkh lqgluhfw h�hfw lv dozd|v

odujhu wkdq }hur1 Wkhuhiruh lw kdv wkh vdph h�hfw dv dq lqfuhdvh lq h{shfwhg

pdujlqdo dedwhphqw ehqh�wv1 Vlqfh dedwhphqw frvw lv qrw d�hfwhg e| hqgrj0

hql}dwlrq ri wkh suredelolwlhv wkh lqhtxdolwlhv lq +:144, ehfrph vwulfwhu frp0

sduhg wr wkh fruuhvsrqglqj lqhtxdolwlhv iru h{rjhqrxv suredelolwlhv16 Wkhuh0

iruh/ h{solflwho| wdnlqj lqwr dffrxqw wkh srvlwlyh h�hfw ri dedwhphqw rq wkh

suredelolw| ri wkh �jrrg� vwdwh vwuhqjwkhqv wkh xqlodwhudo dedwhphqw lqfhq0

wlyh iru erwk w|shv/ zhdnhqlqj wkh fdvh iru wkh �qhyhu dedwh� vwudwhj| @��

Qrz wxuq wr wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @2� Frqfhuqlqj

wkh ghfrpsrvlwlrq lqwr wkh gluhfw dqg wkh lqgluhfw h�hfw ri dedwhphqw wkh

vwuxfwxuh ri wkh wzr lqhtxdolwlhv lq +:145, lv vlplodu wr wkdw ri wkh lqhtxdolwlhv

lq +:144,1 Wkh gl�huhqfh lv wkdw lq +:145, doo rwkhu frxqwulhv duh dvvxphg

wr ehkdyh dffruglqj wr vwudwhj| sur�oh @2 vr wkdw wkh qxpehu ri frxqwulhv

dedwlqj ghshqgv rq wkh w|sh sur�oh w dqg/ wkhuhiruh/ h{shfwdwlrqv kdyh wr

eh wdnhq zlwk uhvshfw wr wkh w|shv ri wkh rwkhu ?� � frxqwulhv1

Vlqfh wkh lqgluhfw h�hfw {f
?3&d�E7/

k���E/qE?�&��o lv dozd|v odujhu wkdq

}hur iru doo &c wkh h{shfwhg lqgluhfw h�hfw
S?3�

&'f R&{
f
?3&d�E7/

k���E/qE?�&��o
lv dovr odujhu wkdq }hur1 Wklv pdnhv wkh �uvw lqhtxdolw| +iru w|sh �� lq

+:145, vwulfwhu wkdq wkh fruuhvsrqglqj lqhtxdolw| iru h{rjhqrxv suredelolwlhv

lq +8154,/ exw uhod{hv wkh vhfrqg lqhtxdolw| +iru w|sh �� lq +:145, uhodwlyh wr

+8154,1 Djdlq/ hqgrjhqlw| ri suredelolwlhv kdv wkh vdph h�hfw dv dq lqfuhdvh

lq dedwhphqw ehqh�wv1

Lq frqwudvw wr wkh fdvh zlwk h{rjhqrxv suredelolwlhv/ vwudwhj| sur�ohv @�

dqg @e fdq dovr/ lq sulqflsoh/ eh htxloleuld zkhq folpdwh vwdwh suredelolwlhv

duh hqgrjhqrxv1 Uhfdoo wkdw zlwk h{rjhqrxv suredelolwlhv/ vwudwhj| sur�oh @�

zdv uxohg rxw dv dq htxloleulxp e| dvvxpswlrq +819, dqg iru vwudwhj| sur�oh

@e wkh wzr htxloleulxp frqglwlrqv frqwudglfwhg hdfk rwkhu1 Li wkh lqgluhfw

h�hfw lv odujh hqrxjk wr frpshqvdwh wkh h�hfwv ruljlqdoo| uxolqj rxw @� dqg

6Fi1 lqhtxdolw| +8153, lq Sursrvlwlrq 61
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@ec wkhvh vwudwhj| sur�ohv fdq eh htxloleuld1

Lq frpsdulvrq wr wkh fdvh ri h{rjhqrxv suredelolwlhv dedwhphqw lv uhq0

ghuhg pruh dwwudfwlyh zkhq folpdwh vwdwh suredelolwlhv duh hqgrjhqrxv1 Wklv

lv qrw vxusulvlqj/ vlqfh dedwhphqw lv qrz uhzdughg lq wzr gl�huhqw zd|v1 Lq

dgglwlrq wr wkh ehqh�wv lq whupv ri d kljkhu hqgrzphqw lq vwdwh q wkhuh lv

dovr wkh lqfuhdvh lq suredelolw| iru vwdwh k/ wkh �jrrg� vwdwh1

:1416 Xquhjxodwhg vhfxulw| pdunhwv

Zlwk xquhjxodwhg pdunhwv iru folpdwh vhfxulwlhv xwlolw| iru frxqwu| � fdq eh

zulwwhq dv

L�-
� Ew�c @�Ew��( �@E@Ew��� '

;AAA?
AAA=
�SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K

@Kr
�@

n}Ew�c ?�Ew�( �@�c li f 	 ?�Ew� 	 ?

�SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K
@Kr
�@ c

li ?�Ew� ' fc ?

+:148,

zkhuh wkh jdlqv iurp wudgh }Ew�c ?�Ew�( �@� duh gh�qhg dv lq +8156,1 Wkh xwlolw|

ixqfwlrqv lq +:148, gl�hu iurp wkrvh iru h{rjhqrxv suredelolwlhv lq +8157,

rqo| e| wkh dgglwlrqdo h{suhvvlrq 7�Ew�c �@�� Wkh htxloleulxp frqglwlrqv iru

wkh Ed|hvldq Jdph lqgxfhg e| wkh xwlolw| ixqfwlrqv lq +:148, duh jlyhq lq

Sursrvlwlrq 43 ehorz1

Sursrvlwlrq 43

d, Vwudwhj| sur�oh @� +�qr dedwhphqw�, lv d Ed|hvldq Qdvk Htxloleulxp/

li dqg rqo| li

E�� wff �K� n{f
� d�E7/

k�� �E/qE���o n }f�?�ER� � S +:149,

zkhuh }f�?�ER� lv gh�qhg dv lq Vhfwlrq 81615 iru f ' �c��

e, Vwudwhj| sur�oh @2 +�w|sh0frqvlvwhqf|�, lv d Ed|hvldq Qdvk Htxloleulxp/
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li dqg rqo| li

?3�[
&'f

�
R&E�� w�?3&3��K?3& n{�

?3&d�E7/
k�� �E/qE?� &��o

�
n}�SJ?ER� +:14:,

� S

�
?3�[
&'f

R&
�
E�� w�?3&3��K?3& n{�

?3&

�
�E7/k�� �E/qE?� &��

��
n}�SJ?ER� +:14;,

zkhuh R& lv djdlq wkh elqrpldo frh!flhqw zlwk uhvshfw wr ?� � gh�qhg

lq +8155, dqg }�SJ?ER� dqg }
�
SJ?ER� duh gh�qhg dv lq Vhfwlrq 816151

f, Vwudwhj| sur�oh @� +�dozd|v dedwh�, lv d Ed|hvldq Qdvk Htxloleulxp/ li

dqg rqo| li

E�� wf?3��K? n{f
? d�E7/

k�� �E7/qE?��o n }f�J�?ER� � S +:14<,

iru f ' �c� zkhuh }f�J�?|ER� lv gh�qhg dv lq Vhfwlrq 816151

g, Vwudwhj| sur�oh @e +�w|sh0lqfrqvlvwhqf|�, lv d Ed|hvldq Qdvk Htxlole0

ulxp/ li dqg rqo| li

?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�d�E7/
k�� �E/qE& n ���o

�
n }��?SER�

� S +:153,

�
?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�d�E7/
k�� �E/qE& n ���o

�
n }��?SER�

zkhuh }��?SER� dqg }
�
�?SER� duh gh�qhg dv lq Vhfwlrq 816151

Wkh surri lv jlyhq lq Dsshqgl{ G1 Wkh htxloleulxp frqglwlrqv lq Sursr0

vlwlrq 43 fdq eh lqwhusuhwhg erwk lq frpsdulvrq wr wkrvh lq Sursrvlwlrq <

+htxloleulxp frqglwlrqv lq wkh devhqfh ri vhfxulw| pdunhwv zlwk hqgrjh0
qrxv suredelolwlhv, dqg lq frpsdulvrq wr wkrvh lq Sursrvlwlrq 8 +htxloleulxp

frqglwlrqv iru xquhjxodwhg vhfxulwlhv zlwk h{rjhqrxv suredelolwlhv,1
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Lq frpsdulvrq wr Sursrvlwlrq < hdfk ri wkh htxloleulxp frqglwlrqv lq0

foxghv dq dgglwlrqdo h{suhvvlrq/ h1j1 }f�?�ER�c zklfk uhsuhvhqwv wkh h{shfwhg

dgglwlrqdo dedwhphqw lqfhqwlyh jhqhudwhg e| vhfxulw| pdunhwv1 Wkhvh dggl0

wlrqdo whupv lq wkh htxloleulxp frqglwlrqv duh h{dfwo| wkh vdph h{suhvvlrqv

dv lq wkh fruuhvsrqglqj lqhtxdolwlhv zlwk h{rjhqrxv suredelolwlhv1 Lq sduwlf0

xodu/ wkh vljq ri wkh h{shfwhg dgglwlrqdo dedwhphqw lqfhqwlyhv lv dpeljxrxv

vr wkdw wkh| pd| ghwhu frxqwulhv iurp dedwlqj1 Dsduw iurp wkh lqlwldo vlwxd0

wlrq +fkdudfwhul}hg lq Sursrvlwlrq <, ehlqj d gl�huhqw rqh zkhq suredelolwlhv

duh hqgrjhqrxv wkh h�hfw ri lqwurgxflqj pdunhwv iru folpdwh vhfxulwlhv zlwk

hqgrjhqrxv suredelolwlhv lv wkh vdph dv zlwk h{rjhqrxv suredelolwlhv1

Lq frpsdulvrq wr Sursrvlwlrq 8 hqgrjhqrxv suredelolwlhv djdlq jlyh ulvh

wr dq dgglwlrqdo whup/ h1j1 {�
� d�E7/

k�� �E/qE���oc lq hdfk ri wkh htxloleulxp

frqglwlrqv zklfk uh hfwv wkh lqgluhfw h�hfw ri dedwhphqw rq h{shfwhg xwlo0

lw|1 Dv dujxhg deryh lq wkh dqdo|vlv ri Sursrvlwlrq </ dedwhphqw lv pruh

dwwudfwlyh zkhq suredelolwlhv duh hqgrjhqrxv vlqfh lw lv uhzdughg wzr0irog1

Qrwh wkdw jlyhq wkh dgglwlyh vwuxfwxuh ri wkh xwlolw| ixqfwlrq lq +:148, dqg

wkh sulru dqdo|vlv lq Vhfwlrqv 816 dqg :1415 wkh uhvxowv lq wklv vhfwlrq duh qrw

dw doo vxusulvlqj1

:1417 Uhjxodwhg vhfxulw| pdunhwv

Wudgh lq folpdwh vhfxulwlhv lv qrz uhjxodwhg lq wkh vdph zd| dv lq Vhfwlrq 817

vr wkdw jdlqv iurp wudgh duh rqo| ihdvleoh iru frxqwulhv zlwk d w|sh0frqvlvwhqw

dedwhphqw ghflvlrq lq wkh �uvw shulrg1

Uhfdoo iurp Vhfwlrq 81715 wkdw iru d jlyhq w|sh sur�oh w dqg vwudwhj|

sur�oh @ zh ghqrwh e| LEwc @� wkh vhw ri frxqwulhv wkdw fdqqrw ehqh�w iurp
vhfxulw| wudglqj1 Wkh vhw ri frxqwulhv srwhqwldoo| sduwlflsdwlqj lq vhfxulw|

wudglqj lv Q-Ewc @�� Krzhyhu/ li wkh frxqwulhv ehorqjlqj wr Q-Ewc @� duh doo

ri wkh vdph w|sh/ l1h1 li ?-�Ewc @� htxdov hlwkhu }hur ru ?-Ewc @�c wkhuh lv qr

wudgh lq htxloleulxp1 Lq dqdorj| wr +8167, frxqwu| �*v xwlolw| zlwk uhjxodwhg
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pdunhwv iru folpdwh vhfxulwlhv fdq eh zulwwhq dv

L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� '

;AAAAAAAAAAA?
AAAAAAAAAAA=

�SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K
@Kr
�@ c

li � 5 LEwc @�
�SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K

@Kr
�@ c

li � 5 Q-Ewc @� dqg ?-�Ewc @� ' fc ?-Ewc @�

�SE@�Ew��� n 7�Ew�c �@� n E�� w��@�K
@Kr
�@

n}-Ew�c ?
-
�c ?

-
�( �@�c

li � 5 Q-Ewc @� dqg f 	 ?-�Ewc @� 	 ?-Ewc @�

+:154,

zkhuh wkh jdlqv iurp wudgh }-Ew�c ?-�c ?
-
�( �@� duh gh�qhg dv lq +8166,1

Wkh htxloleulxp frqglwlrqv iru wkh Ed|hvldq Jdph lqgxfhg e| wkh xwlolw|

ixqfwlrqv lq +:154, duh jlyhq lq Sursrvlwlrq 44 ehorz1

Sursrvlwlrq 44

d, Vwudwhj| sur�oh @� lv d Ed|hvldq Qdvk Htxloleulxp/ li dqg rqo| li

E�� w�f �K� n{�
� d�E7/

k�� �E/qE���o � S� +:155,

E�� w�f �K� n{�
� d�E7/

k�� �E/qE���o n o��?�ER� � S +:156,

zkhuh o��?�ER� lv gh�qhg dv lq Vhfwlrq 8171

e, Vwudwhj| sur�oh @2 lv d Ed|hvldq Qdvk Htxloleulxp/ li dqg rqo| li

?3�[
&'f

�
R&E�� w�?3&3��K?3& n{�

?3&d�E7/
k�� �E/qE?� &��o

�
�o�SJ?ER� +:157,

� S

�
?3�[
&'f

�
R&E�� w�?3&3��K?3& n{�

?3&d�E7/
k�� �E/qE?� &��o

�
no�SJ?ER� +:158,

zkhuh o�SJ?ER� dqg o
�
SJ?ER� duh gh�qhg dv lq Vhfwlrq 8171

f, Vwudwhj| sur�oh @� lv d Ed|hvldq Qdvk Htxloleulxp/ li dqg rqo| li

E�� wf?3��K? n{f
? d�E7/

k�� �E7/qE?��o n of�J�?ER� � S +:159,
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iru f ' �c� zkhuh

o��J�?ER� G'
?32[
&'f

R&}
-Ew�c �c ?� �� &(?� ��

dqg o��J�?ER� G'
?3�[
&'�

R&}
-Ew�c �c ?� �� &(?� ���

g, Vwudwhj| sur�oh @e lv d Ed|hvldq Qdvk Htxloleulxp/ li dqg rqo| li

?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�d�E7/
k�� �E/qE& n ���o

�
� S +:15:,

�
?3�[
&'f

R&
�
E�� w�& �K&n� n{�

&n�d�E7/
k�� �E/qE& n ���o

�

Wkh surri/ jlyhq lq Dsshqgl{ G/ lv dqdorjrxv wr wkdw ri Sursrvlwlrqv

9 dqg 43 dqg wkh vwuxfwxuh ri wkh htxloleulxp frqglwlrqv uhvvhpeohv wkdw

douhdg| revhuyhg lq Sursrvlwlrqv < dqg 431

Uhodwlyh wr wkh fruuhvsrqglqj htxloleulxp frqglwlrqv lq wkh devhqfh ri

vhfxulwlhv +fi1 Sursrvlwlrq <, wkh vdph h{shfwhg jdlqv iurp wudgh h{suhvvlrqv

dv lq Vhfwlrq 817/ o��?�ER�c o
�
SJ?ER� dqg o�SJ?ER�c dsshdu lq dgglwlrq iru vwudwhj|

sur�ohv @� dqg @21 Vlqfh wkh h{shfwhg jdlqv iurp wudgh duh dozd|v odujhu wkdq

}hur/ lqhtxdolw| +:156, ehfrphv vwulfwhu wkdq wkh fruuhvsrqglqj lqhtxdolw| lq

wkh devhqfh ri vhfxulw| pdunhwv lq +:144,/ zkhuhdv +:158, grhv qrw fkdqjh1

Erwk +:157, dqg +:158, duh vodfnhqhg e| wkh jdlqv iurp wudgh uhodwlyh wr wkh

lqhtxdolwlhv lq +:145,1

Lq frqwudvw wr wkh fdvh ri h{rjhqrxv suredelolwlhv zlwk uhjxodwhg vhfxulw|

pdunhwv +fi1 Sursrvlwlrq 9, vwudwhj| sur�ohv @� dqg @e fdq qrz eh htxloleuld1

Wklv lv wkh fdvh vlqfh lq hdfk ri wkh htxloleulxp frqglwlrqv wkh dgglwlrqdo

h{suhvvlrqv dulvlqj iurp hqgrjhqlw| ri suredelolwlhv dsshdu17 Ghshqglqj rq

wkhlu vl}h/ wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�ohv @� dqg @e pd| eh

vdwlv�hg1

7Lqhtxdolwlhv +:155, wr +:157, ehfrph vwulfwhu/ uhgxflqj wkh lqfhqwlyh wr fkrvh vwudwhj|
O> zkhuhdv +:158, lv vodfnhqhg/ lqfuhdvlqj wkh lqfhqwlyh wr fkrvh K=
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Olnh lq wkh fdvh ri h{rjhqrxv suredelolwlhv uhjxodwhg vhfxulw| pdunhwv

jhqhudwh d whqghqf| wrzdugv vwudwhj| sur�oh @2 iru zklfk wkh htxloleulxp

frqglwlrqv duh vodfnhqhg zkhuhdv wkrvh iru vwudwhj| sur�oh @� ehfrph vwulfwhu1

:1418 Vxppdu|

E| frpsdulvrq ri wkh wkuhh vfhqdulrv xqghu frqvlghudwlrq lw lv hylghqw wkdw

zlwk hqgrjhqrxv suredelolwlhv iru folpdwh vwdwhv dedwhphqw lv uhqghuhg pruh

dwwudfwlyh wkdq zlwk h{rjhqrxv suredelolwlhv1 Dedwhphqw ehqh�wv duh lq0

fuhdvhg e| wkh lqgluhfw h�hfw iurp dedwhphqw {f
�@ d�E7/

k� � �E/qE�@��o zklfk

lv dozd|v odujhu wkdq }hur1

Wklv kdv wzr gl�huhqw lpsolfdwlrqv1 Rq wkh rqh kdqg/ wkh vkliw iurp

wkh �qhyhu dedwh� htxloleulxp @� wr wkh �w|sh0frqvlvwhqw� htxloleulxp @2

revhuyhg lq wkh prgho zlwk h{rjhqrxv suredelolwlhv lv uhlqirufhg zkhq folpdwh

vwdwh suredelolwlhv duh hqgrjhqrxv1 Rq wkh rwkhu kdqg/ gxh wr wkh dgglwlrqdo

lqgluhfw h�hfw ri dedwhphqw/ vwudwhj| sur�ohv @� dqg @e fdq/ lq sulqflsoh/ dovr

eh htxloleuld lq wkh devhqfh ri vhfxulwlhv dqg zlwk uhjxodwhg vhfxulw| pdunhwv1

Wklv |lhogv d e| idu odujhu udqjh ri srvvleoh frqvwhoodwlrqv hyhq wkrxjk wkh

vljq ri wkh lqgluhfw h�hfw lv dozd|v srvlwlyh1

:15 Khwhurjhqhrxv frxqwulhv

Wklv vhfwlrq glvfxvvhv wkh sureohpv wkdw dulvh zkhq frxqwulhv duh khwhurjh0

qhrxv1 Uhfdoo wkdw zlwklq wkh iudphzrun ri wkh lqfrpsohwh lqirupdwlrq prgho

lw zdv dvvxphg wkdw frxqwulhv fdq rqo| gl�hu e| wkhlu w|sh1 Wkh w|sh fruuh0

vsrqgv wr wkhlu suredelolw| glvwulexwlrq8 dfurvv folpdwh vwdwhv1 Frxqwulhv duh

lghqwlfdo zlwk uhvshfw wr doo rwkhu fkdudfwhulvwlfv1

8Iru vlpsolflw|/ suredelolw| glvwulexwlrqv duh dvvxphg wr eh h{rjhqrxv djdlq lq wklv
vhfwlrq1
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:1514 Khwhurjhqlw| zlwk uhvshfw wr �uvw shulrg sdudp0
hwhuv

Frqfhuqlqj wkh �uvw shulrg sdudphwhuv/ h1j1 �uvw shulrg hqgrzphqw / dqg

dedwhphqw frvw � dv zhoo dv wkh xwlolw| ixqfwlrq lq wkh �uvw shulrg/ lw lv

qrw hvvhqwldo iru wkh uhvxowv wkdw frxqwulhv eh lghqwlfdo1 Vlplodu exw pruh

frpsolfdwhg uhvxowv fdq eh ghulyhg zkhq frxqwulhv duh khwhurjhqhrxv zlwk

uhvshfw wr wkh �uvw shulrg sdudphwhuv1 Wkh dvvxpswlrq ri frxqwulhv ehlqj

lghqwlfdo zlwk uhvshfw wr wkh �uvw shulrg sdudphwhuv zdv rqo| lqfoxghg iru

vlpsolflw| ri qrwdwlrq dqg h{srvlwlrq1

:1515 Khwhurjhqlw| zlwk uhvshfw wr vhfrqg dqg wklug
shulrg sdudphwhuv

Zlwk uhvshfw wr wkh vhfrqg dqg wklug shulrg sdudphwhuv lw ghshqgv rq wkh

vfhqdulr xqghu frqvlghudwlrq zkhwkhu vlplodu uhvxowv frxog eh ghulyhg iru khw0

hurjhqhrxv frxqwulhv1 Iru wkh ehqfkpdun vfhqdulr zlwkrxw vhfxulw| pdunhwv

dqg iru wkh vfhqdulr zlwk xquhjxodwhg vhfxulw| pdunhwv wkh vdph dqdo|vlv dv

deryh frxog/ lq sulqflsoh/ eh dssolhg wr d vhwwlqj zlwk khwhurjhqhrxv frxq0

wulhv1

Krzhyhu/ iru wkh vfhqdulr zlwk uhjxodwlrq ri wudgh lq folpdwh vhfxulwlhv

dqdo|vhg lq Vhfwlrq 81714 lw lv fuxfldo wkdw frxqwulhv rqo| gl�hu zlwk uhvshfw

wr wkhlu w|sh1 Uhfdoo iurp Vhfwlrq 81417 wkdw wkhq doo frxqwulhv kdyh wkh

vdph vhfxulw| ghpdqg ixqfwlrqv1 Wkh rqo| dujxphqw lq wkh vhfxulw| ghpdqg

ixqfwlrq zklfk fdq gl�hu iurp frxqwu| wr frxqwu| lv wkh w|sh w�� Wkhuhiruh/ lq

vhfxulw| pdunhw htxloleulxp frxqwulhv zloo eh �vhsdudwhg� dffruglqj wr wkhlu

w|shv dv vkrzq lq Ohppd 5/ l1h1 zh nqrz zklfk ri wkh w|shv zloo zdqw wr

ex| dqg zklfk ri wkh w|shv zloo zdqw wr vhoo hdfk vhfxulw| lq htxloleulxp1

Wklv lqirupdwlrq lv h{sorlwhg lq rughu wr ghvljq d uhjxodwlrq vfkhph wkdw/

rq wkh rqh kdqg/ suhyhqwv frxqwulhv h{klelwlqj w|sh0lqfrqvlvwhqw ehkdylrxu

iurp wudqvdfwlqj wkhlu ghvluhg wudghv dqg/ rq wkh rwkhu kdqg/ grhv qrw uhvwulfw

frxqwulhv h{klelwlqj w|sh0frqvlvwhqw ehkdylrxu lq dq| zd|19

Li frxqwulhv duh khwhurjhqhrxv/ wkh ghflvlyh surshuw| ri vhfxulw| pdunhw

9Fi1 Vhfwlrq 8171
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htxloleulxp iru wkh ghvljq ri wkh uhjxodwlrq vfkhph lq Ohppd 5/ vhsdudwlrq

ri wkh w|shv/ grhv qrw krog dq| orqjhu1 Lq rughu wr vhh wklv uhfrqvlghu frxqwu|

�*v �uvw rughu frqglwlrq iru vhfxulw| ghpdqg zkhq/ iru h{dpsoh/ wklug shulrg

hqgrzphqwv duh khwhurjhqhrxv/ l1h1 7/k
� dqg /

q
� E�@� gl�hu ehwzhhq wkh frxqwulhv=

� ^

�� ^
' � w�

�� w�

��E7/k� n rk� �

��E/q� E�@�� ^

�3^
rk� �

� +:15;,

Reylrxvo|/ wkh vhfxulw| ghpdqg ixqfwlrq lqgxfhg e| +:15;, wkhq dovr gh0

shqgv rq wkh hqgrzphqwv 7/k� dqg /q� E�@�1 Lq sduwlfxodu/ wkhuh lv qr vlpsoh

fulwhulrq e| zklfk wkh htxloleulxp ehkdylrxu ri wkh wzr gl�huhqw w|shv fdq

eh vhsdudwhg1 Frqvhtxhqwo|/ lw lv yluwxdoo| lpsrvvleoh wr ghvljq d uhjxod0

wlrq vfkhph vlplodu wr wkdw lqwurgxfhg lq Vhfwlrq 81714/ dw ohdvw zlwkrxw yhu|

vshfl�f dvvxpswlrqv rq wkh ixqfwlrqv lqyroyhg1 Li xwlolw| ixqfwlrqv duh dovr

khwhurjhqhrxv/ hyhq pruh vr1 Wkhuhiruh lw lv lpsruwdqw wr qrwh wkdw wkh uhj0

xodwlrq dssurdfk dv lqwurgxfhg lq Vhfwlrq 81714 rqo| zrunv zkhq frxqwulhv

duh vlplodu1

:1516 Vxppdu|

Wklv vhfwlrq glvfxvvhg zkhwkhu vlplodu uhvxowv zrxog dovr krog iru khwhurjh0

qhrxv frxqwulhv1 Lw wxuqhg rxw wkdw wr d odujh h{whqw wkh dssurdfk zrxog jr

wkurxjk iru khwhurjhqhrxv frxqwulhv1 Krzhyhu/ wkh ghvljq ri wkh uhjxodwlrq

ri vhfxulw| wudglqj lq wkh wklug vfhqdulr klqjhv rq frxqwulhv ehlqj lghqwlfdo

dsduw iurp wkhlu w|sh1 Wkxv/ li frxqwulhv duh khwhurjhqhrxv/ wkh uhohydqw

vfhqdulr lv wkh uhjlph ri xquhjxodwhg vhfxulw| pdunhwv lq Vhfwlrq 8161 Lq sdu0

wlfxodu/ wkh h�hfw ri pdunhwv iru folpdwh vhfxulwlhv rq dedwhphqw ehkdylrxu

wkhq uhpdlqv dpeljxrxv dqg zh �qg qr vxssruw iru wkh LSFF fodlp1



Fkdswhu ;

Hqgrjhqrxv suredelolwlhv iru
folpdwh vwdwhv

Wklv fkdswhu dqdo|vhv wkh lpsdfw ri pdunhwv iru folpdwh vhfxulwlhv rq plwljd0

wlrq ri folpdwh fkdqjh zkhq folpdwh vwdwh suredelolwlhv duh hqgrjhqrxv1 Lq

Fkdswhu 515 lw zdv dujxhg wkdw/ fohduo|/ wkh ulvnv dulvlqj iurp joredo zduplqj

duh hqgrjhqrxv ulvnv1 Wkh| duh gulyhq e| kxpdq dfwlylw|/ wr zkdw h{whqw dqg

lq zkdw zd| h{dfwo| uhpdlqv xqfhuwdlq14 Lq sduwlfxodu/ wkhvh ulvnv duh dovr

lq xhqfhg e| srolf| phdvxuhv/ h1j1 plwljdwlrq srolflhv iru folpdwh fkdqjh/

vlqfh wkhvh/ lq wxuq/ d�hfw kxpdq dfwlylw|1

Krzhyhu/ wkh vwdqgdug ulvn doorfdwlrq iudphzrun grhv qrw doorz iru hqgr0

jhqlw| ri ulvnv1 Lq sduwlfxodu/ ulvnv duh h{rjhqrxv lq wkh vhqvh wkdw gl�huhqw

vwdwhv ri wkh zruog duh uhdol}hg zlwk �{hg/ h{rjhqrxv suredelolwlhv1 Vlqfh wklv

dssurdfk lv qrw dssursuldwh lq wkh frqwh{w ri folpdwh fkdqjh/ wkh dqdo|vlv

lq wklv fkdswhu irfxvhv rq hqgrjhqlw| ri suredelolwlhv1 Wkh iroorzlqj vhfwlrq

vxppdul}hv wkh olwhudwxuh rq wkh vxemhfw1

;14 Hqgrjhqrxv suredelolwlhv lq wkh olwhudwxuh

Lq wkh olwhudwxuh/ wkhuh duh uhodwlyho| ihz duwlfohv ghdolqj zlwk hqgrjhqrxv xq0

fhuwdlqw|1 Wkh| fdq urxjko| eh glylghg lqwr wzr fdwhjrulhv/ wkh �uvw rqh frq0

4Krzhyhu/ wkh odwhvw LSFF0Uhsruw surmhfwv d kljkhu lqfuhdvh lq joredo phdq whpshud0
wxuh wkdq wkh 4<<8 LSFF0Uhsruw +fi1 LSFF ^4<<9d`,1 Vhh Fkdswhu 5141

468
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wdlqlqj jhqhudol}dwlrqv ri plfurhfrqrplf uhvxowv wr hqgrjhqrxv xqfhuwdlqw|/

wkh vhfrqg rqh frqwdlqlqj dssolfdwlrqv ri fdwdvwurskh wkhru| dqg uhodwhg

�hogv wr joredo zduplqj ru rwkhu hqylurqphqwdo ulvnv1

Prvw ri wkh zrun ehorqjlqj wr wkh �uvw fdwhjru| lv uhodwlyho| uhfhqw zrun1

Fklfkloqlvn| ^4<<9` h{whqgv wkh dqdo|vlv ri jhqhudo frpshwlwlyh htxloleulxp

zlwk surgxfwlrq wr d vhwwlqj lq zklfk wkh vwdwh vsdfh dqg wkh suredelolwlhv

ri hyhqwv duh hqgrjhqrxvo| ghwhuplqhg dv sduw ri wkh htxloleulxp1 Vkh iru0

pxodwhv dq htxloleulxp frqfhsw iru wklv vhwwlqj dqg suryhv h{lvwhqfh ri htxl0

oleulxp1 Pruhryhu/ vkh vkrzv wkdw wkh htxloleulxp doorfdwlrqv duh h!flhqw lq

d uhvwulfwhg vhqvh1 Iru wklv/ hqgrjhqrxv xqfhuwdlqw| lv ghfrpsrvhg lqwr �vfl0

hqwl�f xqfhuwdlqw|�/ rq wkh rqh kdqg/ dqg �vwulfw hqgrjhqrxv xqfhuwdlqw|�/

rq wkh rwkhu kdqg1 Vflhqwl�f xqfhuwdlqw| uhihuv wr wkh xqfhuwdlq h�hfw ri hfr0

qrplf dfwlylw| rq wkh folpdwh/ vwulfw hqgrjhqrxv xqfhuwdlqw| lv xqfhuwdlqw|

derxw wkh uhvxowlqj hfrqrplf dfwlylw| lwvhoi1 Zkhuhdv vflhqwl�f xqfhuwdlqw|

fdq eh ixoo| khgjhg/ vwulfw hqgrjhqrxv xqfhuwdlqw| fdqqrw1

Lq Fklfkloqlvn| ^4<<9` wkh yhfwru ri djjuhjdwh rxwsxw lq wkh hfrqrp|

ghwhuplqhv erwk wkh vhw ri srvvleoh vwdwhv dqg wkh fruuhvsrqglqj suredelo0

lw| glvwulexwlrqv1 Wklv uhodwlrq lv irupdol}hg e| dq lpsolflw ixqfwlrq olqnlqj

djjuhjdwh rxwsxw dqg suredelolwlhv rq wkh yduldeoh vwdwh vsdfh1 Rqh ri wkh

nh| dvvxpswlrqv lv frpshwlwlyh ehkdylrxu zlwk uhvshfw wr hqgrjhqrxv xq0

fhuwdlqw|/ l1h1 hdfk djhqw frqvlghuv wkh vhw ri vwdwhv dqg wkhlu suredelolw| dv

lqghshqghqw ri klv rzq dfwlrqv1 Fklfkloqlvn| dovr frqvlghuv dssolfdwlrqv

ri khu iudphzrun iru hqgrjhqrxv xqfhuwdlqw| wr folpdwh fkdqjh1 Wkhvh dssol0

fdwlrqv dqg wkh vdph pdunhw dssurdfk wr hqgrjhqrxv ulvnv duh dovr glvfxvvhg

lq Fklfkloqlvn| ^4<<;`1

Nxu} dqg Zx ^4<<9` irfxv rq htxloleulxp wkhru| zlwk hqgrjhqrxv xq0

fhuwdlqw| lq dq ryhuodsslqj jhqhudwlrqv frqwh{w1 Djhqwv duh dvvxphg wr kdyh

udwlrqdo eholhiv dqg sulfhv duh wkh vwdwh yduldeohv wkhpvhoyhv1 Lq wklv vhwxs/

Nxu} dqg Zx lqyhvwljdwh wkh uroh ri sulfh0frqwlqjhqw frqwudfwv iru wkh

doorfdwlrq ri ulvn1

Lq d yhu| gl�huhqw frqwh{w Eul|v/ Hhfnkrxgw dqg Orxehujh ^4<;<`

srlqw rxw wkdw wkhuh duh vhyhudo gl�huhqw gh�qlwlrqv ri wkh ulvn suhplxp iru

hqgrjhqrxv ulvnv lq wkh olwhudwxuh1 Wkh| vkrz wkdw wzr ri wkhvh sursrvhg

frqfhswv gr qrw suhvhuyh wkh lqwxlwlyh surshuwlhv ri wkh Duurz0Sudww ulvn
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suhplxp5 dqg vxjjhvw dq dowhuqdwlyh gh�qlwlrq1

Wkh fodvvlf uhihuhqfh iru wkh vhfrqg fdwhjru| lv Fursshu ^4<:9`1 Vkh

lqyhvwljdwhv wzr w|shv ri fdwdvwurskhv/ rqh ohdglqj wr d whpsrudu| uhgxfwlrq

lq xwlolw| dqg rqh zklfk lv luuhyhuvleoh1 Zkhwkhu ru qrw d fdwdvwurskh rf0

fxuv ghshqgv rq wkh vwrfn ri srooxwlrq uhodwlyh wr wkh fulwlfdo srooxwlrq ohyho1

Wkh fulwlfdo srooxwlrq ohyho/ lq wxuq/ lv d udqgrp yduldeoh1 Lq wkh �uvw frq0

wh{w Fursshu dqdo|vhv wkh vwhdg| vwdwh htxloleuld dqg dssurdfk sdwkv iru

srooxwlrq zkhq h�hfwv ri srooxwlrq duh fdwdvwursklf1 Lq wkh vhfrqg frqwh{w

vkh vwxglhv wkh rswlpdo udwh ri h{wudfwlrq ri d qrq0uhqhzdeoh uhvrxufh zkhq

dydlodeoh uhvrxufhv duh xqfhuwdlq1

Dq lqwhuwhpsrudo dssurdfk/ vwxg|lqj d jurzlqj hfrqrp| zlwk hqgrjh0

qrxv xqfhuwdlqw|/ lv dovr suhvhqwhg lq Khdo ^4<;7`/ ^4<<3`1 Wkhuh/ wkh dw0

prvskhuh pd| eh lq d idyrxudeoh ru lq d xqidyrxudeoh vwdwh vr wkdw wkhuh

lv d srvvlelolw| ri d ixwxuh folpdwh fkdqjh1 Wkh wudqvlwlrq lv vwrfkdvwlf dqg

luuhyhuvleoh/ l1h1 wkh xqidyrxudeoh vwdwh lv dq devruelqj vwdwh1 Wkh suredelo0

lw| ri wudqvlwlrq wr wkh xqidyrxudeoh vwdwh lv hqgrjhqrxv dqg lqfuhdvhv zlwk

wkh ohyho ri fxpxodwlyh hplvvlrqv iurp wkh xvh ri irvvlo ixhov1 Lq wklv vhwwlqj/

Khdo fkdudfwhul}hv rswlpdo sdwkv ri frqvxpswlrq/ fdslwdo dffxpxodwlrq dqg

xvh ri irvvlo ixhov dqg frpsduhv wkhp wr wkrvh wkdw duh rswlpdo lq wkh devhqfh

ri dq dwprvskhulf lpsdfw1

Fodunh dqg Uhhg ^4<<7` dqdo|vh wkh lpsdfw ri dq dyrlgdeoh ulvn ri

luuhyhuvleoh hqylurqphqwdo fdwdvwurskh rq wkh rswlpdo pdqdjhphqw ri d uh0

qhzdeoh hqylurqphqwdo uhvrxufh1 Wkh fdwdvwursklf ulvn lv dvvxphg wr eh d

qrqghfuhdvlqj ixqfwlrq ri vwrfn srooxwlrq1 Lq Wvxu dqg ]hpho ^4<<9` wkhuh

lv dq xqfhuwdlq fulwlfdo srooxwlrq ohyho zklfk wuljjhuv xqghvludeoh hyhqwv dv0

vrfldwhg zlwk wkh juhhqkrxvh h�hfw1 Lq frqwudvw wr Fursshu dqg Fodunh

dqg Uhhg wkh| dvvxph wkdw wkh suredelolw| glvwulexwlrq dovr ghshqgv rq

wkh klvwru| ri srooxwlrq1

Wruydqjhu ^4<<:` frqvlghuv d wkuhh0jhqhudwlrq sodqqlqj prgho zlwk xq0

fhuwdlq folpdwh fkdqjh1 Wkh suredelolw| dqg vfdoh ri ixwxuh folpdwh fkdqjh

duh d�hfwhg e| surgxfwlrq dfwlylwlhv lq whupv ri dffxpxodwhg uhvrxufh xvh1

Wkh rswlpdo uhvrxufh h{wudfwlrq sdwk lv ghwhuplqhg e| phdqv ri vwrfkdvwlf

5Wkh gh�qlwlrq ri wkh Duurz0Sudww ulvn suhplxp ruljlqdwhv lq Sudww ^4<97` dqg Du0
urz ^4<98`1
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g|qdplf surjudpplqj1

Doo ri wkh duwlfohv frqfhuqhg zlwk dssolfdwlrq ri fdwdvwurskh wkhru| wr hq0

ylurqphqwdo lvvxhv irfxv rq wkh rswlpdo g|qdplf sdwk rqo|/ l1h1 wkh| frqvlghu

wkh lvvxhv iurp d vrfldo sodqqhu*v shuvshfwlyh1 Wkh| gr qrw vwxg| d ghfhq0

wudol}hg iudphzrun dqg wkh htxloleulxp ehkdylrxu zlwklq vxfk d iudphzrun1

;15 Wkh Prgho

Lq frqwudvw wr doo wkh sdshuv phqwlrqhg deryh wkh dqdo|vlv lq wklv fkdswhu

ghdov zlwk vwudwhjlf lqwhudfwlrq xqghu hqgrjhqrxv xqfhuwdlqw|1 Lq rughu wr

dqdo|vh wkh h�hfw ri �qdqfldo lqvwuxphqwv rq hqylurqphqwdo ghflvlrq0pdnlqj

wkh prgho frpelqhv d jhqhudo htxloleulxp iudphzrun zlwk d vwdqgdug prgho

ri vwudwhjlf dedwhphqw ehkdylrxu1 Xqolnh Fklfkloqlvn| ^4<<9`/ frpshwl0

wlyh ehkdylrxu zlwk uhvshfw wr hqgrjhqrxv xqfhuwdlqw| lv qrw dvvxphg1 Lq

frqwudvw/ frxqwulhv* lq xhqfh rq hqgrjhqrxv suredelolwlhv lv dqwlflsdwhg dqg

d�hfwv wkhlu dedwhphqw dfwlrq1 Wklv lv/ lq idfw/ wkh nh| hohphqw ri wkh ds0

surdfk suhvhqwhg khuh1 Wkh prgho dovr gl�huv iurp wkdw ri Fklfkloqlvn|

zlwk uhvshfw wr hqgrjhqlw| ri suredelolwlhv ehlqj prghoohg h{solflwho| dqg wkh

�{hg vwdwh vsdfh1 Suredelolwlhv iru wkh gl�huhqw vwdwhv duh hqgrjhqrxv dqg

vxemhfwlyh1

Wkh irfxv khuh lv rq wkh h�hfw ri folpdwh vhfxulwlhv rq dedwhphqw/ l1h1 wkh

rxwfrphv ri vwudwhjlf lqwhudfwlrq xqghu hqgrjhqrxv xqfhuwdlqw| zlwkrxw dqg

zlwk folpdwh vhfxulwlhv duh frpsduhg1 Lq frqwudvw wr wkh duwlfohv frqfhuqhg

zlwk fdwdvwurskhv wklv prgho lv qrw d g|qdplf prgho1 Dowkrxjk lw frqvlvwv

ri wzr vwdjhv/ lw lv ri vwdwlf qdwxuh vlqfh hdfk w|sh ri ghflvlrq +dedwhphqw

ghflvlrq dqg sruwirolr ghflvlrq, lv wdnhq rqo| rqfh1 Fdwdvwursklf rxwfrphv

duh qrw h{solflwho| lqfrusrudwhg lq wkh prgho1 Krzhyhu/ wkh| fdq eh dssur{0

lpdwhg e| dghtxdwh fkrlfh ri wkh hqgrzphqwv lq wkh wzr srvvleoh folpdwh

vwdwhv1

Zkdw zhoiduh h�hfwv zrxog rqh h{shfw iurp wkh lqwurgxfwlrq ri pdunhwv

iru folpdwh vhfxulwlhvB Lqwurgxflqj vxfk pdunhwv uhpryhv d pdunhw lpshuihf0

wlrq/ qdpho| odfn ri �lqvxudqfh� pdunhwv1 Wkhuhiruh/ dw �uvw vljkw rqh pljkw

h{shfw zhoiduh wr lpsuryh1 Krzhyhu/ zh nqrz iurp wkh Wkhru| ri wkh Vhfrqg
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Ehvw6 wkdw li wkhuh lv pruh wkdq rqh pdunhw lpshuihfwlrq/ derolvklqj rqh ri

wkhvh lpshuihfwlrqv grhv qrw qhfhvvdulo| lpsuryh zhoiduh1 L1h1 li rqh ri wkh

Sduhwldq frqglwlrqv lv qrw dwwdlqdeoh gxh wr d pdunhw lpshuihfwlrq wkh rwkhu

Sduhwldq frqglwlrqv duh qrw qhfhvvdulo| rswlpdo dq|pruh1 Wkhuhiruh zh fdq0

qrw frpsduh wkh zhoiduh surshuwlhv ri pdunhwv zlwk gl�hulqj lqkhuhqw pdunhw

lpshuihfwlrqv zlwk rqh dqrwkhu1 Lq sduwlfxodu/ uhprylqj rqh ri vhyhudo pdu0

nhw lpshuihfwlrqv zloo qrw qrw qhfhvvdulo| hqkdqfh zhoiduh1 Vlqfh wkh vhwwlqj

wr eh dqdo|vhg lq wklv Fkdswhu lqghhg h{klelwv vhyhudo pdunhw lpshuihfwlrqv

zh fdq dqwlflsdwh wkdw wkh zhoiduh h�hfwv pd| eh dpeljxrxv1

;1514 Edvlfv ri wkh Prgho

Iljxuh ;14= Wkh wlph vwuxfwxuh

Wkh wlph vwuxfwxuh ri wkh prgho uhvvhpeohv wkdw ri wkh lqfrpsohwh lqiru0

pdwlrq dssurdfk vwxglhg lq Fkdswhuv 8 wr : dqg lv looxvwudwhg lq Iljxuh ;141

Lq wkh �uvw shulrg E| ' �� hdfk frxqwu| � ' �c � � � c ? ghflghv rq lwv dedwhphqw

vwudwhj|/ l1h1 wkh dprxqw ri juhhqkrxvh jdvhv lw zloo hplw1 Lq wkh vhfrqg shulrg

E| ' 2� lw fkrrvhv lwv sruwirolr/ l1h1 fdq ex| ru vhoo folpdwh vhfxulwlhv1 Olnh lq

Fkdswhu 8 folpdwh vhfxulwlhv duh �qdqfldo lqvwuxphqwv zkrvh sd|r� ghshqgv

rq wkh folpdwh vwdwh wkdw zloo eh uhdol}hg lq wkh vxevhtxhqw shulrg1 Lq wkh

6Wkh Wkhru| ri wkh Vhfrqg Ehvw ruljlqdwhv iurp Olsvh| dqg Odqfdvwhu ^4<89` df0
fruglqj wr zkrp �Wkh jhqhudo wkhruhp iru wkh vhfrqg ehvw rswlpxp vwdwhv wkdw li wkhuh lv
lqwurgxfhg lqwr d jhqhudo htxloleulxp v|vwhp d frqvwudlqw zklfk suhyhqwv wkh dwwdlqphqw ri
rq ri wkh Sduhwldq frqglwlrqv/ wkh rwkhu Sduhwldq frqglwlrqv/ dowkrxjk vwloo dwwdlqdeoh/ duh/
lq jhqhudo/ qr orqjhu ghvludeoh1 Lq rwkhu zrugv/ jlyhq wkdw rqh ri wkh Sduhwldq rswlpxp
frqglwlrqv fdqqrw eh ixo�oohg/ wkhq dq rswlpxp vlwxdwlrq fdq eh dfklhyhg rqo| e| ghsduwlqj
iurp doo wkh rwkhu Sduhwldq frqglwlrqv1� Gdylv dqg Zklqvwrq ^4<97` zduq wkdw �111 wkh
srolf| pdnhu pxvw frqvlghu wkh hqwluh ixqfwlrqdoo| lqwhufrqqhfwhg vxevhw ri xqlwv lq rughu
wr dyrlg xqghvludeoh frqvhtxhqfhv1�
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wklug shulrg E| ' �� wkh xqfhuwdlqw| derxw wkh folpdwh vwdwh lv uhvroyhg/7 dqg

wkh sd|r�v dulvlqj iurp vhfxulw| wudglqj lq shulrg 2 duh uhdol}hg1

Wkh nh| hohphqw ri wkh prgho lv hqgrjhqlw| ri frxqwulhv* suredelolw| glv0

wulexwlrqv dfurvv folpdwh vwdwhv1 Djjuhjdwh �uvw shulrg hplvvlrqv lq xhqfh

wkh +vxemhfwlyh, suredelolw| glvwulexwlrqv dfurvv folpdwh vwdwhv xvhg e| wkh

frxqwulhv lq wkh vhfrqg shulrg� Wklv ihdwxuh jhqhudwhv d olqn ehwzhhq wkh

ghflvlrqv lq wkh wzr shulrgv1

Frqvlghu d zruog zlwk wzr jrrgv/ d +kljko| djjuhjdwhg, frqvxpswlrq

jrrg8 dqg hplvvlrqv ri juhhqkrxvh jdvhv1 Qrwh wkdw xwlolw| lv ghulyhg rqo|

iurp wkh frqvxpswlrq jrrg/ zkhuhdv hplvvlrqv gr qrw hqwhu wkh xwlolw| ixqf0

wlrqv gluhfwo|1 Lq sduwlfxodu/ wkhuh duh qr lqvwdqwdqhrxv gdpdjhv dulvlqj iurp

srooxwlrq1 Lqvwhdg/ wkh| lq xhqfh wkh suredelolwlhv ri wkh folpdwh vwdwhv dqg/

wkhuhiruh/ kdyh dq lqgluhfw h�hfw rq h{shfwhg xwlolw|19

;1515 Wkh dedwhphqw ghflvlrq

Lq frqwudvw wr wkh lqfrpsohwh lqirupdwlrq prgho ri Fkdswhu 8 wkh dedwhphqw

ghflvlrq lv prghoohg frqwlqxrxvo|1 Ghqrwh e| e� wkh hplvvlrqv ri frxqwu|

�� Wkh dedwhphqw frvw ixqfwlrq iru frxqwu| � lv ghqrwhg ��Ee��� Lw phdvxuhv

dedwhphqw frvw lq xqlwv ri wkh djjuhjdwh jrrg dqg vdwlv�hv vwdqgdug surshu0

wlhv1 Lw lv dvvxphg qrq�qhjdwlyh +�� � f,/ vwulfwo| ghfuhdvlqj +� �
� 	 f, dqg

frqyh{ +� ��
� � f, rq lwv uhohydqw udqjh1 Ghqrwh e| e6@%

� wkh pd{lpdo dprxqw

ri hplvvlrqv/ l1h1 wkh hplvvlrq ohyho zkhq qr dedwhphqw h�ruw lv pdgh/ dqg

dvvxph ��Ee
4@ 
� � ' f� Dq dedwhphqw frvw ixqfwlrq zlwk olqhdu pdujlqdo dedwh0

phqw frvw lv looxvwudwhg lq Iljxuh ;151

Frxqwu| �*v �uvw shulrg hqgrzphqw ri wkh djjuhjdwh jrrg lv ghqrwhg ���

Lqwhusuhw �� dv wkh wrwdo surgxfwlrq lq frxqwu| � zkhq hplvvlrqv duh e6@%
�

dqg qr dedwhphqw h�ruw lv pdgh1 Hqgrzphqw fdq hlwkhu eh frqvxphg ru

�lqyhvwhg� lq hplvvlrq uhgxfwlrqv/ l1h1 wkhuh lv d wudgh�r� ehwzhhq frqvxps0

7Lq uhdolw|/ wkh xqfhuwdlqw| zloo rqo| eh sduwldoo| uhvroyhg1 Wklv frxog eh prghoohg e|
frqvlghulqj lqfuhdvlqjo| �qhu sduwlwlrqv dv lq Gheuhx ^4<8<`/ Fkdswhu :1

8Wkh djjuhjdwh jrrg zloo dovr eh wkh qxphudluh1
9Hplvvlrqv zrxog xvxdoo| eh frqvlghuhg d �sxeolf edg�1 Lq wklv frqwh{w/ wkh whuplqrorj|

�edg� lv qrw dssursuldwh lq jhqhudo vlqfh lq vrph fdvhv hplvvlrqv pd| lqfuhdvh d frxqwu|*v
xwlolw|1
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Iljxuh ;15= Dq dedwhphqw frvw ixqfwlrq zlwk olqhdu pdujlqdo dedwhphqw

frvw1

wlrq dqg dedwhphqw1:

Li frxqwu| � hplwv e� 	 e4@ 
� lq wkh �uvw shulrg/ lw kdv wr jlyh xs wkh

fruuhvsrqglqj dprxqw ri lwv �uvw shulrg hqgrzphqw ��1 Frqvxpswlrq/ zklfk

htxdov �� � ��Ee��c lv uhvwulfwhg wr qrq0qhjdwlyh ydoxhv e| gh�qlwlrq1; Wkh

�qlwh hqgrzphqw �� wkhq gh�qhv d orzhu erxqgdu| iru hplvvlrqv/ zlwk e6�?
� '

�3�E����

Li wkh dedwhphqw frvw ixqfwlrq/ lq dgglwlrq wr wkh surshuwlhv dvvxphg

deryh/ kdv wkh surshuw| wkdw lw lv +iru whfkqlfdo uhdvrqv, qrw srvvleoh wr

uhgxfh hplvvlrqv frpsohwho|/ l1h1 *�4e�<f��Ee�� ' 4c wkhq e6�?
� : f zloo

krog1 Wklv lv d uhdolvwlf dvvxpswlrq iru prvw juhhqkrxvh jdvhv/ h1j1 ��2� Iru

vlpsolflw|/ dedwhphqw frvw ixqfwlrqv zlwk olqhdu pdujlqdo dedwhphqw frvw � dv

gudzq lq Iljxuh ;15 � zloo dovr eh xvhg lq Vhfwlrq ;191 Lq wkdw fdvh e6�?
� : f

grhv qrw krog li �uvw shulrg hqgrzphqw �� lv odujh1

Ohw ��E�� ghqrwh wkh xwlolw| ixqfwlrq iru frxqwu| �� Wkh xwlolw| ixqfwlrq

lv wkh vdph iru doo shulrgv1 Dvvxph ��� : f dqg ���� 	 f/ uhsuhvhqwlqj ulvn

dyhuvlrq1 Frxqwu| �*v xwlolw| iurp wkh �uvw shulrg lv ��E�� � ��Ee��� zklfk/

:Dedwhphqw h{shqglwxuhv fdq eh lqwhusuhwhg dv dq lqyhvwphqw lq ixwxuh frqvxpswlrq1
Wkxv/ wkh wudgh�r� lv ehwzhhq vxuh frqvxpswlrq lq shulrg 4 dqg xqfhuwdlq ixwxuh frq0
vxpswlrq lq shulrg 61

;Qrwh wkdw eruurzlqj/ l1h1 frqvxpswlrq ohyhov vpdoohu wkdq }hur/ lv qrw srvvleoh lq wklv
iudphzrun1
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jlyhq wkh dvvxpswlrqv deryh/ lv vwulfwo| lqfuhdvlqj dqg frqfdyh lq e��

Dvvxph wkdw hdfk frxqwu|*v hplvvlrqv dqg/ lq sduwlfxodu/ djjuhjdwh hplv0

vlrqv . G'
S?

�'� e� fdq eh revhuyhg e| doo frxqwulhv1 Wkh udqjh iru dj0

juhjdwh hplvvlrqv lv wkh lqwhuydo d.4�?c .4@ o zkhuh .4�? G'
S

� e
4�?
� dqg

.4@ G'
S

� e
4@ 
� �

;1516 Wkh sruwirolr ghflvlrq

Xqfhuwdlqw| zlwk uhvshfw wr wkh folpdwh vwdwh

Lq wkh vhfrqg shulrg wkhuh lv xqfhuwdlqw| derxw wkh folpdwh vwdwh wkdw zloo

eh uhdol}hg lq wkh vxevhtxhqw shulrg� Iru vlpsolflw|/ dvvxph olnh lq Fkdswhu

8 wkdw wkhuh duh rqo| wzr srwhqwldo folpdwh vwdwhv/< vwdwh k +qr qrwlfhdeoh

folpdwh fkdqjh, dqg vwdwh q +vhyhuh folpdwh fkdqjh,1 Lqwhusuhw vwdwh k dv

fruuhvsrqglqj wr d orzhu joredo phdq whpshudwxuh wkdq vwdwh qc l1h1 vwdwh q

vwdqgv iru dq lqfuhdvh lq wkh joredo phdq whpshudwxuh +�joredo zduplqj�,1

Lq wkh wklug shulrg wkh folpdwh vwdwh uhdol}hg zloo ghwhuplqh wkh hqgrz0

phqw ri wkh frxqwulhv iru wkdw shulrg1 L1h1 zkhwkhu d frxqwu| zrxog eh

kduphg e| dq lqfuhdvh lq joredo phdq whpshudwxuh/ h1j1 wkh Phglwhuudqhdq/

ru zkhwkhu lw zrxog ehqh�w iurp joredo zduplqj/ h1j1 Vlehuld ru qruwkhuq

Hxursh/ lv uh hfwhg lq wkh uhodwlrq ehwzhhq lwv hqgrzphqwv iru wkh wzr gli0

ihuhqw vwdwhv143 Wkh xqghuo|lqj lqwhusuhwdwlrq lv wkdw folpdwh fdq lq xhqfh

wkh surgxfwlrq srvvlelolwlhv/ hvshfldoo| wkh djulfxowxudo vhfwru/ dqg wkdw wklv

lv uh hfwhg e| wkh hqgrzphqw zklfk uhsuhvhqwv wrwdo surgxfwlrq1

Ghqrwh e| ��j wkh hqgrzphqw ri frxqwu| � lq wkh wklug shulrg li wkh

folpdwh vwdwh uhdol}hg lv j E� ' �c ���c ? dqg j ' kc q�� Wkhq/ iru h{dpsoh/

frxqwu| � sur�wv iurp joredo zduplqj li ��k 	 ��q dqg lv dgyhuvho| d�hfwhg

e| joredo zduplqj li ��k : ��q�

<Lq uhdolw|/ ri frxuvh/ wkhuh zloo eh d frqwlqxxp ri srwhqwldo folpdwh vwdwhv1 Fodvvl�fdwlrq
ri folpdwh vwdwhv zrxog kdyh wr uhihu wr d odujh qxpehu ri fulwhuld dv h{sodlqhg lq Fkdswhu
514151

43Fi1 LSFF ^5334e`/ s1 48= �Wkhuh zloo eh vrph eurdgo| srvlwlyh h�hfwv rq djulfxowxuh
lq qruwkhuq Hxursh ^ 111`> surgxfwlylw| zloo ghfuhdvh lq vrxwkhuq dqg hdvwhuq Hxursh ^111`1�
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Pdunhwv iru folpdwh vhfxulwlhv

Wkh dvvxpswlrqv rq pdunhwv iru folpdwh vhfxulwlhv duh wkh vdph dv lq wkh

lqfrpsohwh lqirupdwlrq prgho ri Fkdswhu 81 Djdlq d frpsohwh v|vwhp ri

folpdwh vhfxulwlhv lv dvvxphg/ l1h1 rqh lqvwuxphqw dvvrfldwhg zlwk hdfk folpdwh

vwdwh j 5 ikc qj� Folpdwh vhfxulwlhv duh djdlq gh�qhg lq wkh wudglwlrq ri

Duurz ^4<86`= vhfxulw| j sd|v rqh xqlw ri wkh djjuhjdwh jrrg/ zklfk lv

dovr wkh qxphudluh/ li vwdwh j rffxuv dqg qrwklqj rwkhuzlvh144 E| phdqv ri

folpdwh vhfxulwlhv frxqwulhv fdq wudqvihu lqfrph +hqgrzphqw, iurp idyrudeoh

vwdwhv wr xqidyrudeoh rqhv dqg ylfh yhuvd1

Vhfxulw| pdunhwv duh djdlq dvvxphg wr eh frpshwlwlyh/ wkh sulfh ri vh0

fxulw| k ehlqj ghqrwhg ^� Wkh sulfh ri vhfxulw| q lv wkhq � � ^� Dvvxph

ixuwkhu wkdw dw wkh wlph ri ghflvlrq0pdnlqj lq wkh �uvw shulrg doo frxqwulhv

duh lqiruphg derxw wkh srvvlelolw| ri wudgh lq folpdwh vhfxulwlhv lq wkh vhfrqg

shulrg1

Hqgrjhqrxv suredelolwlhv rq folpdwh vwdwhv

Hdfk frxqwu| kdv d vxemhfwlyh45 suredelolw| glvwulexwlrq rq wkh vhw ri fol0

pdwh vwdwhv zklfk ghshqgv rq djjuhjdwh hplvvlrqv lq shulrg �� Iru . 5
d.4�?c .4@ o ghqrwh e| ��E.� frxqwu| �*v vxemhfwlyh suredelolw| iru vwdwh k

dqg e| � � ��E.� lwv suredelolw| iru vwdwh q� Lqwxlwlyho|/ lw lv fohdu wkdw

zlwk lqfuhdvlqj djjuhjdwh hplvvlrqv frxqwulhv zloo sxw pruh zhljkw rq wkh

vwdwh dvvrfldwhg zlwk dq lqfuhdvh lq joredo phdq whpshudwxuh/ l1h1 rq vwdwh

q� Wkhuhiruh dvvxph

��
�E.� 	 f �iru doo .� dqg doo � ' �c ���c ?c +;14,

zkhuh �iru doo .� kdv wr eh lqwhusuhwhg dssursuldwho|/ dv h{sodlqhg lq wkh

iroorzlqj sdudjudsk1

Zkhuhdv �� lv gh�qhg rq wkh forvhg lqwhuydo d.4�?c .4@ oc lwv ghulydwlyh

��
� lv rqo| gh�qhg rq wkh rshq lqwhuydo E.4�?c .4@ �� Iru wkh hqgsrlqwv ri

wkh lqwhuydo/ .4�? dqg .4@ / rqo| wkh ghulydwlyh iurp wkh uljkw ru ohiw/ uh0

vshfwlyho|/ lv zhoo0gh�qhg1 L1h1 ���
�E.� 	 f iru doo .� vkrxog eh lqwhusuhwhg

44Wkh sd|r� vwuxfwxuh vkrzq lq Wdeoh 815 dssolhv1 Djdlq/ wudqvdfwlrq frvwv ri vhfxulw|
wudglqj duh qhjohfwhg1

45Lq wkh frqwh{w ri folpdwh fkdqjh/ wkhuh lv qr mxvwl�fdwlrq iru remhfwlyh suredelolwlhv1
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dv ���
�E.� 	 f iru doo . 5 E.4�?c .4@ �c ,�6.<.4�?c.:.4�?��

�E.� 	 f dqg

,�6.<.4@ c.	.4@ ��
�E.� 	 f�� Qrwh wkdw lq wkh iroorzlqj wkh skudvh �iru doo

.� zloo eh xvhg uhshdwhgo| lq wkh deryh lqwhusuhwdwlrq1

Lw lv qrw reylrxv zkdw vkrxog eh dvvxphg derxw wkh vhfrqg ghulydwlyh

���
� E.� ri wkh hqgrjhqrxv suredelolwlhv1 Wklv ghshqgv rq wkh vflhqwl�f hyl0

ghqfh frqfhuqlqj wkh lpsdfw ri plwljdwlrq rq joredo zduplqj/ dqg dovr wkh

djjuhjdwlrq dqg lqwhusuhwdwlrq ri wklv vflhqwl�f hylghqfh146 Wkh suredelolw|

ixqfwlrq �� frxog/ jlyhq wkdw zh dvvxph frqwlqxlw|/47 eh frqyh{ ru frqfdyh ru

frxog hyhq eh ohvv zhoo0ehkdyhg dqg kdyh qhlwkhu ri wkhvh surshuwlhv1 Iru vlp0

solflw|/ zh zloo riwhq frqvlghu wkh vshfldo fdvh ri d olqhdu uhodwlrqvkls ehwzhhq

djjuhjdwh hplvvlrqv dqg folpdwh vwdwh suredelolwlhv/ l1h1 dvvxph ���
� E.� ' f

iru wkh dssursuldwh lqwhuydo zlwk uhvshfw wr .�48

Dq lpsruwdqw lpsolfdwlrq ri hqgrjhqlw| ri suredelolwlhv lv wkdw frxq0

wulhv* suhihuhqfhv rq frqwlqjhqw frqvxpswlrq exqgohv ehfrph hqgrjhqrxv/

wrr1 Wkhuhiruh d fkdqjh lq �uvw shulrg djjuhjdwh hplvvlrqv . ohdgv wr d

fkdqjh lq suhihuhqfhv rq frqwlqjhqw frqvxpswlrq1 Dq h{dpsoh iru vxfk d

fkdqjh lq suhihuhqfhv/ dvvxplqj pd{lpl}dwlrq ri h{shfwhg xwlolw|/ lv gudzq

lq Iljxuh ;16149

Wkh ghflvlrq sureohp

Zulwh r�j iru wkh dprxqw ri vhfxulw| j erxjkw ru vrog e| frxqwu| � lq shulrg

2� Wkh frqvwudlqwv ri frxqwu| �*v ghflvlrq sureohp duh wkh vdph dv wkrvh lq

Fkdswhu 81 Iluvwo|/ d frxqwu|*v sruwirolr kdv wr vdwlvi| wkh �vhoi0�qdqflqj

sruwirolr frqvwudlqw�

^r�k n E�� ^�r�q ' f +;15,

46Vhh Fkdswhu 51
47Qrwh wkdw suredelolw| ixqfwlrqv h{klelwlqj glvfrqwlqxlwlhv dw fhuwdlq wkuhvkrog ydoxhv

ri H pd| dovr eh d uhohydqw fdvh lq wklv frqwh{w1
48Fi1 dvvxpswlrq +;14, dqg wkh vxevhtxhqw lqwhusuhwdwlrq zklfk dssolhv dqdorjrxvo|1
49Qrwh wkdw wkh +qhjdwlyh, vorsh ri wkh lqgl�huhqfh fxuyhv iru frxqwu| l frqwdlqv wkh

h{suhvvlrq � �l+H,
4��l+H,

/ zklfk lqfuhdvhv lq H e| dvvxpswlrq +;14,/ dv d pxowlsolfdwlyh idfwru1
Wkhuhiruh dq lqfuhdvh lq H fdxvhv wkh +qhjdwlyh, vorsh ri wkh lqgl�huhqfh fxuyhv wr ehfrph
 dwwhu1
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Iljxuh ;16= Suhihuhqfhv rq frqwlqjhqw frqvxpswlrq exqgohv iru ohyhov ri

djjuhjdwh hplvvlrqv 	. +wr wkh ohiw, dqg 7. +wr wkh uljkw, zlwk 	. 	 7.1 D

kljkhu ohyho ri djjuhjdwh hplvvlrqv . lqfuhdvhv wkh suredelolw| iru vwdwh q

dqg wkh lqgl�huhqfh fxuyhv ehfrph  dwwhu1

vlqfh wkhuh lv qr hqgrzphqw lq vhfxulwlhv1 L1h1/ li d frxqwu| zdqwv wr ex|

vhfxulwlhv ri rqh w|sh/ wkhq lw kdv wr vhoo vhfxulwlhv ri d gl�huhqw w|sh lq rughu

wr eh deoh wr gr vr1 Vhfrqgo|/ vkruw0vhoolqj lv qrw srvvleoh zklfk lv htxlydohqw

wr uhvwulfwlqj wklug shulrg frqvxpswlrq wr qrq0qhjdwlyh ydoxhv1

Qrwh wkdw wkh xwlolw| ixqfwlrq grhv qrw ghshqg rq wkh folpdwh vwdwh dqg

wkdw wkhuh lv qr frqvxpswlrq lq wkh vhfrqg shulrg1 Dvvxph wkdw frxqwu| �

pd{lpl}hv h{shfwhg xwlolw| iurp shulrg 6

��Er�kc r�q(.� G' ��E.���E��k n r�k� n E����E.����E��q n r�q�

iru jlyhq vhfxulw| sulfhv E^c � � ^� dqg �uvw shulrg hplvvlrqv . vxemhfw wr

+;15, dqg d qrq0qhjdwlylw| uhvwulfwlrq rq wklug shulrg shulrg frqvxpswlrq14:

;1517 Vhfxulw| pdunhw htxloleulxp

Vroylqj wkh ghflvlrq sureohp ghvfulehg deryh |lhogv qhw ghpdqg iru vhfxulwlhv

r�jE.c ^� dv d ixqfwlrq ri djjuhjdwh shulrg � hplvvlrqv . dqg vhfxulw| sulfhv ^�

4:Wklug shulrg frqvxpswlrq lq vwdwh � lv zl� . vl� iru � @ �> �=
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Wkh htxloleulxp vhfxulw| sulfh4; ^WE.� lv ghwhuplqhg e| wkh pdunhw fohdulqj

frqglwlrq4<

?[
�'�

r�kE.c ^
WE.�� ' f�

Soxjjlqj htxloleulxp vhfxulw| wudghv iru hdfk vwdwh/ rW�jE.� G' r�jE.c ^
WE.��c

lqwr wkh h{shfwhg xwlolw| ixqfwlrq �� |lhogv wkh lqgluhfw h{shfwhg xwlolw| ixqf0

wlrq

�W� E.� G' ��Er
W
�kE.�c r

W
�qE.�(.� +;16,

'��E.���E��k n rW�kE.�� n E�� ��E.����E��q n rW�qE.��

zklfk rqo| ghshqgv rq shulrg � djjuhjdwh hplvvlrqv .� Iru d jlyhq rxwfrph

ri wkh �uvw shulrg lq whupv ri djjuhjdwh hplvvlrqv .c wkh lqgluhfw h{shfwhg

xwlolw| ixqfwlrq �W� vxppdul}hv wkh rxwfrph ri +frpshwlwlyh, ghflvlrq0pdnlqj

lq wkh vhfrqg shulrg lq whupv ri h{shfwhg xwlolw| iru frxqwu| �� Wkh dvwhulvn

dv vxshuvfulsw lqglfdwhv wkdw wkhvh duh htxloleulxp ydoxhv zlwk uhvshfw wr

vhfxulw| wudglqj lq wkh vhfrqg shulrg1

;1518 Wrwdo xwlolw|

Wrwdo xwlolw| iru frxqwu| � fdq wkhq eh zulwwhq dv

L�Ee�c � � � c e?� G' �� E�� � ��Ee��� n �W�

#
?[
�'�

e�

$
� +;17,

Iru vlpsolflw|/ wkhuh lv qr glvfrxqwlqj153 Gxh wr frpshwlylw| ri vhfxulw| pdu0

nhwv wkhuh lv qr vwudwhjlf lqwhudfwlrq lq wkh vhfrqg shulrg dqg wkh frqwulexwlrq

wr wrwdo xwlolw| iurp wkdw shulrg/ �W� E.� c ghshqgv rqo| rq djjuhjdwh �uvw sh0

ulrg hplvvrqv .1 Lw lv dvvxphg wkdw frxqwulhv dqwlflsdwh wkh vhfxulw| pdunhw

htxloleulxp lq wkh vhfrqg shulrg zkhq ghflglqj rq wkhlu hplvvlrq ohyho lq

4;Jlyhq wkh dvvxpswlrqv deryh vl�+H> t, h{lvwv dqg lv d vlqjohwrq1 H{lvwhqfh ri wkh
htxloleulxp vhfxulw| sulfh lv jxdudqwhhg e| wkh vwdqgdug frqglwlrqv1 Vhh/ iru h{dpsoh
Pdv0Frohoo/ Zklqvwrq dqg Juhhq ^4<<8`/ s1 8;81

4<Vlqfh Zdoudv* Odz krogv/ wkh pdunhw iru vhfxulw| � wkhq dovr fohduv1
53Wklv frxog hdvlo| eh lqfoxghg lq wkh prgho/ exw grhv qrw |lhog dq| qhz lqvljkwv1



;151 WKH PRGHO 47:

wkh �uvw shulrg154 Edvlfdoo|/ wkdw dprxqwv wr edfnzdug lqgxfwlrq/ exw zlwk

frpshwlwlyh lqvwhdg ri vwudwhjlf lqwhudfwlrq lq wkh vhfrqg shulrg1 Qrwh wkdw

dqwlflsdwlrq ri wkh vhfxulw| pdunhw htxloleulxp pdnhv vwurqj ghpdqgv rq wkh

lqirupdwlrq vwuxfwxuh155

Yld wkh lqgluhfw xwlolw| ixqfwlrqv �W� hdfk frxqwu|*v sd|r� L� ghshqgv/ lq

sulqflsoh/ rq wkh hplvvlrqv ri doo rwkhu frxqwulhv ehvlghv lwv rzq1 Wkxv/ wkh

xwlolw| ixqfwlrqv gh�qhg lq +;17, lqgxfh d qrq0frrshudwlyh jdph1 Wkh dqdo|vlv

lq wkh iroorzlqj vhfwlrqv lv frqfhuqhg zlwk wkh lpsdfw ri pdunhwv iru folpdwh

vhfxulwlhv rq plwljdwlrq dfwlylw|/ l1h1 rq hplvvlrq ohyhov1 Iru wklv sxusrvh/

zh vwxg| dqg frpsduh wzr qrq0frrshudwlyh jdphv/ wkh jdph lqgxfhg e| wkh

xwlolw| ixqfwlrqv lq +;17, dqg/ dv ehqfkpdun/ wkh jdph ghulyhg iurp wkh vdph

prgho zkhq wkhuh duh qr pdunhwv iru folpdwh vhfxulwlhv1

Qrwh wkdw wklv frpsdulvrq rqo| pdnhv vhqvh li lw lv frpprq nqrzohgjh

dw wkh ehjlqqlqj ri wkh �uvw shulrg wkdw wkhuh zloo eh pdunhwv iru folpdwh

vhfxulwlhv lq wkh iroorzlqj shulrg1 Rqo| wkhq zloo frxqwulhv wdnh lqwr dffrxqw

wkh h�hfw ri wkhlu dedwhphqw ghflvlrq rq wkhvh pdunhwv zkhq pdnlqj wkhlu

dedwhphqw ghflvlrq1 Rwkhuzlvh/ wkhuh zrxog eh qr h�hfw rq hplvvlrqv dw doo1

Wkh dqwlflsdwlrq ri wkh h�hfw ri hplvvlrq ghflvlrqv rq wkh ixwxuh jdlqv iurp

wudgh lq folpdwh vhfxulwlhv lv wkh fuxfldo phfkdqlvp lq wklv fkdswhu wkdw olqnv

wkh plwljdwlrq dqg lqvxudqfh ghflvlrqv1

54Ri frxuvh/ d yhu| edvlf uhtxluhphqw iru dqwlflsdwlrq ri vhfxulw| pdunhw htxloleulxp lv
wkdw frxqwulhv duh lqiruphg derxw wkh wudglqj srvvlelolwlhv wkh| zloo kdyh lq wkh vhfrqg
shulrg1

55Shuihfw lqirupdwlrq derxw doo uhohydqw fkdudfwhulvwlfv ri doo wkh rwkhu frxqwulhv lv uh0
txluhg/ h1j1 frqfhuqlqj hqgrzphqwv/ xwlolw| ixqfwlrqv/ dqg suredelolw| ixqfwlrqv1 Lq sdu0
wlfxodu/ dv dujxhg lq Fkdswhu 8/ wkh vxemhfwlyh suredelolw| ixqfwlrqv duh fulwlfdo/ vlqfh wkh|
pd| eh plvuhsuhvhqwhg1
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;16 Wkh qrq0frrshudwlyh jdph lq wkh devhqfh
ri folpdwh vhfxulwlhv

;1614 Wrwdo xwlolw|

Irupdoo|/ wkh ehqfkpdun vfhqdulr zlwkrxw folpdwh vhfxulwlhv lv d vshfldo fdvh

ri wkh pruh jhqhudo iudphzrun gh�qhg lq Vhfwlrq ;15 deryh1 Frxqwulhv dozd|v

frqvxph wkhlu wklug shulrg hqgrzphqw/ l1h1 rW�jE.� ' f iru doo �c j dqg iru doo

. 5 d.4�?c .4@ o� Wkh lqgluhfw xwlolw| ixqfwlrq/ gh�qhg lq +;16,/ uhgxfhv wr

h{shfwhg xwlolw| iurp wklug shulrg hqgrzphqwv dqg lv ghqrwhg e|

%�E.� G' �W� Efc f(.� ' ��E.���E��k� n E�� ��E.����E��q�c +;18,

zkhuh �{� vwdqgv iru �h{shfwhg xwlolw| iurp hqgrzphqwv1� Vlqfh %�E�� grhv
qrw ghshqg rq vhfxulw| pdunhw htxloleulxp lw fduulhv qr dvwhulvn1

Wrwdo xwlolw|/ vxevwlwxwlqj %� iru �W� lq +;17,/ uhgxfhv wr

L�
� Ee�c � � � c e?� G' �� E�� � ��Ee��� n %�E.� +;19,

zkhuh wkh vxshuvfulsw ��� vwdqgv iru �Qr vhfxulwlhv1� Ghqrwh wkh Qdvk

htxloleulxp � jlyhq wkhuh h{lvwv d xqltxh Qdvk htxloleulxp56 � ri wkh lqgxfhg

qrq0frrshudwlyh jdph e| Ee�� c � � � c e
�
? � dqg wkh fruuhvsrqglqj htxloleulxp

xwlolw| ohyhov e| ��� G' L�
� Ee�� c � � � c e

�
? � iru � ' �c ��c ?� Ehiruh surfhhglqj

wr wkh dqdo|vlv ri qrq0frrshudwlyh htxloleulxp vrph edvlf surshuwlhv ri wkh

ghulydwlyhv ri wkh lqgluhfw xwlolw| ixqfwlrq %� duh vwdwhg1

;1615 Wkh h�hfw ri djjuhjdwh hplvvlrqv rq h{shfwhg
xwlolw| iurp wklug shulrg hqgrzphqwv

Wkh ghulydwlyh ri %� zlwk uhvshfw wr djjuhjdwh hplvvlrqv . lv jlyhq e|

%��E.� ' ��
�E.�� ~} �
	f

d��E��k�� ��E��q�o� +;1:,

Uhfdoo wkdw wkh ghulydwlyh ��
�E.� lv zhoo0gh�qhg rqo| rq wkh rshq lqwhuydo

E.4�?c .4@ � zkhuhdv iru wkh hqgsrlqwv ri wkdw lqwhuydo rqo| wkh uljkw ru

56H{lvwhqfh dqg xqltxhqhvv ri Qdvk htxloleulxp duh glvfxvvhg lq Vhfwlrq ;1616 ehorz1
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ohiw kdqg ghulydwlyhv duh gh�qhg157 Wkh vdph wkhq dssolhv wr wkh ghulydwlyh

%��E.�� Vlqfh �
�
�E.� 	 f �iru doo .� lq wkh vdph vhqvh/ zh lpphgldwho| jhw wkh

iroorzlqj uhvxow iru wkh vljq ri %�� zkhuh djdlq �iru doo .� kdv wr eh lqwhusuhwhg

dffruglqjo|1

Ohppd 6
Iru � ' �c ���c ?

%��E.�

;A?
A=

	

'

:

<A@
A> f �iru doo .� +, ��k

;A?
A=

:

'

	

<A@
A> ��q�

E| Ohppd 6 wkh vljq ri %��E.� lv frpsohwho| ghwhuplqhg e| wkh uhodwlrq0

vkls ehwzhhq frxqwu| �*v hqgrzphqwv ��k dqg ��qc l1h1 e| zkhwkhu wkh frxq0

wu| zrxog eh dgyhuvho| d�hfwhg e| dq lqfuhdvh lq joredo phdq whpshudwxuh ru

zkhwkhu lw pljkw hyhq ehqh�w iurp folpdwh fkdqjh1 Lq sduwlfxodu/ wkh vljq ri

%��E.� qhlwkhu ghshqgv rq ixuwkhu surshuwlhv ri wkh suredelolw| ixqfwlrq ��E��
+dsduw iurp dvvxpswlrq +;14,,/ qru rq wkh xwlolw| ixqfwlrq ��E���

Wdnlqj wkh ghulydwlyh zlwk uhvshfw wr . rqfh pruh lq +;1:, zh vhh wkdw

wkh vhfrqg ghulydwlyh/ %��� / lv dovr ghwhuplqhg e| wkh hqgrzphqw sdwwhuq dqg

wkh surshuwlhv ri wkh suredelolw| ixqfwlrq1 Zh kdyh

r�}?E%��� E.�� '

+
r�}?E���

� E.�� �iru doo .�/ li ��k : ��q

�r�}?E���
� E.�� �iru doo .�/ li ��k 	 ��q

� +;1;,

Li ��k : ��qc l1h1 frxqwu| � lv dgyhuvho| d�hfwhg e| joredo zduplqj/ %��� wdnhv

rq wkh vljq ri ���
� � Lq sduwlfxodu/ %� lv frqfdyh +frqyh{, li dqg rqo| li �� lv

frqfdyh +frqyh{,1 Li ��k 	 ��qc l1h1 li frxqwu| � ehqh�wv iurp joredo zduplqj/

wkh vljq lv uhyhuvhg1 Wkhq/ %� lv frqfdyh +frqyh{, li dqg rqo| li �� lv frqyh{

+frqfdyh,1

;1616 Qrq0frrshudwlyh ehkdylrxu

Zh qrz surfhhg wr wkh dqdo|vlv ri wkh qrq0frrshudwlyh jdph lqgxfhg e|

wkh xwlolw| ixqfwlrqv L�
� gh�qhg lq +;19,1 Uhfdoo wkdw wkh �uvw whup lq L�

�

57Fi1 dvvxpswlrq +;14,1
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lv vwulfwo| frqfdyh lq e� +fi1 Vhfwlrq ;1515,/ zkhuhdv wkh surshuwlhv ri wkh

vhfrqg whup fdq ydu| ghshqglqj rq wkh hqgrzphqw sdwwhuq +fi1 htxdwlrq

+;1;, deryh,1 Wkhuhiruh L�
� lv qrw qhfhvvdulo| d frqfdyh ixqfwlrq dqg wkh

vwdqgdug dqdo|vlv qrw dssolfdeoh1

Iru wkh sduwldo ghulydwlyh ri L�
� zlwk uhvshfw wr frxqwu| �*v hplvvlrqv e�

zh jhw

YL�
� Ee�c � � � c e?�

Ye�
' ��� E�� � ��Ee��� d�� �

�Ee��o� ~} �
:f

n%��E.�� +;1<,

Wkh �uvw h{suhvvlrq rq wkh uljkw kdqg vlgh ri +;1<, lv pdujlqdo xwlolw| zlwk

uhvshfw wr hplvvlrqv e� iurp wkh �uvw shulrg1 Uhfdoo wkdw lw lv odujhu wkdq }hur

e| wkh dvvxpswlrqv deryh1 Wkh vljq ri %��E.� lv ghwhuplqhg e| wkh uhodwlrq0

vkls ehwzhhq wkh wklug shulrg hqgrzphqwv dv glvfxvvhg deryh lq Ohppd 61

Lq sduwlfxodu/ wkh vljq ri %��E.� fdq eh srvlwlyh ru qhjdwlyh1

Iluvw rughu frqglwlrqv iru lqwhulru vroxwlrq

Vhwwlqj YL�
� Ee�c��� ce?�

Ye�

-
' f iru doo � |lhogv wkh �uvw rughu frqglwlrqv iru dq lqwhulru

Qdvk htxloleulxp

��� E�� ���Ee����
�
�Ee��� ~} �

	f

' %��E.� � ' �c ���c ?� +;143,

Iurp +;1<, lw lv fohdu wkdw iru dq lqwhulru Qdvk htxloleulxp Ee�?|� c ���c e�?|? � zlwk

uhvshfw wr e� � e4@ 
� wkh ghulydwlyh %��E.

�?|� kdv wr vdwlvi| %��E.
�?|� 	 f iru

doo � zkhuh .�?| G'
S

� e
�?|
� 1 Lq gl�huhqw zrugv/ frxqwu| � zloo rqo| hqjdjh lq

frvwo| dedwhphqw/ l1h1 fkrrvh dq lqwhulru vroxwlrq zlwk uhvshfw wr e� � e4@ 
� /

li lw lv dgyhuvho| d�hfwhg e| folpdwh fkdqjh1

Fruqhu vroxwlrqv dqg grplqdqw vwudwhjlhv

Ghqrwh wkh djjuhjdwh hplvvlrqv ri doo frxqwulhv � 9' � e| .3� G'
S

� �'� e��

Wkh udqjh ri .3� lv d.4�?
3� c .

4@ 
3� o G' d

S
� �'� e

4�?
� c

S
� �'� e

4@ 
� o� Lq wkh iroorzlqj

�iru doo e�� phdqv �iru doo e� 5 de4�?
� c e4@ 

� o� dqg �iru doo .3�� phdqv �iru doo

.3� 5 d.4�?
3� c .

4@ 
3� o�1 Dv h{sodlqhg deryh/ ghulydwlyhv iru wkh hqgsrlqwv ri

wkh lqwhuydo xqghu frqvlghudwlrq vkrxog eh lqwhusuhwhg dv uljkw ru ohiw kdqg

ghulydwlyhv rqo|1
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Frxqwu| � kdv wkh grplqdqw vwudwhj| e� ' e4@ 
� c li dqg rqo| li

YL�
� Ee�c � � � c e?�

Ye�
� f iru doo e�

/ ��� E�� � ��Ee����
�
�Ee��� ~} �

	f

� %��Ee� n .3�� iru doo e�c .3�� +;144,

Vlqfh wkh whup rq wkh ohiw kdqg vlgh ri lqhtxdolw| +;144, lv vwulfwo| lqfuhdvlqj

lq e� e| wkh dvvxpswlrqv rq �� dqg ��c +;144, lv htxlydohqw wr

��� E�� � ��Ee
4@ 
� ��� �

�Ee
4@ 
� � �%��Ee4@ 

� n .3�� iru doo .3�

/ ��� E����
�
�Ee

4@ 
� � �%��Ee4@ 

� n .3�� iru doo .3�� +;145,

Lq sduwlfxodu/ +;145, krogv zkhq %��E.� � f iru doo .� Vr/ qrw vxusulvlqjo|/ li

frxqwu| � lv qrw d�hfwhg e| folpdwh fkdqjh E��k ' ��q� ru hyhq sur�wv iurp

lw E��k 	 ��q�c lw zloo qrw eh suhsduhg wr lqyhvw lq dedwhphqw1

E| d vlplodu dujxphqw/ e�� ' e4�?
� lv d grplqdqw vwudwhj| iru frxqwu| �c li

dqg rqo| li

YL�
� Ee�c � � � c e?�

Ye�
� f iru doo e�

/ ���
�
�� � ��Ee

4�?
� �

�
� �
�Ee

4�?
� � � %��Ee

4�?
� n .3�� iru doo .3�

/ ��� Ef��
�
�Ee

4�?
� � � %��Ee

4�?
� n .3�� iru doo .3� +;146,

Vlqfh wkh ohiw kdqg vlgh ri lqhtxdolw| +;146, lv vpdoohu wkdq }hur/ wklv uhtxluhv

wkh uhvshfwlyh frxqwu| wr eh dgyhuvho| d�hfwhg e| folpdwh fkdqjh +%��Ee
4�?
� n

.3�� 	 f iru doo .3�� dqg/ pruhryhu/ wkh dgyhuvh h�hfw kdv wr eh uhodwlyho|

odujh158

H{lvwhqfh ri Qdvk htxloleulxp

Vx!flhqw frqglwlrqv iru wkh h{lvwhqfh ri Qdvk htxloleulxp duh jlyhq/ iru h{0

dpsoh/ lq Wkhruhp ��2 ri Ixghqehuj dqg Wluroh ^4<<4`1 Fohduo|/ wkh

vwudwhj| vsdfhv de4�?
� c e4@ 

� o reh| wkh uhtxluhphqwv59 olvwhg wkhuh1 Frqwlqxlw|

58Vlqfh wkh dujxphqw ri x3l lq +;146, lv }hur wkhuh pd| eh whfkqlfdo sureohpv fkhfnlqj
+;146, iru vrph xwlolw| ixqfwlrqv/ h1j1 iru xl+�, @ oq +�,=

59Wkh vwudwhj| vsdfhv kdyh wr eh qrqhpsw| frpsdfw frqyh{ vxevhwv ri d Hxfolghdq
vsdfh1
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ri wkh xwlolw| ixqfwlrqv lv dovr reylrxv15: Wkh lqwhuhvwlqj uhtxlvlwh iru h{0

lvwhqfh lv txdvl0frqfdylw| ri wkh xwlolw| ixqfwlrqv lq e�� Wdnlqj wkh vhfrqg

sduwldo ghulydwlyh zlwk uhvshfw wr e� zh jhw

Y2L�
� Ee�c � � � c e?�

Y2e�

' ���� E�� � ��Ee��� d�
�
�Ee��o

2 � ��� E�� � ��Ee����
��
� Ee��� ~} �

	f

n%��� E.��

Wkh vxp ri wkh �uvw wzr h{suhvvlrqv lv vpdoohu wkdq }hur e| wkh dvvxpswlrqv

rq �� dqg ��� Li
Y2L�

� Ee�c��� ce?�

Y2e�
	 f krogv/ wkh xwlolw| ixqfwlrq iru frxqwu| �

lv frqfdyh lq e�� Vlqfh frqfdylw| lpsolhv txdvl0frqfdylw| wkh vx!flhqw frqgl0

wlrqv lq wkh h{lvwhqfh wkhruhp zrxog wkhq eh vdwlv�hg1 Wkhuhiruh/ h{lvwhqfh

ri htxloleulxp lv jxdudqwhhg/ li %��� E.� lv vx!flhqwo| vpdoo/ lq sduwlfxodu/ li

%��� E.� � f iru doo . dqg doo �� Qrwh/ krzhyhu/ wkdw iru wkh jhqhudo fdvh h{lv0

whqfh lv qrw jxdudqwhhg1

Uhdfwlrq ixqfwlrqv

Lpsolflwo| gl�huhqwldwlqj wkh �uvw rughu frqglwlrq lq +;143, zlwk uhvshfw wr

.3� |lhogv wkh ghulydwlyh ri wkh uhdfwlrq ixqfwlrq iru frxqwu| �

e��E.3�� ' � %��� E.�

���� E�� ���Ee��� d�
�
�Ee��o

2 � ���E�� � ��Ee����
��
� Ee��� ~} �

	f

n%��� E.�
�

+;147,

Li wkh vx!flhqw frqglwlrqv iru h{lvwhqfh ri htxloleulxp krog/ l1h1 %��� E.� lv

vx!flhqwo| vpdoo/ wkh ghqrplqdwru ri e��E.3�� lv vpdoohu wkdq }hur1 Wkhq/ wkh

vljq ri e��E.3�� lv ghwhuplqhg e| wkdw ri %��� E.�� Iru %
��
� E.� 	 f wkh uhdfwlrq

ixqfwlrq lv grzqzdug vorslqj dqg iru %��� E.� : f lw lv xszdug vorslqj15;

Iru frqfdyh %� wkh devroxwh vorsh ri wkh uhdfwlrq ixqfwlrq lv vpdoohu wkdq

rqh/ l1h1 me��E.3��m 	 � krogv iru doo .3�� Li wkdw lv wkh fdvh iru doo frxqwulhv/

xqltxhqhvv lv dovr jxdudqwhhg15<

5:Frqwlqxlw| iroorzv iurp gl�huhqwldelolw|/ zklfk zdv lpsolflwo| dvvxphg lq uhtxlulqj
x3l A 3=

5;Uhdfwlrq ixqfwlrqv pd| eh qrq0prqrwrqrxv li {33l +H, h{klelwv d fkdqjh ri vljq1
5<Vhh Wluroh ^4<;;`/ s1 5591
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;1617 Olqhdu suredelolw| ixqfwlrqv

Qrq0frrshudwlyh ehkdylrxu

Pdwwhuv vlpsoli| frqvlghudeo| iru olqhdu suredelolw| ixqfwlrqv1 Vlqfh %� lv

d olqhdu ixqfwlrq ri .c lwv ghulydwlyh %�� lv d frqvwdqw/ ghqrwhg 7%�� lq wkh

iroorzlqj1 Wkhq wkh ghulydwlyh YL�
� Ee�c��� ce?�

Ye�
grhv qrw ghshqg rq .3� dqg wkhuh

lv qr vwudwhjlf lqwhudfwlrq ehwzhhq wkh gl�huhqw frxqwulhv1 Frqvhtxhqwo|/ doo

uhdfwlrq ixqfwlrqv duh frqvwdqwv/ l1h1 wkh vorsh ri wkh uhdfwlrq ixqfwlrq lq

+;147, lv }hur1 Wkh uhvxowlqj Qdvk htxloleulxp lv fkdudfwhul}hg lq Sursrvlwlrq

451

Sursrvlwlrq 45 +Qrq0frrshudwlyh htxloleulxp zlwkrxw vhfxulw| pdunhwv,

Ohw wkh suredelolw| ixqfwlrqv �� eh olqhdu iru doo � ' �c ���c ?1 Wkhq wkhuh

h{lvwv d xqltxh Qdvk htxloleulxp Ee�� c ���c e
�
? � lq wkh qrq0frrshudwlyh jdph

lqgxfhg e| +;19, zkhuh

e�� '

;A?
A=

e4@ 
� c li ��� E����

�
�Ee

4@ 
� � � 7%��

e4�?
� c li ���Ef��

�
�Ee

4�?
� � � 7%��

e�?|� c hovh

+;148,

dqg zkhuh e�?|� vroyhv +;143, iru frxqwu| ��

Wkh surri iroorzv lpphgldwho| iurp wkh dqdo|vlv lq Vhfwlrq ;1616 deryh1

E| Sursrvlwlrq 45 wkhuh lv d xqltxh Qdvk htxloleulxp lq grplqdqw vwudwhjlhv

zkhq suredelolw| ixqfwlrqv duh olqhdu1 Qrwh wkdw wkh vwdqgdug vx!flhqw frqgl0

wlrqv iru h{lvwhqfh duh dovr vdwlv�hg/ vlqfh Y2L�
� Ee�c��� ce?�

Y2e�
	 f krogv1 Xqltxhqhvv

wulyldoo| iroorzv gxh wr uhdfwlrq ixqfwlrqv ehlqj frqvwdqw ixqfwlrqv1

Frrshudwlrq

Dv d ixuwkhu ehqfkpdun frqvlghu wkh rxwfrph li wkhuh zdv frrshudwlrq eh0

wzhhq wkh frxqwulhv1 Iru vlpsolflw|/ dvvxph wkdw wkh vxp ri frxqwulhv* xwlol0

wlhv lv pd{lpl}hg udwkhu wkdq d zhljkwhg vxp1 Wkh �uvw rughu frqglwlrqv iru
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frrshudwlyh ehkdylrxu/ dvvxplqj dq lqwhulru doorfdwlrq/63 duh

� �
�Ee���

�
�E�� � ��Ee���� ~} �

	f

'
?[
�'�

7%�� iru doo � ' �c ���c ?� +;149,

Ghqrwh wkh vroxwlrq wr wkh v|vwhp ri htxdwlrqv lq +;149, � li h{lvwhqw dqg

xqltxho| ghwhuplqhg � e| e�� c ���c e
�
? �

Lq rughu wr irfxv rq wkh gl�huhqfh ehwzhhq frrshudwlrq dqg qrq0frrshudwlrq

dvvxph iru d prphqw wkdw frxqwulhv duh lghqwlfdo frqfhuqlqj wkh �uvw shulrg

sdudphwhuv1 Wkhq wkh ohiw kdqg vlghv ri +;149, duh wkh vdph iru doo frxqwulhv

dqg/ frqvhtxhqwo|/ frrshudwlyh hplvvlrq ohyhov duh dozd|v v|pphwulf1

Iljxuh ;17= Looxvwudwlrq ri wkh �uvw rughu frqglwlrqv iru frrshudwlyh eh0

kdylrxu1 Zkhq 7%�� lv odujhu wkdq
S?

�'� 7%
�
�c h1j1

S?
�'� 7%

�
� htxdo wr 5c frrs0

hudwlyh hplvvlrqv e�� duh vpdoohu wkdq qrq0frrshudwlyh hplvvlrqv e�� � Zkhq

7%�� lv vpdoohu wkdq
S?

�'� 7%
�
�c h1j1

S?
�'� 7%

�
� htxdo wr 75c frrshudwlyh hplvvlrqv

7e�� duh odujhu wkdq qrq0frrshudwlyh hplvvlrqv e�� �

Vlqfh wkh ohiw kdqg vlgh lq wkh uhvshfwlyh �uvw rughu frqglwlrqv +;143, dqg

+;149, lv lghqwlfdo/ wkh fuxfldo srlqw iru frpsdulvrq ri frxqwu| �*v hplvvlrqv lq

d qrq0frrshudwlyh dqg d frrshudwlyh hqylurqphqw lv wkh uhodwlrqvkls ehwzhhq

7%�� dqg
S?

�'� 7%
�
�� Wkh vlwxdwlrq lv looxvwudwhg lq Iljxuh ;171 Uhfdoo wkdw wkh ohiw

63Lq dqdorj| wr +;144, dqg +;146, wkhuh zloo eh fruqhu vroxwlrqv/ li
Sq

m@4 �{
3
m lv hlwkhu yhu|

odujh ru yhu| vpdoo vr wkdw lw grhv qrw lqwhuvhfw zlwk wkh ohiw kdqg vlgh ri +;149, lq wkh
uhohydqw udqjh ri hl=
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kdqg kdqg vlgh ri erwk w|shv ri �uvw rughu frqglwlrqv lv vpdoohu wkdq }hur

dqg lqfuhdvhv zlwk e�c zkhuhdv gxh wr olqhdulw| ri wkh suredelolw| ixqfwlrqv

erwk 7%�� dqg
S?

�'� 7%
�
� duh frqvwdqwv1 Li 7%

�
� :

S?
�'� 7%

�
� krogv/ frrshudwlyh hplv0

vlrqv e�� iru frxqwu| � duh vpdoohu wkdq qrq0frrshudwlyh hplvvlrqv e�� dqg

li 7%�� 	
S?

�'� 7%
�
� krogv/ frrshudwlyh hplvvlrqv iru frxqwu| � duh odujhu wkdq

qrq0frrshudwlyh hplvvlrqv1

Lq sduwlfxodu/ 7%�� :
S?

�'� 7%
�
� dozd|v krogv iru doo � e| Ohppd 6 li zh

kdyh rqo| dgyhuvho| d�hfwhg frxqwulhv1 Wkhq zh kdyh wkh w|slfdo Sulvrqhu*v

Glohppd Vlwxdwlrq lq zklfk wkh qrq0frrshudwlyh dedwhphqw h�ruw lv wrr orz1

Krzhyhu/ li wkhuh duh frxqwulhv zklfk ehqh�w iurp joredo zduplqj/ 7%�� 	S?

�'� 7%
�
� pd| krog dqg wkhq qrq0frrshudwlyh hplvvlrq ohyhov pd| eh kljkhu

wkdq wkh frrshudwlyh ohyhov iru vrph frxqwulhv1 Wklv zrxog eh d vlwxdwlrq qrw

riwhq hqfrxqwhuhg lq hqylurqphqwdo hfrqrplfv1

Ri frxuvh/ lq jhqhudo/ qhlwkhu wkh xwlolw| ixqfwlrqv qru wkh dedwhphqw frvw

ixqfwlrqv qru wkh �uvw shulrg hqgrzphqw fdq eh h{shfwhg wr eh lghqwlfdo iru

doo frxqwulhv1 Wkhq/ frrshudwlyh hplvvlrq ohyhov duh qr orqjhu v|pphwulf dqg

wkh deryh glvfxvvlrq kdv wr eh prgl�hg dffruglqjo|1

;17 Wkh qrq0frrshudwlyh jdph zlwk folpdwh
vhfxulwlhv

;1714 Wrwdo xwlolw|

Wkh xwlolw| ixqfwlrqv iru wkh vfhqdulr zlwk folpdwh vhfxulwlhv zhuh douhdg|

gh�qhg lq +;16,1 Wkh nh| whup lv h{shfwhg xwlolw| �W� iurp wkh wklug shulrg�

Iru ixuwkhu dqdo|vlv lw lv frqyhqlhqw wr ghfrpsrvh �W� lqwr h{shfwhg xwlolw|

iurp hqgrzphqwv/ %�c dv gh�qhg lq Vhfwlrq ;1616 dqg dq dgglwlrqdo whup/

h{shfwhg jdlqv iurp wudgh lq folpdwh vhfxulwlhv1 Iru � ' �c ���c ? gh�qh wkh

h{shfwhg jdlqv iurp wudgh dv wkh gl�huhqfh ehwzhhq wrwdo h{shfwhg xwlolw| �W�
dqg h{shfwhg xwlolw| iurp hqgrzphqwv %�c

}W� E.� G' �W� E.�� %�E.�� +;14:,
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Wkh dvwhulvn dv vxshuvfulsw djdlq lqglfdwhv wkdw wkhvh duh htxloleulxp64 ydoxhv1

Vlqfh sduwlflsdwlrq lq vhfxulw| wudglqj lv yroxqwdu|/ qdwxudoo| }W� E.� � f kdv

wr krog iru doo . dqg iru doo �� Soxjjlqj lq wkh gh�qlwlrqv ri �W� dqg %� zh jhw

}W� E.� ' ��E.��
W
�kE.� n E����E.���

W
�qE.�

zkhuh �W�jE.� G' ��E��j n rW�jE.��� ��E��j� iru j ' kc q�

Zkhuhdv rW�kE.� dqg rW�qE.� uhsuhvhqw wkh wudqvihu pdgh e| frxqwu| �

ehwzhhq wkh wzr vwdwhv h{suhvvhg lq whupv ri wkh qxphudluh/ �W�kE.� dqg

�W�qE.� uhsuhvhqw wkh vdph wudqvihu h{suhvvhg lq whupv ri xwlolw|1 Vlqfh r
W
�kE.�

dqg rW�qE.� kdyh rssrvlwh vljqv e| wkh vhoi0�qdqflqj sruwirolr frqvwudlqw +;15,/

�W�kE.� dqg �W�qE.� dovr kdyh rssrvlwh vljqv1

E| +;17, dqg wkh iroorzlqj ghfrpsrvlwlrq

�W� E.� ' %�E.� n }W� E.� +;14;,

zulwh wrwdo xwlolw| zlwk pdunhwv iru folpdwh vhfxulwlhv dv

L7
� Ee�c � � � c e?� G' �� E�� � ��Ee��� n %�E.� n }W� E.� +;14<,

zkhuh wkh vxshuvfulsw �7� vwdqgv iru �Vhfxulwlhv1� Ghqrwh wkh Qdvk htxlole0

ulxp65 lq wkh qrq0frrshudwlyh jdph lqgxfhg e| +;14<, e| e7� c � � � c e
7
? dqg

wkh fruuhvsrqglqj htxloleulxp xwlolw| ohyhov e| �7� G' L7
� Ee

7
� c � � � c e

7
?� iru

� ' �c ���c ?� Ehiruh surfhhglqj wr wkh dqdo|vlv ri wkh lqgxfhg qrq0frrshudwlyh

jdph wkh h{shfwhg jdlqv iurp wudgh }W� E.�c wkh nh| h{suhvvlrq lq wkh xwlolw|

ixqfwlrqv/ duh glvfxvvhg lq ghwdlo1

;1715 Wkh h�hfw ri djjuhjdwh hplvvlrqv rq h{shfwhg
wklug shulrg xwlolw|

Xvlqj wkh ghfrpsrvlwlrq ri h{shfwhg xwlolw| iurp wkh wklug shulrg lq +;14;,

E�W� �
�E.� ' %��E.� n E}W� �

�E.��

64�Htxloleulxp� khuh uhihuv wr vhfxulw| pdunhw htxloleulxp lq wkh vhfrqg shulrg1
65Jlyhq wkhuh lv d xqltxh Qdvk htxloleulxp1 H{lvwhqfh dqg xqltxhqhvv duh glvfxvvhg lq

Vhfwlrq ;1716 ehorz1
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E| Ohppd 6 zh nqrz wkdw wkh vljq ri %��E.� ghshqgv rq wkh uhodwlrq ehwzhhq

frxqwu| �*v hqgrzphqwv ��k dqg ��q� Iru wkh ghulydwlyh ri wkh h{shfwhg jdlqv

iurp wudgh }W� E.� zh jhw

E}W� �
�E.� '��

�E.��
W
�kE.� n ��E.�E�

W
�k�

�E.�

� ��
�E.���

W
�qE.� n E�� ��E.��E�

W
�q�

�E.�

'��
�E.�

�
�W�kE.�� �W�qE.�

�
n��E.��

�
�E��k n rW�kE.��Er

W
�k�

�E.�

n E�� ��E.���
�
�E��q n rW�qE.��Er

W
�q�

�E.�� +;153,

Wkh lqwhusuhwdwlrq ri wkh h{suhvvlrq ghulyhg iru E}W� �
�E.� lq +;153, lv dv

iroorzv1 D pdujlqdo lqfuhdvh lq �uvw shulrg djjuhjdwh hplvvlrqv . kdv wzr

gl�huhqw h�hfwv166 Wkh �uvw h�hfw vwhpv iurp wkh fkdqjh lq suhihuhqfhv67

dqg wkh uhvxowlqj fkdqjh lq wkh hydoxdwlrq ri wkh jlyhq vhfxulw| pdunhw htxl0

oleulxp1 Iru d pdujlqdo lqfuhdvh lq .c frxqwu| �*v suredelolw| iru vwdwh k

lqfuhdvhv e| ��
�E.� vr wkdw xwlolw| iurp vwdwh k frqwulexwhv pruh wr h{shfwhg

xwlolw| dqg xwlolw| iurp vwdwh q frqwulexwhv ohvv1 Wklv h�hfw lv uhsuhvhqwhg e|

wkh whup ��
�E.�

�
�W�kE.�� �W�qE.�

�
1 Li/ iru h{dpsoh/ �W�kE.� : fc l1h1 frxqwu|

� ex|v vhfxulw| k lq htxloleulxp/ wkhq wkh h{wud xwlolw| �W�kE.� wudqvihuuhg

wr vwdwh k frqwulexwhv pruh wr h{shfwhg xwlolw| zkhq . lqfuhdvhv1 Rq wkh

rwkhu kdqg/ wkh wudqvihu ri xwlolw| �W�qE.� 	 f dzd| iurp vwdwh q frxqwv ohvv

zkhq . lqfuhdvhv1 Wkhuhiruh/ ��
�E.�

�
�W�kE.�� �W�qE.�

�
zrxog eh wkh qhw lq0

fuhdvh lq h{shfwhg xwlolw| iru d pdujlqdo lqfuhdvh ri . li wkh vhfxulw| pdunhw

htxloleulxp glg qrw dgmxvw wr wkh lqfuhdvh lq .�

Krzhyhu/ wkh vhfxulw| pdunhw htxloleulxp grhv dgmxvw wr d pdujlqdo lq0

fuhdvh lq .� Wkxv/ wkh vhfrqg h�hfw dulvhv iurp wklv dgmxvwphqw ri vhfxulw|

pdunhw htxloleulxp wr dq lqfuhdvh lq .c kroglqj suredelolwlhv frqvwdqw1 Lq

sduwlfxodu/ htxloleulxp vhfxulw| wudghv uhdfw e| ErW�k�
�E.� dqg ErW�q�

�E.�� Wklv

lq wxuq d�hfwv pdujlqdo xwlolw| ���E��k n rW�kE.�� lq htxloleulxp Ej ' kc q�1

Wkhvh fkdqjhv lq xwlolw| iru hdfk ri wkh vwdwhv iurp wkh dgmxvwphqw ri vhfxulw|

pdunhw htxloleulxp wr d pdujlqdo lqfuhdvh lq . duh zhljkwhg zlwk wkh ruljlqdo

suredelolwlhv ��E.� dqg E����E.�� khog frqvwdqw1

Wkhuhiruh/ wkh ryhudoo h�hfw ri d pdujlqdo lqfuhdvh lq . rq wkh h{shfwhg

jdlqv iurp wudgh }W� E.� fdq eh lqwhusuhwhg dv vxp ri d �suhihuhqfh h�hfw�

66Irupdoo|/ wkhvh wzr h�hfwv vwhp iurp wkh dssolfdwlrq ri wkh surgxfw uxoh1
67Vhh Iljxuh ;161
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dqg dq �htxloleulxp dgmxvwphqw h�hfw�1 Erwk h�hfwv fdq kdyh d srvlwlyh ru

qhjdwlyh vljq iru wkh jhqhudo fdvh1

Frqvhtxhqwo|/ wkh vljq ri E�W� �
�E.� lv dovr dpeljxrxv lq jhqhudo1 Lw lv

vkrzq lq Vhfwlrq ;19 wkdw E�W� �
�E.� riwhq h{klelwv d fkdqjh ri vljq/ l1h1 �W� E.�

lv qrw qhfhvvdulo| prqrwrqrxv/ dqg fdq wdnh rq txlwh luuhjxodu vkdshv/ gh0

shqglqj rq wkh ixqfwlrqdo vshfl�fdwlrqv dqg sdudphwhuv1

Gxh wr wkh frpsoh{ vwuxfwxuh ri �W� wkh dqdo|vlv ri wkh qrq0frrshudwlyh

jdph iru wkh fdvh zlwk vhfxulwlhv lq wkh iroorzlqj vhfwlrq lv xqolnho| wr |lhog

fohdu0fxw uhvxowv1

;1716 Qrq0frrshudwlyh ehkdylrxu

Vlqfh wkh xwlolw| ixqfwlrqv iru wkh fdvh zlwk vhfxulw| pdunhwv lq +;14<, rqo|

gl�hu iurp wkrvh iru wkh fdvh zlwkrxw vhfxulw| pdunhwv +;19, e| wkh dgglwlrqdo

jdlqv iurp wudgh whup }W� E.� zh fdq gudz iurp wkh dqdo|vlv iru wkh ehqfkpdun

vfhqdulr lq Vhfwlrq ;1616/ phuho| vxevwlwxwlqj %��E.� n E}W� �
�E.� iru %��E.��

Reylrxvo|/ gl�huhqfhv lq wkh rxwfrph frpsduhg wr wkdw ri wkh ehqfkpdun

vfhqdulr zloo ghshqg rq/ �uvwo|/ wkh vljqv ri %�� dqg E}W� �
� dqg/ vhfrqgo|/ wkhlu

uhodwlyh vl}h1 Wkh pdlq txhvwlrq lv/ gr wkh h{shfwhg jdlqv iurp wudgh uhlqirufh

ru uhgxfh wkh edvlf dedwhphqw lqfhqwlyh uhsuhvhqwhg e| %��q

Iluvw rughu frqglwlrqv iru lqwhulru vroxwlrq

Vxevwlwxwlqj %��E.� n E}W� �
�E.� iru %��E.� lq +;143, dq lqwhulru Qdvk htxlole0

ulxp68 zlwk vhfxulwlhv lv fkdudfwhul}hg e| wkh �uvw rughu frqglwlrqv

� �
�Ee���

�
�E�� � ��Ee���� ~} �

	f

' %��E.� n E}W� �
�E.�� ~} �

E�W� �
�E.�

+;154,

iru doo � ' �c � � � c ?�

68Lq dqdorj| wr +;145, dqg +;146, wkhuh zloo eh fruqhu vroxwlrqv li +y�l ,
3+H, lv uhodwlyho|

odujh ru uhodwlyho| vpdoo vr wkdw wkhuh lv qr lqwhuvhfwlrq zlwk pdujlqdo xwlolw| rq wkh ohiw
kdqg vlgh ri +;154,1
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H{lvwhqfh ri Qdvk htxloleulxp

E| wkh vdph dujxphqw dv lq Vhfwlrq ;1616 wkh vwdqgdug frqglwlrqv iru h{lv0

whqfh ri Qdvk htxloleulxp zloo eh vdwlv�hg/ li E�W� �
��E.� lv qrw wrr odujh1 Lq

sduwlfxodu/ d vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri Qdvk htxloleulxp lq wkh

jdph lqgxfhg e| +;14<, lv

E�W� �
��E.� ' %��� E.� n E}W� �

��E.� 	 f iru doo � dqg iru doo .� +;155,

Wkh h{dpsohv lq Vhfwlrq ;19 ehorz looxvwudwh wkdw lqhtxdolw| +;155, lv riwhq

vdwlv�hg/ lq sduwlfxodu iru olqhdu suredelolw| ixqfwlrqv/ vlqfh wkhq }W� E.� lv

lqyhuvho| X0vkdshg1 Krzhyhu/ lqhtxdolw| +;155, grhv qrw krog lq jhqhudo1

Vhfwlrq ;19 dovr suhvhqwv h{dpsohv iru zklfk +;155, lv ylrodwhg1 Wkhuhiruh/

h{lvwhqfh ri Qdvk htxloleulxp lq sxuh vwudwhjlhv lv qrw dozd|v jxdudqwhhg lq

wkh vfhqdulr zlwk folpdwh vhfxulwlhv169

Uhdfwlrq ixqfwlrqv

Frqfhuqlqj wkh uhdfwlrq ixqfwlrqv/ wkh vwuxfwxuh ri e��E.3�� qdwxudoo| sdudoohov

wkdw iru wkh ehqfkpdun fdvh lq +;147,1 Jlyhq wkdw wkh vx!flhqw frqglwlrqv

iru h{lvwhqfh ri htxloleulxp duh vdwlv�hg/ l1h1 Y2L7
� Ee�c��� ce?�

Y2e�
	 fc e| wkh vdph

dujxphqw dv lq Vhfwlrq ;1616/ wkh vorsh ri wkh uhdfwlrq ixqfwlrq lv ghwhuplqhg

e| wkh vljq ri E�W� �
��E.�� Li E�W� �

��E.� 	 fc wkh uhdfwlrq ixqfwlrq lv grzqzdug

vorslqj/ li E�W� �
��E.� : fc lw lv xszdug vorslqj1 Wkhuhiruh/ wkh uhdfwlrq ixqfwlrq

grhv qrw qhfhvvdulo| kdyh wr eh prqrwrqrxv1

Qrwh wkdw li wkh h{shfwhg jdlqv iurp wudgh duh frqfdyh lq./ l1h1 E�W� �
��E.� 	

f iru doo .c lw lv vwudljkwiruzdug wr vkrz wkdw wkh devroxwh vorsh ri wkh uhdf0

wlrq ixqfwlrq lv vpdoohu wkdq rqh1 Lq wkdw fdvh h{lvwhqfh dqg xqltxhqhvv ri

htxloleulxp duh jxdudqwhhg16:

;1717 Olqhdu suredelolw| ixqfwlrqv

Iru olqhdu suredelolwlhv/ wkh h{suhvvlrq %��� E.� gursv rxw hyhu|zkhuh lq wkh

dqdo|vlv deryh1 Li wkh h{shfwhg jdlqv iurp wudgh duh d frqfdyh ixqfwlrq ri .c
69Ri frxuvh/ dq htxloleulxp pd| h{lvw/ hyhq li wkh vx!flhqw frqglwlrqv gr qrw krog1 Wklv

lv wkh fdvh iru H{dpsoh 9 lq Vhfwlrq ;19 ehorz1
6:Vhh Wluroh ^4<;;`/ s1 5591
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h{lvwhqfh dqg xqltxhqhvv ri Qdvk htxloleulxp duh jxdudqwhhg1 Lq frqwudvw wr

wkh ehqfkpdun vfhqdulr wkhuh lv qr grplqdqw vwudwhj| htxloleulxp1

;18 Wkh h�hfw ri pdunhwv iru folpdwh vhfxul0
wlhv rq qrq0frrshudwlyh ehkdylrxu

;1814 Hplvvlrq ohyhov

Lq Vhfwlrqv ;1616 dqg ;1716 deryh wkh qrq0frrshudwlyh jdphv zlwkrxw dqg

zlwk pdunhwv iru folpdwh vhfxulwlhv zhuh dqdo|vhg1 Lq rughu wr lvrodwh wkh

h�hfw ri pdunhwv iru folpdwh vhfxulwlhv rq hplvvlrq ohyhov/ wkh htxloleulxp

rxwfrphv ri wkhvh wzr jdphv kdyh wr eh frpsduhg1 Vr idu/ wkh txhvwlrq krz

wkh htxloleulxp rxwfrphv/ l1h1 wkh Qdvk htxloleulxp hplvvlrqv e�� dqg e7� /

frpsduh zlwk hdfk rwkhu/ vwloo uhpdlqv xqdqvzhuhg1

Krzhyhu/ wklv txhvwlrq fdqqrw eh dqvzhuhg lq jhqhudo1 Wkh dqdo|wlfdo

frpsoh{lw| ri wkh nh| gl�huhqfh ehwzhhq wkh wzr jdphv/ wkh h{shfwhg jdlqv

iurp wudgh zklfk zhuh vwxglhg lq Vhfwlrq ;1716/ douhdg| vxjjhvwhg wkdw wkhuh

fdqqrw eh d jhqhudo uhvxow frqfhuqlqj wklv frpsdulvrq1 Wklv lv lqghhg wkh

fdvh1 Lw lv vkrzq lq Vhfwlrq ;19 ehorz wkdw wkh h�hfw ri pdunhwv iru fol0

pdwh vhfxulwlhv rq htxloleulxp hplvvlrqv lv ixqgdphqwdoo| dpeljxrxv1 Wkh

frqfoxvlrqv wkdw fdq eh gudzq duh vxppdul}hg lq Sursrvlwlrq 461

Sursrvlwlrq 46
Htxloleulxp hplvvlrqv e7� lq wkh qrq0frrshudwlyh jdph zlwk vhfxulw| pdunhwv

fdq eh hlwkhu kljkhu ru orzhu wkdq htxloleulxp hplvvlrqv e�� lq wkh fruuh0

vsrqglqj jdph zlwkrxw vhfxulw| pdunhwv iru doo frxqwulhv �� Pruh suhflvho|/

hdfk ri wkh wkuhh fdvhv

d, e7� � e�� iru doo �c

e, e7� 	 e�� iru doo �c

f, e7� � e�� iru doo � 5 ac zkhuh a � i�c ���c ?j/ dqg
e7& 	 e�& iru doo & 5 i�c ���c ?j q a
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pd| dulvh1

Surri1 Vhh H{dpsohv 7 dqg 8 lq Vhfwlrq ;19 ehorz1

E| Sursrvlwlrq 46 pdunhwv iru folpdwh vhfxulwlhv fdq kdyh d zlgh udqjh ri

h�hfwv rq dedwhphqw dfwlylw|1 Wkh| fdq hqfrxudjh dedwhphqw iru doo frxq0

wulhv/ exw wkh| fdq dovr pdnh dedwhphqw ohvv dwwudfwlyh iru doo frxqwulhv1 Hyhq

pruh frpsolfdwhg/ wkh| pd| kdyh gl�huhqw h�hfwv rq wkh dedwhphqw dfwlylw|

ri gl�huhqw frxqwulhv1

Uhpdun 4 Qrwh wkdw qrq0frrshudwlyh hplvvlrqv zlwk pdunhwv iru folpdwh

vhfxulwlhv duh qrw qhfhvvdulo| forvhu wr wkh frrshudwlyh hplvvlrq ohyhov wkdq

qrq0frrshudwlyh hplvvlrqv zlwkrxw pdunhwv iru folpdwh vhfxulwlhv1 Wkh h�hfw

lv htxdoo| dpeljxrxv dv wkh h�hfw rq hplvvlrq ohyhov lq jhqhudo1

Wklv fdq hdvlo| eh vhhq lq H{dpsoh 7 lq Vhfwlrq ;19 ehorz1

;1815 Zhoiduh

Wklv vhfwlrq dguhvvhv wkh txhvwlrq krz frxqwulhv* xwlolw| ohyhov duh d�hfwhg e|

pdunhwv iru folpdwh vhfxulwlhv/ jlyhq wkdw qrq0frrshudwlyh ehkdylrxu uhljqv1

Qrwh �uvw ri doo/ wkdw � jlyhq wkhuh duh pdunhwv iru folpdwh vhfxulwlhv � hdfk

frxqwu| fdq rqo| ehqh�w iurp wkhvh pdunhwv vlqfh sduwlflsdwlrq lv yroxqwdu|1

Wkh txhvwlrq/ krzhyhu/ lv gr frxqwulhv ehqh�w iurp pdunhwv iru folpdwh vh0

fxulwlhv uhodwlyh wr d vlwxdwlrq lq zklfk wkhuh duh qr vxfk pdunhwvB Iru wklv

dvshfw/ htxloleulxp xwlolw| ohyhov zlwkrxw dqg zlwk vhfxulw| pdunhwv kdyh wr

eh frpsduhg1 Wdnlqj lqwr dffrxqw wkh ihhgedfn/ l1h1 wkh h�hfw ri vhfxulw|

pdunhwv rqwr wkh dedwhphqw ghflvlrq/ wkhuh pd| eh d qhjdwlyh h�hfw rqwr d

frxqwu|*v xwlolw| dowrjhwkhu1 Wklv lv frq�uphg e| Sursrvlwlrq 471

Sursrvlwlrq 47
Htxloleulxp xwlolw| ohyhov �7� lq wkh qrq0frrshudwlyh jdph zlwk vhfxulw| pdu0

nhwv fdq eh hlwkhu kljkhu ru orzhu wkdq htxloleulxp xwlolw| ohyhov ��� lq wkh

fruuhvsrqglqj jdph zlwkrxw vhfxulw| pdunhwv iru doo frxqwulhv �� Lq sduwlfx0

odu/ htxloleulxp xwlolw| pd| eh vpdoohu iru doo frxqwulhv lq wkh qrq0frrshudwlyh

jdph zlwk vhfxulwlhv wkdq lq wkh qrq0frrshudwlyh jdph zlwkrxw vhfxulwlhv1
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Surri1 Vhh Vhfwlrq ;1916 ehorz dqg/ lq sduwlfxodu/ H{dpsoh 91

Sursrvlwlrq 47 frq�upv wkh dpeljxlw| ri wkh lpsdfw ri pdunhwv iru fol0

pdwh vhfxulwlhv1 Lq dgglwlrq wr wkh dpeljxlw| ri wkhlu h�hfw rq htxloleulxp

hplvvlrq ohyhov wkhuh lv dovr dpeljxlw| zlwk uhvshfw wr wkh zhoiduh h�hfw1

Zkhuhdv wkh gluhfw zhoiduh h�hfw ri vxfk pdunhwv fdqqrw eh qhjdwlyh vlqfh

sduwlflsdwlrq lv yroxqwdu|/ Sursrvlwlrq 47 vkrzv wkdw wkh ryhudoo h�hfw/ wudqv0

plwwhg lqgluhfwo| yld wkh dedwhphqw ghflvlrqv lq wkh �uvw shulrg/ fdq srwhq0

wldoo| pdnh doo frxqwulhv zruvh r�16;

Zlwklq wkh frqwh{w ri wkh Vhfrqg Ehvw Wkhruhp wkh dpeljxlw| ri wkh

zhoiduh h�hfwv kdg wr eh h{shfwhg1 Lqwurgxflqj pdunhwv iru folpdwh vhfxulwlhv

uhpryhv rqh ri wkh glvwruwlrqv/ devhqfh ri lqvxudqfh pdunhwv/ l1h1 �folpdwh

vwdwh ghshqghqw� pdunhwv1 Krzhyhu/ pdunhwv iru folpdwh vhfxulwlhv gr qrw

holplqdwh wkh vhfrqg pdunhw lpshuihfwlrq/ wkh h{whuqdo h�hfw ri rqh frxqwu|*v

hplvvlrqv rq doo rwkhu frxqwulhv* xwlolw|1 Wkhuhiruh/ lw lv qrw vxusulvlqj wkdw

e| Sursrvlwlrq 47 zhoiduh zloo qrw qhfhvvdulo| lpsuryh li rqo| wkh �uvw pdunhw

lpshuihfwlrq lv uhpryhg1

;19 H{dpsohv

Wklv vhfwlrq suhvhqwv wkh h{dpsohv/ dprqjvw rwkhuv/ wkdw Sursrvlwlrqv 46 dqg

47 duh edvhg rq1 Wkh| suryh wkh dpeljxlw| ri wkh h�hfw ri folpdwh vhfxulwlhv

zlwk uhvshfw wr hplvvlrq ohyhov dqg zhoiduh1

;1914 Dgglwlrqdo dvvxpswlrqv dqg ixqfwlrqdo vshfl�fd0
wlrqv

Doo fdofxodwlrqv lq wklv vhfwlrq duh pdgh iru wkh fdvh ri wzr frxqwulhv rqo|1

Reylrxvo|/ wklv lv qrw d vdwlvidfwru| vlpsol�fdwlrq vlqfh iru ? ' 2 wkh dvvxps0

wlrq ri frpshwlwlyh pdunhwv iru folpdwh vhfxulwlhv lv qrw sodxvleoh dq|pruh1

Qhyhuwkhohvv/ lq rughu wr suryh Sursrvlwlrqv 46 dqg 47 dqg looxvwudwh vrph

ixuwkhu srlqwv wkh fdvh ri wzr frxqwulhv lv vx!flhqw16<

6;Qrwh wkdw wkh lqgluhfw h�hfw fruuhvsrqgv wr d fkdqjh lq �uvw shulrg Qdvk htxloleulxp1
6<Frqfhuqlqj vrph dvshfwv zh pljkw wklqn ri wkh wzr frxqwulhv khuh dv uhsuhvhqwdwlyhv

ri d odujhu qxpehu ri frxqwulhv1 Qrwh wkdw vhfxulw| pdunhw htxloleulxp zrxog qrw fkdqjh
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Iru vlpsolflw|/ dedwhphqw frvw ixqfwlrqv ri wkh txdgudwlf w|sh

��Ee�� G'
E@� � K�e��

2

2K�
zlwk @�c K� : f +;156,

duh dvvxphg1 Wkhvh dedwhphqw ixqfwlrqv h{klelw olqhdu pdujlqdo dedwhphqw

frvw/ l1h1 � � �
�Ee�� ' @� � K�e��

Iljxuh ;18= D olqhdu suredelolw| ixqfwlrq +ohiw, dqg d frqfdyh suredelolw|

ixqfwlrq +uljkw,1

Suredelolw| ixqfwlrqv ri erwk wkh olqhdu dqg wkh frqfdyh w|sh duh xvhg1

Wkh| duh looxvwudwhg lq Iljxuh ;181 Suredelolw| ixqfwlrqv kdyh wr eh gh�qhg

rq wkh udqjh ri wkh djjuhjdwh hplvvlrqv . zklfk lv wkh lqwhuydo d.4�?c .4@ o�

D olqhdu suredelolw| ixqfwlrq lv frpsohwho| fkdudfwhul}hg e| lwv ydoxhv

rq wkh erxqgdulhv ri wkh lqwhuydo d.4�?c .4@ o1 Ghqrwh wkhvh e| Z4@ 
� dqg

Z4�?
� zkhuh Z4@ 

� lv wkh pd{lpxp suredelolw| dwwulexwhg wr vwdwh k e| frxq0

wu| � +zkhq hplvvlrqv duh .4�?� dqg Z4�?
� wkh plqlpxp suredelolw| +zkhq

hplvvlrqv duh .4@ �� Dvvxph � � Z4@ 
� : Z4�?

� � f iru doo �� Qrwh wkdw wkh

sdudphwhuv Z4@ 
� dqg Z4�?

� zloo lq jhqhudo qrw eh rqh ru }hur/ uhvshfwlyho|1

Irupdoo|/ d olqhdu suredelolw| ixqfwlrq/ dv gudzq lq Iljxuh ;18 rq wkh ohiw/

fdq eh gh�qhg e|

��E.� ' E.4@ � .�E
Z4@ 
� � Z4�?

�

.4@ � .4�?
� n Z4@ 

� � ' �c ���c ?�

li zh uhsolfdwhg wkh wzr0frxqwu|0hfrqrp|1 Ri frxuvh/ iru wkh vwudwhjlf frpsrqhqw/ Qdvk
htxloleulxp zlwk uhvshfw wr wkh dedwhphqw ghflvlrq/ uhsolfdwlqj zrxog pdnh d gl�huhqfh1
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Lw vdwlv�hv ��E.
4�?� ' Z4@ 

� / ��E.
4@ � ' Z4�?

� dqg ��
�E.� ' � Z4@ 

� 3Z4�?
�

.4@ 3.4�? 	 f

dv zhoo dv ���
� E.� ' f�

D fdqrqlfdo surwrw|sh iru d qrq0olqhdu/ lq sduwlfxodu frqfdyh/ suredelolw|

ixqfwlrq lv d txdgudwlf sro|qrpldo/ l1h1

��E.� ' Z4@ 
� � EZ4@ 

� � Z4�?
� �

�
. � .4�?

�2
E.4@ � .4�?�2

� ' �c ���c ?� +;157,

Vxfk d suredelolw| ixqfwlrq lv ghslfwhg lq Iljxuh ;18 rq wkh uljkw1 Lw dovr

vdwlv�hv ��E.
4�?� ' Z4@ 

� c ��E.
4@ � ' Z4�?

� dqg lv vwulfwo| ghfuhdvlqj lq .�

Pruhryhu/ lw lv frqfdyh/ l1h1 ���
� E.� 	 f �iru doo .��

Iru olqhdu suredelolw| ixqfwlrqv/ wkh lpsdfw ri d pdujlqdo lqfuhdvh lq

djjuhjdwh hplvvlrqv rq wkh suredelolw| iru vwdwh k lv wkh vdph iru doo djjuhjdwh

hplvvlrq ohyhov1 Lq frqwudvw/ iru d frqfdyh suredelolw| ixqfwlrq wkh lpsdfw

ri d pdujlqdo lqfuhdvh lq djjuhjdwh hplvvlrqv lqfuhdvhv iru odujhu ydoxhv ri

djjuhjdwh hplvvlrqv1

;1915 Wkh h�hfw ri vhfxulw| pdunhwv rq htxloleulxp
hplvvlrq ohyhov

Wklv vhfwlrq suhvhqwv wkh h{dpsohv zklfk vkrz wkdw wkh h�hfw ri pdunhwv

iru folpdwh vhfxulwlhv rq qrq0frrshudwlyh hplvvlrq ohyhov lv ixqgdphqwdoo|

dpeljxrxv/ surylqj Sursrvlwlrq 461 Iru wkhvh h{dpsohv/ Qdvk hplvvlrq ohyhov

duh fdofxodwhg zlwk dqg zlwkrxw pdunhwv iru folpdwh vhfxulwlhv1 Frpsdulvrq

ri wkh Qdvk hplvvlrq ohyhov iru erwk vfhqdulrv suryhv wkdw wkh htxloleulxp

hplvvlrqv zlwk vhfxulwlhv fdq eh odujhu ru vpdoohu wkdq zlwkrxw vhfxulwlhv1

H{dpsoh 7 frqvlghuv d vhwwlqj lq zklfk erwk frxqwulhv duh kduphg e|

joredo zduplqj/ zkhuhdv lq H{dpsoh 8 wkh lpsdfw ri joredo zduplqj kdv

gl�huhqw vljqv iru wkh wzr frxqwulhv/ l1h1 rqh ri wkh frxqwulhv lv ehwwhu r� lq

vwdwh q dqg wkh rwkhu frxqwu| lv zruvh r� lq vwdwh q�

H{dpsoh 7 +Erwk frxqwulhv dgyhuvho| d�hfwhg e| joredo zduplqj,

Frqvlghu lghqwlfdo dedwhphqw frvw ixqfwlrqv zlwk olqhdu pdujlqdo dedwhphqw

frvw dv gh�qhg lq +;156,1 Ohw @� ' �f dqg K� ' � iru � ' �c 2� Suredelolw|

ixqfwlrqv duh olqhdu dqg lghqwlfdo zlwk Z4@ 
� ' � dqg Z4�?

� ' f iru erwk ��

Xwlolw| ixqfwlrqv duh dvvxphg wr eh ri wkh orjdulwkplf w|sh/ l1h1 ��E�� ' *?E��



;191 H[DPSOHV 498

iru � ' �c 2� Ohw wkh �uvw shulrg hqgrzphqw iru erwk frxqwulhv eh �� ' �ff1

Frxqwulhv duh dovr lghqwlfdo zlwk uhvshfw wr wklug shulrg hqgrzphqw lq vwdwh

k zlwk ��k ' �2k ' �f�

H{dpsoh 7 ghvfulehv rqh ri wkh vlpsohvw vhwwlqjv lpdjlqdeoh173 Dsduw

iurp wkh hqgrzphqw lq vwdwh q zklfk uhpdlqv wr eh vshfl�hg frxqwulhv duh

frpsohwho| lghqwlfdo1 Qhyhuwkhohvv/ wkh h�hfw ri vhfxulw| pdunhwv rq htxlole0

ulxp hplvvlrq ohyhov ydulhv vwurqjo|/ ghshqglqj rq krz wkh hqgrzphqwv iru

vwdwh q duh fkrvhq1 Wdeoh ;14 olvwv wkh Qdvk hplvvlrq ohyhov zlwkrxw dqg zlwk

vhfxulw| pdunhwv iru wkuhh gl�huhqw vshfl�fdwlrqv ri vwdwh q hqgrzphqwv iru

H{dpsoh 71

H{dpsoh 7

Zlwkrxw vhfxulwlhv Zlwk vhfxulwlhv
Vwdwh q

hqgrzphqwv

Frxqwu| 4

e��

Frxqwu| 5

e�2

Frxqwu| 4

e7�

Frxqwu| 5

e72

d,
��q ' 2

�2q ' �
61934 513;< 61976 51489

e,
��q ' b

�2q ' H
<17:7 ;1;<4 <179: ;1;;7

f,
��q ' D

�2q ' 2
91:54 61934 919<9 61958

Wdeoh ;14= Qdvk hplvvlrq ohyhov zlwk dqg zlwkrxw vhfxulw| pdunhwv iru H{dp0

soh 71

Jlyhq wkh sdudphwhuv fkrvhq iru wkh dedwhphqw frvw ixqfwlrqv zh kdyh

e4�?
� ' f dqg e4@ 

� ' �f iru � ' �c 2� Wkhuhiruh/ wkh uhohydqw udqjh iru djjuh0

jdwh hplvvlrqv lv d.4�?c .4@ o ' dfc 2fo�

Qrwh wkdw e| Sursrvlwlrq 45 d xqltxh Qdvk htxloleulxp lq grplqdqw

vwudwhjlhv h{lvwv iru wkh ehqfkpdun fdvh zlwkrxw vhfxulwlhv lq H{dpsoh 71

Iru wkh vhwwlqj zlwk folpdwh vhfxulwlhv E�W� �
�� ' E}W� �

�� krogv e| olqhdulw| ri wkh

73Qrwh wkdw wkh h{dpsohv duh fkrvhq dv vlpso| dv srvvleoh lq rughu wr looxvwudwh wkh
h�hfwv1 Wkh fkrlfh ri sdudphwhuv lv sxuho| iru looxvwudwlyh sxusrvhv/ wkh| duh qrw lqwhqghg
wr jlyh d uhdolvwlf uhsuhvhqwdwlrq ri uhdolw|1
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suredelolw| ixqfwlrqv1 Vlqfh E}W� �
�� 	 f krogv iru erwk frxqwulhv lq H{dpsoh

7d,/ 7e, dqg 7f,/ h{lvwhqfh dqg xqltxhqhvv ri Qdvk htxloleulxp duh jxdudq0

whhg74 iru doo wkuhh fkrlfhv ri vwdwh q hqgrzphqwv1 Vhfwlrq ;1917 ehorz jlyhv d

pruh ghwdlohg dqdo|vlv ri wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrqv �W� dqg wkhlu

frpsrqhqwv1 Lq sduwlfxodu/ }W� dqg %� duh looxvwudwhg judsklfdoo| iru H{dpsoh

7d,1

Wkh lqwhusuhwdwlrq ri wkh uhvxowv lq Wdeoh ;14 lv wkh iroorzlqj1 Vlqfh wkh

wzr frxqwulhv rqo| gl�hu e| wkhlu vwdwh q hqgrzphqwv/ wkh frxqwu| zlwk wkh

odujhu vwdwh q hqgrzphqw +zklfk lv dozd|v frxqwu| 4 lq sduw d,/ e, dqg f, ri

H{dpsoh ;14, hplwv pruh wkdq wkh rwkhu frxqwu| +frxqwu| 5,1 Frxqwu| 4*v

dedwhphqw lqfhqwlyh lv vpdoohu wkdq wkdw ri frxqwu| 5 ehfdxvh iru frxqwu| 4

wkh gl�huhqfh ehwzhhq lwv hqgrzphqwv ��k lq vwdwh k dqg ��q lq vwdwh q lv

vpdoohu wkdq iru frxqwu| 5 iru doo wkuhh fdvhv1

Wkh h�hfw ri wkh jds ehwzhhq hqgrzphqw lq wkh wzr vwdwhv75 lv dovr fohduo|

ylvleoh lq wkh htxloleulxp hplvvlrq ohyhov1 Lq H{dpsoh 7d, wkh jds lv odujh iru

erwk frxqwulhv/ ohdglqj wr d uhodwlyho| odujh dedwhphqw h�ruw/76 l1h1 uhodwlyho|

orz hplvvlrq ohyhov/ iru erwk frxqwulhv1 Krzhyhu/ lq H{dpsoh 7e, wkh jds lv

udwkhu vpdoo iru erwk frxqwulhv/ dqg frqvhtxhqwo| dedwhphqw lq htxloleulxp

lv dovr uhodwlyho| vpdoo1

Lq H{dpsoh 7d, htxloleulxp hplvvlrqv iru erwk frxqwulhv duh odujhu zlwk

vhfxulwlhv wkdq zlwkrxw/ l1h1 e7� : e�� iru � ' �c 21 Zlwk folpdwh vhfxulwlhv wkhuh

lv ohvv dedwhphqw wkdq zlwkrxw wkhvh lqvwuxphqwv1 Krzhyhu/ lq H{dpsoh 7e,

wkh h�hfw lv uhyhuvhg1 Qrq0frrshudwlyh htxloleulxp hplvvlrqv zlwk vhfxulwlhv

duh vpdoohu wkdq zlwkrxw vhfxulwlhv/ l1h1 pdunhwv iru folpdwh vhfxulwlhv ohdg

wr pruh dedwhphqw1 Irupdoo|/ e�� : e7� iru � ' �c 2� Ilqdoo|/ lq H{dpsoh

7f, wkh h�hfw kdv d gl�huhqw vljq iru hdfk ri wkh wzr frxqwulhv1 Iru frxqwu|

4/ htxloleulxp hplvvlrqv lqfuhdvh zlwk vhfxulwlhv/ e�� 	 e7� c zkhuhdv wkh|

ghfuhdvh iru frxqwu| 5/ e�2 : e72 �

Vxppdul}lqj wkh lqvljkw jdlqhg iurp H{dpsoh 7/ wkh h�hfw ri pdunhwv iru

folpdwh vhfxulwlhv rq hplvvlrq ohyhov lv vwurqjo| dpeljxrxv1 Lq sduwlfxodu/ doo

wkuhh gl�huhqw fdvhv olvwhg lq Sursrvlwlrq 46 dulvh lq H{dpsoh 71 Wkhuhiruh/

74Vhh Vhfwlrq ;17161
75Wkh �jds ehwzhhq hqgrzphqw lq wkh wzr vwdwhv� uhihuv wr wkh gl�huhqfh zl� �zl� =
76Htxloleulxp dedwhphqw e| frxqwu| l lv hpd{l � hl @ 43 �hl iru l @ 4> 5=
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H{dpsoh 7 vhuyhv dv surri ri Sursrvlwlrq 461

Qrwh wkdw olqhdulw| ri pdujlqdo dedwhphqw frvw lv qrw hvvhqwldo iru wkh

dpeljxlw| ri wkh h�hfw rq hplvvlrqv1 Wkh wkuhh gl�huhqw h�hfwv looxvwudwhg lq

H{dpsoh 7 fdq dovr eh jhqhudwhg iru dedwhphqw frvw ixqfwlrqv zlwk qrq0olqhdu

pdujlqdo dedwhphqw frvw1

Lq wkh vdph vhqvh/ olqhdulw| ri wkh suredelolw| ixqfwlrqv lv qrw hvvhqwldo

hlwkhu iru wkh dpeljxlw| ri wkh h�hfw ri folpdwh vhfxulwlhv rq htxloleulxp

hplvvlrqv1 L1h1 dq lqfuhdvh ru d ghfuhdvh lq hplvvlrqv iru erwk frxqwulhv dv lq

H{dpsoh 7d, dqg 7e, fdq dovr eh jhqhudwhg iru suredelolw| ixqfwlrqv ri wkh

frqfdyh w|sh gh�qhg lq +;157,1

Uhfdoo iurp Vhfwlrq ;1616 wkdw H{dpsoh 7 fruuhvsrqgv wr d w|slfdo Sulv0

rqhu*v Glohppd vlwxdwlrq vlqfh erwk frxqwulhv duh dgyhuvho| d�hfwhg1 Wkhuh0

iruh lw lv qrw vxusulvlqj wkdw lq H{dpsoh 7d,/ 7e, dqg 7f, frrshudwlyh hplvvlrq

ohyhov zlwkrxw vhfxulw| pdunhwv duh vpdoohu wkdq qrq0frrshudwlyh hplvvlrqv

erwk zlwkrxw dqg zlwk folpdwh vhfxulwlhv/ l1h1 e�� 	 e�� dqg e�� 	 e7� iru

doo ��77 Vlqfh wkh h�hfw ri folpdwh vhfxulwlhv rq hplvvlrqv lv dpeljxrxv/ zh

fdq frqfoxgh wkdw folpdwh vhfxulwlhv gr qrw qhfhvvdulo| eulqj qrq0frrshudwlyh

hplvvlrqv forvhu wrzdugv wkh fruuhvsrqglqj frrshudwlyh hplvvlrqv1 Wklv frq0

�upv Uhpdun 4 lq Vhfwlrq ;18141

Lq jhqhudo/ gl�huhqw uhjlrqv zloo eh d�hfwhg gl�huhqwo| e| joredo zdup0

lqj1 Lq sduwlfxodu/ wkhuh zloo eh uhjlrqv iru zklfk joredo zduplqj zrxog eh

ehqh�fldo1 Wkhuhiruh/ lq H{dpsoh 8 ehorz rqh wkh frxqwulhv ehqh�wv iurp

joredo zduplqj zkhuhdv wkh rwkhu frxqwu| lv dgyhuvho| d�hfwhg1

H{dpsoh 8 +Rqo| rqh ri wkh frxqwulhv dgyhuvho| d�hfwhg e| joredo zduplqj,

Frqvlghu wkh vdph ixqfwlrqdo vshfl�fdwlrqv dqg sdudphwhuv dv lq H{dpsoh 71

Wkh hqgrzphqwv iru vwdwh q duh fkrvhq lq vxfk d zd| lq Wdeoh ;15 eh0

orz wkdw wklug shulrg hqgrzphqwv vdwlvi| ��k 	 ��q dqg �2k : �2q1 Wkh

uhvxowlqj Qdvk hplvvlrq ohyhov zlwkrxw dqg zlwk vhfxulw| pdunhwv duh vkrzq

lq Wdeoh ;151

77Iru euhylw|/ frrshudwlyh hplvvlrq ohyhov duh qrw lqfoxghg lq Wdeoh ;141 Frrshudwlyh
hplvvlrqv duh hFl @ 3=3:8 lq H{dpsoh 7d,/ hFl @ ;=6:< lq H{dpsoh 7e, dqg hFl @ 5=3;< lq
H{dpsoh 7f,/ l @ 4> 5=
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H{dpsoh 8

Zlwkrxw vhfxulwlhv Zlwk vhfxulwlhv
Vwdwh q

hqgrzphqwv

Frxqwu| 4

e��

Frxqwu| 5

e�2

Frxqwu| 4

e7�

Frxqwu| 5

e72

d,
��q ' �f�D

�2q ' D
43 91:54 43 9178:

e,
��q ' �f�D

�2q ' 2
43 61934 <1<<3 61669

f,
��q ' �f�D

�2q ' �
43 513;< <1<:; 5156<

Wdeoh ;15= Qdvk hplvvlrq ohyhov zlwk dqg zlwkrxw vhfxulw| pdunhwv iru H{dp0

soh 81

H{lvwhqfh dqg xqltxhqhvv ri Qdvk htxloleulxp duh djdlq jxdudqwhhg erwk

zlwkrxw dqg zlwkrxw folpdwh vhfxulwlhv e| wkh vdph dujxphqw dv lq H{dpsoh

7 deryh1 E| Ohppd 6/ frxqwu| 4 dozd|v fkrvhv e4@ 
� ' �f lq wkh ehqfkpdun

vfhqdulr zlwkrxw vhfxulw| pdunhwv/ vlqfh lw ehqh�wv iurp joredo zduplqj dqg

wkhuhiruh kdv qr dedwhphqw lqfhqwlyh1 Wkh lqwhuhvwlqj srlqw lv krz � dqg li

dw doo � frxqwu| 4*v dedwhphqw ehkdylrxu lv d�hfwhg e| pdunhwv iru folpdwh

vhfxulwlhv1

Lq H{dpsoh 8d, wkh lpsdfw ri wkh vhfxulw| pdunhwv lv qrw odujh hqrxjk

vr wkdw frxqwu| 4 grhv qrw dedwh zlwk vhfxulw| pdunhwv/ hlwkhu1 Frxqwu|

5*v htxloleulxp hplvvlrqv duh/ krzhyhu/ vpdoohu zlwk folpdwh vhfxulwlhv wkdq

zlwkrxw/ l1h1 e�2 : e72 � Zlwk d odujhu jds ehwzhhq hqgrzphqw lq vwdwh k dqg

q iru frxqwu| 5/ dv lq H{dpsoh 8e,/ jdlqv iurp wudgh lq folpdwh vhfxulwlhv

ehfrph pruh lq xhqwldo1 Wkhuhiruh/ frxqwu| 4 dedwhv � dowkrxjk rqo| voljkwo|

� zkhq wkhuh duh folpdwh vhfxulwlhv1 Iru frxqwu| 5/ djdlq hplvvlrqv zlwk

folpdwh vhfxulwlhv duh ohvv wkdq zlwkrxw1 Lq H{dpsoh 8f, wkh jds ehwzhhq

vwdwh k dqg q hqgrzphqwv lv hyhq odujhu iru wkh vhfrqg frxqwu|1 Djdlq/

pdunhwv iru folpdwh vhfxulwlhv fdq lqgxfh frxqwu| 4 wr hqjdjh lq dedwhphqw1

Frxqwu| 4*v dedwhphqw h�ruw lv qrz kljkhu wkdq lq H{dpsoh 8e,1 Krzhyhu/

iru frxqwu| 5/ Qdvk hplvvlrqv zlwk vhfxulw| pdunhwv duh dfwxdoo| kljkhu wkdq

zlwkrxw vhfxulw| pdunhwv/ e�2 	 e72 �
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Wkhuhiruh/ wkh h�hfw ri pdunhwv iru folpdwh vhfxulwlhv rq Qdvk hplvvlrqv

lq H{dpsoh 8 lv vlploduo| dpeljxrxv dv lq H{dpsoh 71 Wkh rqo| h{fhswlrq lv

wkdw lq H{dpsoh 8 frxqwu| 4*v htxloleulxp hplvvlrqv fdqqrw lqfuhdvh eh|rqg

e4@ 
� ' �f zlwk vhfxulwlhv vlqfh wkh pd{lpdo hplvvlrq ohyho lv douhdg| uhdfkhg

zlwkrxw vhfxulw| pdunhwv1

;1916 Zhoiduh H�hfwv

Zkhuhdv Vhfwlrq ;1915 deryh irfxvhg rq wkh h�hfw ri folpdwh vhfxulwlhv rq

htxloleulxp hplvvlrqv/ wklv vhfwlrq lv frqfhuqhg zlwk wkh h�hfw ri folpdwh

vhfxulwlhv rq htxloleulxp xwlolw| ohyhov1 Qrwh wkdw wkh zhoiduh h�hfw lv srvl0

wlyh/ exw yhu| vpdoo/78 iru doo wkuhh fdvhv lq erwk H{dpsoh 7 dqg H{dpsoh 8

deryh1 L1h1 htxloleulxp xwlolw| ohyhov zlwk vhfxulwlhv duh odujhu wkdq htxlole0

ulxp xwlolw| ohyhov zlwkrxw vhfxulwlhv iru hdfk frxqwu|/ irupdoo| �7� : ��� iru

doo �� Krzhyhu/ H{dpsoh 9 ehorz looxvwudwhv wkdw wkh zhoiduh h�hfwv duh qrw

qhfhvvdulo| srvlwlyh1

H{dpsoh 9 +Qhjdwlyh zhoiduh h�hfwv,

Frqvlghu wkh vdph ixqfwlrqdo vshfl�fdwlrqv dqg sdudphwhuv dv lq H{dpsoh 71

Iru hqgrzphqwv lq vwdwh q dvvxph ��q ' b dqg �2q ' S�

H{dpsoh 9

Qdvk Zlwkrxw vhfxulwlhv Zlwk vhfxulwlhv
htxloleulxp Frxqwu| 4 Frxqwu| 5 Frxqwu| 4 Frxqwu| 5

Hplvvlrq ohyhov <17:6<6 :1<<:99 <18;<87 ;147<:5

Xwlolw| ohyhov 91;4766 917:<75 91;4735 917:::7

Wdeoh ;16= Htxloleulxp hplvvlrqv dqg htxloleulxp xwlolw| zlwk dqg zlwkrxw

vhfxulw| pdunhwv iru H{dpsoh 91

Wkh htxloleulxp hplvvlrqv dqg wkh htxloleulxp xwlolw| ohyhov iru wkh qrq0

frrshudwlyh jdphv zlwkrxw dqg zlwk vhfxulwlhv duh jlyhq lq Wdeoh ;161 Htxl0

oleulxp xwlolw| lv vpdoohu iru erwk frxqwulhv zlwk vhfxulwlhv wkdq zlwkrxw/

l1h1 ��� : �7� dqg ��2 : �72 � Jlyhq wkdw wkh| ehkdyh lq d qrq0frrshudwlyh

78Wkh h{dfw �jxuhv kdyh ehhq rplwwhg iru vdnh ri euhylw|1
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zd| erwk frxqwulhv zrxog eh ehwwhu r� zlwkrxw pdunhwv iru folpdwh vhfxul0

wlhv1 Wklv suryhv wkh dpeljxlw| ri wkh zhoiduh h�hfwv ri pdunhwv iru folpdwh

vhfxulwlhv douhdg| hpskdvl}hg lq Sursrvlwlrq 471 H{dpsohv ri sdudphwhu frq0

vwhoodwlrqv iru zklfk wkh zhoiduh h�hfw lv qhjdwlyh iru rqh ri wkh frxqwulhv dqg

srvlwlyh iru wkh rwkhu frxqwu| fdq dovr eh hdvlo| irxqg1

Qrwh wkdw wkh h{shfwhg jdlqv iurp wudgh duh frqyh{ iru erwk frxqwulhv/

l1h1 E}W� �
�� : f iru � ' �c 2� Wkhuhiruh wkh vwdqgdug vx!flhqw frqglwlrqv iru

h{lvwhqfh ri htxloleulxp zlwk vhfxulw| pdunhwv gr qrw krog1 Qhyhuwkhohvv/ dq

htxloleulxp grhv h{lvw179

Lq rughu wr exlog xs vrph lqwxlwlrq frqfhuqlqj wkh ehkdylrxu ri wkh lq0

gluhfw h{shfwhg xwlolw| ixqfwlrqv zklfk fdqqrw eh ghwhuplqhg lq jhqhudo zh

qrz vwxg| wkhvh nh| hohphqwv lq pruh ghwdlo1

;1917 Wkh lqgluhfw xwlolw| ixqfwlrqv dqg wkhlu ghfrp0
srvlwlrq

Iru wkh vlpsoh vhwwlqj ri H{dpsoh 7 wkh vwuxfwxuh ri wkh ixqfwlrqv �W� E.� dqg/

lq sduwlfxodu/ wkhlu wzr frpsrqhqwv %�E.� dqg }W� E.� lv qrw yhu| frpsoh{1

Wkhvh wzr frpsrqhqwv duh ghslfwhg lq Iljxuh ;19 iru frxqwu| 4 zlwk wkh

vshfl�fdwlrqv ri H{dpsoh 7d,1 Gxh wr olqhdulw| ri wkh suredelolw| ixqfwlrq/

%�E.� lv dovr d olqhdu ixqfwlrq ri .� Vlqfh ��k : ��q krogv iru frxqwu| 4*v

wklug shulrg hqgrzphqwv/ %�E.� lv vwulfwo| ghfuhdvlqj +vhh Ohppd 6,1

Wkh vkdsh ri }W�E.� lv pruh lqwhuhvwlqj1 Lw lv lqyhuvho| X0vkdshg dqg

vdwlv�hv }W�E.
4�?� ' }W�E.

4@ � ' f� Frqvhtxhqwo|/ zh kdyh E}W��
�E.� : f

iru vpdoohu ydoxhv ri . dqg E}W��
�E.� 	 f iru odujhu .1 Wklv h{sodlqv zk|

frpsdudwlyh vwdwlfv ri wkh vhfxulw| pdunhw htxloleulxp zlwk uhvshfw wr . gr

qrw +dqg fdqqrw, |lhog d vljq iru E}W� �
�E.� lq wkh jhqhudo fdvh1 Pruhryhu/

E}W��
��E.� 	 f krogv iru doo .c l1h1 wkh h{shfwhg jdlqv iurp wudgh duh d frqfdyh

ixqfwlrq ri .�

Wkh surshuwlhv ri }W�E.� lq H{dpsoh 7 fdq eh h{sodlqhg dv iroorzv1 Iluvw

ri doo/ qrwh wkdw iru . ' .4�? ' f wkh suredelolw| dwwulexwhg wr vwdwh k e|

erwk frxqwulhv lv rqh/ wkh suredelolw| dwwulexwhg wr vwdwh q lv }hur1 Wkhuhiruh

79H{lvwhqfh ri htxloleulxp zdv fkhfnhg qxphulfdoo|1 Hdfk ri wkh htxloleulxp vwudwhjlhv
lq Wdeoh ;16 lv lqghhg wkh ehvw dqvzhu wr wkh rwkhu vwudwhj|1
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Iljxuh ;19= Wkh ghfrpsrvlwlrq ri wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrq

�W�E.� iru H{dpsoh 7d,1 H{shfwhg xwlolw| iurp hqgrzphqwv %�E.� lv gudzq

rq wkh ohiw dqg h{shfwhg jdlqv iurp wudgh }W�E.� rq wkh uljkw1 Qrwh wkdw

wkh yhuwlfdo d{hv duh vfdohg gl�huhqwo| lq wkh wzr gldjudpv1

erwk frxqwulhv zdqw wr wudqvihu doo wkhlu vwdwh q hqgrzphqw wr vwdwh k�7:

Frqvhtxhqwo|/ wkhuh lv qr wudgh lq folpdwh vhfxulwlhv dqg qr jdlqv iurp wudgh

vr wkdw }W� E.
4�?� ' f krogv iru erwk frxqwulhv17; Iru . : .4�? erwk frxqwulhv

kdyh lqwhulru vroxwlrqv iru wkhlu vhfxulw| ghpdqg dqg wudgh wdnhv sodfh1 Vlqfh

frxqwulhv duh lghqwlfdo xs wr vwdwh q hqgrzphqw/ wkh frxqwu| zlwk wkh odujhu

hqgrzphqw lq vwdwh q +frxqwu| 4, ex|v vhfxulw| k dqg vhoov vhfxulw| q� Wkh

jdlqv iurp wudgh lqfuhdvh dv . ehfrphv odujhu dqg wkhq ghfuhdvh djdlq1

Wkh vkdsh ri �W�E.� dv vxp ri wkh wzr ixqfwlrqv %�E.� dqg }W�E.� ghshqgv

rq zklfk ri wzr frpsrqhqwv lv pruh grplqdqw1 Qrwh wkdw lq Iljxuh ;19 wkh

ydoxhv iru }W�E.� duh h{wuhpho| vpdoo frpsduhg wr wkrvh iru %�E.�� Wkhuhiruh/

wkh h{shfwhg jdlqv iurp wudgh }W�E.� gr qrw kdyh d odujh lpsdfw dqg �W�E.�

lv doprvw lghqwlfdo wr %�E.�� Lq sduwlfxodu/ E�W��
�E.� 	 f krogv1 Wkh vhfrqg

ghulydwlyh E�W��
��E.� lv lghqwlfdo wr E}W��

��E.� 	 f e| olqhdulw| ri wkh suredelolw|

ixqfwlrq1 Wkh surshuwlhv ri �W� E.� dqg lwv wzr frpsrqhqwv duh vlplodu iru

frxqwu| 5 dqg dovr iru erwk frxqwulhv lq H{dpsohv 7e, dqg 7f,1

Wkh dqdo|vlv ri wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrqv iru H{dpsoh 7 vxj0

jhvwv wkdw wkh h{shfwhg jdlqv iurp wudgh gr qrw kdyh d odujh lpsdfw1 Uhfdoo/

krzhyhu/ wkdw dffruglqj wr wkh htxloleulxp hplvvlrq ohyhov lq Wdeoh ;14 wkh|

7:Irupdoo|/ wkhuh lv d fruqhu vroxwlrq iru erwk frxqwulhv* vhfxulw| ghpdqg1
7;E| d vlplodu dujxphqw/ j�l +H

pd{, @ 3 lv h{sodlqhg1
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fdq kdyh txlwh d odujh lpsdfw1

Iljxuh ;1:= Wkh ghfrpsrvlwlrq ri wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrqv

�W� E.� iru frxqwu| 4 +ohiw, dqg frxqwu| 5 +uljkw, lq H{dpsoh 8f,1

Wkhuh duh dovr sdudphwhu frqvwhoodwlrqv iru zklfk �W� E.� lv grplqdwhg

e| }W� E.�� Lq sduwlfxodu/ �W� E.� wkhq wdnhv rq wkh lqyhuvh X0vkdsh surshuw| ri

}W� E.� dv lv wkh fdvh lq H{dpsoh 8f, iru frxqwu| 41 Wkh vlwxdwlrq lv looxvwudwhg

lq Iljxuh ;1: rq wkh ohiw1 Wkh h{shfwhg jdlqv iurp wudgh }W�E.� dqg wkhlu

ghulydwlyh duh uhodwlyho| odujh lq frpsdulvrq wr wkh vorsh ri %�E.� zklfk lv

doprvw qhjohjleoh1 Wkhuhiruh/ �W�E.� lv dovr +voljkwo|, lqyhuvho| X0vkdshg/ dqg

lq sduwlfxodu qrw prqrwrqrxv/ dowkrxjk wklv lv kdugo| ylvleoh lq Iljxuh ;1:

dqg wkh ghulydwlyh E�W��
�E.� h{klelwv d fkdqjh ri vljq1 Djdlq/ E�W��

��E.� 	 f

krogv1

Iru frxqwu| 5/ wkh ghfrpsrvlwlrq ri �W2E.� lv looxvwudwhg lq Iljxuh ;1:

rq wkh uljkw1 Dowkrxjk wkh jdlqv iurp wudgh duh dovr uhodwlyho| odujh/ wkh

hqgrzphqw h�hfw lq %2E.� uhpdlqv grplqdqw dqg E�W2�
�E.� 	 f krogv iru doo

.� Krzhyhu/ E�W2�
��E.� 	 f krogv rqfh pruh1

Uhfdoo wkdw Iljxuhv ;19 dqg ;1: duh gudzq iru vlwxdwlrqv lq zklfk wkh wzr

frxqwulhv rqo| gl�hu lq wkhlu vwdwh q hqgrzphqw1 Iru frpsoh{hu vhwwlqjv/ wkh

h{shfwhg jdlqv iurp wudgh }W� E.� dovr ehfrph pruh frpsolfdwhg dqg orrvh

wkh qlfh surshuwlhv h{klelwhg lq Iljxuh ;19 dqg ;1:1

Iru lghqwlfdo/ exw  dwwhu suredelolw| ixqfwlrqv/ l1h1 zlwk Z4@ 
� 	 � dqg

Z4�?
� : fc }W� E.� lv vwloo lqyhuvho| X0vkdshg/ krzhyhu wkh h{shfwhg jdlqv iurp

wudgh duh qrw }hur rq wkh hgjh ri wkh lqwhuydo d.4�?c .4@ o� Vlqfh suredelolwlhv
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fdqqrw ehfrph rqh ru }hur/7< wkhuh lv wudgh hyhq li djjuhjdwh hplvvlrqv duh

htxdo wr .4�? ru .4@ �

Zlwk olqhdu exw khwhurjhqhrxv suredelolw| ixqfwlrqv dqg doo rwkhu ixqf0

wlrqdo vshfl�fdwlrqv dqg sdudphwhuv dv lq H{dpsoh 7 wkh h{shfwhg jdlqv iurp

wudgh }W� E.� fdq eh ri txlwh dq luuhjxodu vkdsh1 Lq sduwlfxodu/ E}W� �
��E.� '

E�W� �
��E.� 	 f iru doo . grhv qrw krog dq|pruh vlqfh E}W� �

��E.� kdv d fkdqjh ri

vljq dqg h{lvwhqfh ri Qdvk htxloleulxp zlwk vhfxulwlhv lv qrw jxdudqwhhg1

Dv �qdo looxvwudwlrq ri wkh vwuxfwxuh ri wkh lqgluhfw h{shfwhg xwlolw| ixqf0

wlrqv H{dpsoh : orrnv dw d vhwwlqj zlwk khwhurjhqhrxv dqg qrq0olqhdu sure0

delolw| ixqfwlrqv1

H{dpsoh : +Khwhurjhqhrxv frqfdyh suredelolw| ixqfwlrqv,

Frqvlghu wkh vdph xwlolw| ixqfwlrqv/ dedwhphqw frvw ixqfwlrqv dqg vwdwh k

hqgrzphqwv dv lq H{dpsoh 71 Vwdwh q hqgrzphqwv duh lghqwlfdo wr wkrvh lq

H{dpsoh 7f,1 Suredelolw| ixqfwlrqv duh ri wkh frqfdyh w|sh gh�qhg lq +;157,

dqg wkh sdudphwhuv duh Z4@ 
� ' Z4@ 

2 ' �c Z4�?
� ' f dqg Z4�?

2 ' f�e�

Iljxuh ;1;= Looxvwudwlrq ri H{dpsoh :1 H{shfwhg xwlolw| iurp hqgrzphqwv

+ohiw, dqg h{shfwhg jdlqv iurp wudgh +uljkw, iru frxqwu| 41 Qrwh wkdw wkh

yhuwlfdo d{hv lq wkh wzr gldjudpv duh vfdohg gl�huhqwo|1

Qrwh wkdw lq H{dpsoh : frxqwu| 5 dozd|v kdv d suredelolw| ri dw ohdvw

f�e iru vwdwh q� Wkh ghfrpsrvlwlrq ri h{shfwhg xwlolw| iru frxqwu| 4/ �W�c lv

ghslfwhg lq Iljxuh ;1;1 Iurp wkh dqdo|vlv lq Vhfwlrq ;1615 zh nqrz wkdw %�
7<Wklv lv h{foxghg e| dvvxplqj �pd{l ? 4 dqg �plql A 3=
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zloo eh ghfuhdvlqj e| Ohppd 61 Pruhryhu/ e| +;1;, E%����E.� 	 f zloo krog

iru doo .� Wklv lv frq�uphg e| wkh gldjudp rq wkh ohiw ri Iljxuh ;1;1

Wkh vkdsh ri }W� lv udwkhu luuhjxodu1 Zh vwloo revhuyh }W�E.
4�?� ' f vlqfh iru

. ' .4�? erwk frxqwulhv dwwulexwh suredelolw| rqh wr vwdwh k dqg wkhuh lv qr

wudgh1 Vlqfh iru . ' .4@ dw ohdvw frxqwu| 5 dwwulexwhv d srvlwlyh suredelolw|

wr vwdwh q/ wkh h{shfwhg jdlqv iurp wudgh duh odujhu wkdq }hur iru . ' .4@ �

Lq sduwlfxodu/ }W� dwwdlqv lwv joredo pd{lpxp rq wkh lqwhuydo d.4�?c .4@ o iru

. ' .4@ �Zlwklq wkh lqwhuydo d.4�?c .4@ o zh revhuyh d orfdo pd{lpxp dqg

d orfdo plqlpxp1 Wkhuhiruh E}W��
��E.� 	 f iru doo . grhv qrw krog1

Iljxuh ;1<= Looxvwudwlrq ri H{dpsoh :1 Wkh lqgluhfw h{shfwhg xwlolw| ixqf0

wlrq �W�E.� iru frxqwu| 41

Wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrq �W�E.� lv gudzq lq Iljxuh ;1<1 Wkh

grplqdqw frpsrqhqw iru wkh odujhu sduw ri wkh uhohydqw udqjh iru . reylrxvo|

lv %� vr wkdw �W� lv ghfuhdvlqj iru prvw ydoxhv ri .� Krzhyhu/ iru ydoxhv ri .

forvh wr .4@ lqgluhfw h{shfwhg xwlolw| lqfuhdvhv djdlq/ l1h1 lq wklv uhjlrq }W�
lv grplqdqw1 Gxh wr wkh �nlqn� lq �W� lwv vhfrqg ghulydwlyh h{klelwv d fkdqjh

ri vljq1 Lq sduwlfxodu/ E�W��
��E.� 	 f iru doo . grhv qrw krog83 dqg h{lvwhqfh

ri Qdvk htxloleulxp zlwk vhfxulwlhv lv qrw jxdudqwhhg1

Wkh dqdo|vlv ri wkh vwuxfwxuh ri wkh lqgluhfw h{shfwhg xwlolw| ixqfwlrq

zklfk wxuqhg rxw wr eh kljko| luuhjxodu lq wklv vhfwlrq h{sodlqv wkh ixqgd0

phqwdo dpeljxlw| ri wkh h�hfw ri pdunhwv iru folpdwh vhfxulwlhv1 Lq sduwlfxodu/

83Qrwh wkdw iru qrq0olqhdu suredelolwlhv +y�l ,
33+H, lv qr orqjhu lghqwlfdo wr +j�l ,

33+H,=
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lw looxvwudwhv zk| vwdqgdug dssurdfkhv gr qrw jr wkurxjk1

;1: Vxppdu|

Wklv fkdswhu dqdo|vhg wkh h�hfw ri pdunhwv iru folpdwh vhfxulwlhv rq plwl0

jdwlrq ri folpdwh fkdqjh zkhq folpdwh vwdwh suredelolwlhv duh hqgrjhqrxv1

Frxqwulhv �uvw ghflgh rq hplvvlrq ohyhov dqg fdq wkhq wudgh zlwk folpdwh

vhfxulwlhv1 Lq frqwudvw wr wkh prgho lq Fkdswhu 8 wkh dedwhphqw ghflvlrq lv

prghoohg frqwlqxrxvo|1 Djjuhjdwh �uvw shulrg hplvvlrqv lq xhqfh wkh sure0

delolwlhv dwwulexwhg wr wkh srvvleoh folpdwh vwdwhv zkhq wdnlqj wkh sruwirolr

ghflvlrq1 Wkh hqgrjhqrxv suredelolwlhv jhqhudwh d olqn ehwzhhq wkh dedwh0

phqw ghflvlrq dqg wkh sruwirolr ghflvlrq vlqfh frxqwulhv dqwlflsdwh wkh lpsdfw

rq wkh vxevhtxhqw sruwirolr ghflvlrq zkhq wdnlqj wkhlu dedwhphqw ghflvlrq1

Irupdoo|/ wkh vhwxs lqgxfhv d qrq0frrshudwlyh jdph1 Wkh Qdvk htxlole0

ulxp ri wklv jdph lv frpsduhg wr wkh Qdvk htxloleulxp ri wkh fruuhvsrqglqj

jdph lq wkh devhqfh ri vhfxulw| pdunhwv1

D nh| hohphqw ri wkh prgho duh wkh h{shfwhg jdlqv iurp wudgh lq folpdwh

vhfxulwlhv1 Vlqfh wkh h{shfwhg jdlqv iurp wudgh h{klelw dq luuhjxodu ehkdylrxu/

d frpsdulvrq ri wkh htxloleulxp rxwfrphv ri wkh wzr qrq0frrshudwlyh jdphv

iru wkh jhqhudo fdvh grhv qrw |lhog dq| uhvxowv1 Krzhyhu/ vxfk d frpsdulvrq

fdqqrw |lhog dq| jhqhudo uhvxowv vlqfh lw lv vkrzq wkdw wkh h�hfw ri pdunhwv

iru folpdwh vhfxulwlhv lv lqghhg ixqgdphqwdoo| dpeljxrxv1 Wklv pdlq uhvxow

krogv wuxh erwk zlwk uhvshfw wr hplvvlrq ohyhov dqg zlwk uhvshfw wr zhoiduh1

Pdunhwv iru folpdwh vhfxulwlhv fdq eh lqwhusuhwhg dv uhprydo ri d pdunhw

lpshuihfwlrq uhodwlyh wr wkh vlwxdwlrq zlwkrxw vxfk lqvwuxphqwv1 Krzhyhu/

odfn ri lqvxudqfh pdunhwv lv qrw wkh rqo| glvwruwlrq vlqfh wkh h{whuqdo h�hfwv

ri rqh frxqwu|*v hplvvlrqv rq doo rwkhu frxqwulhv uhsuhvhqw d vhfrqg glvwruwlrq1

Frqvlghuhg lq wkh frqwh{w ri wkh Vhfrqg Ehvw Wkhruhp wkh uhvxow lv qrw

vxusulvlqj vlqfh rqo| rqh ri wkh glvwruwlrqv lv uhpryhg e| pdunhwv iru folpdwh

vhfxulwlhv1
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Fkdswhu <

Frqfoxvlrqv

Wkh pdlq remhfwlyh ri wkh dqdo|vlv lq wkh suhylrxv fkdswhuv zdv wr vwxg| wkh

lpsdfw ri lqvxudqfh dssurdfkhv wr folpdwh fkdqjh rq plwljdwlrq ri folpdwh

fkdqjh1 Iru wklv sxusrvh wzr gl�huhqw prghov zhuh suhvhqwhg dqg dqdo|vhg/

hdfk zlwk d gl�huhqw irfxv1 Lq erwk prghov/ wkh lqvxudqfh dssurdfk zdv

uhsuhvhqwhg e| phdqv ri folpdwh vhfxulwlhv/ �qdqfldo lqvwuxphqwv gh�qhg rq

folpdwh vwdwhv zlwk d vwuxfwxuh dqdorjxrxv wr wkdw ri Duurz Vhfxulwlhv1

Wkh �uvw prgho frqfhqwudwhg rq wkh lvvxh ri lqfrpsohwh lqirupdwlrq zlwk

uhvshfw wr frxqwulhv* w|shv1 Wklv prgho zdv wdloruhg wr d vhfrqg remhfwlyh/

wkh irupdo dqdo|vlv ri wkh LSFF fodlp wkdw �qdqfldo vwuxfwxuhv ghylvhg iru

lqvxudqfh sxusrvhv hqfrxudjh plwljdwlrq ru/ htxlydohqwo|/ uhgxfh iuhh ulglqj

zlwk uhvshfw wr dedwhphqw1 Zlwklq wkh iudphzrun ri wklv prgho wkh h�hfw ri

folpdwh vhfxulwlhv rq dedwhphqw dfwlylw| zdv vwxglhg e| frpsdulqj vfhqdulrv

zlwk xquhjxodwhg dqg uhjxodwhg pdunhwv iru folpdwh vhfxulwlhv/ uhvshfwlyho|/ wr

d ehqfkpdun vfhqdulr zlwkrxw vxfk �qdqfldo lqvwuxphqwv1 Vlqfh wkh dedwh0

phqw ghflvlrq zdv prghoohg glvfuhwho|/ wkh h�hfw ri wkh folpdwh vhfxulwlhv

zdv pdlqo| uh hfwhg lq wkh fkdqjhv wr wkh frqglwlrqv xqghu zklfk fhuwdlq

Ed|hvldq htxloleuld hphujhg lq wkh gl�huhqw vfhqdulrv1

Wkh pdlq uhvxowv ghulyhg iurp wkh lqfrpsohwh lqirupdwlrq iudphzrun zhuh

wkh iroorzlqj1 Iru wkh vfhqdulr zlwkrxw uhjxodwru| lqwhuyhqwlrq zlwk uhvshfw

wr wudgh lq folpdwh vhfxulwlhv wkh h�hfwv ri folpdwh vhfxulwlhv wxuqhg rxw wr eh

dpeljxrxv1 Wklv zdv wkh fdvh erwk zlwk uhvshfw wr wkh htxloleulxp uhjlrqv

dqg wkh ohyho ri djjuhjdwh dedwhphqw1

4::
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Iru wkh vfhqdulr zlwk uhjxodwlrq ri vhfxulw| wudglqj/ krzhyhu/ wkh h�hfw

rq wkh htxloleulxp uhjlrqv zdv qrw dpeljxrxv1 Wkh suhihuuhg htxloleulxp

dsshduhg iru d odujhu vhw ri hfrqrplhv wkdq iru wkh fdvh zlwkrxw folpdwh vhfx0

ulwlhv1 Lq rwkhu zrugv/ pdunhwv iru folpdwh vhfxulwlhv surgxfhg d �vkliw� zlwk

uhvshfw wr htxloleulxp uhjlrqv wrzdugv wkh Sduhwr0suhihuuhg w|sh0frqvlvwhqw

htxloleulxp vwudwhj| sur�oh1 Wkh h�hfw rq djjuhjdwh dedwhphqw uhpdlqhg

lqghwhuplqdwh gxh wr wkh dedwhphqw ghflvlrq ehlqj prghoohg glvfuhwho|1

Uhfdoo wkdw lq whupv ri wkh xqghuo|lqj lqwxlwlrq wkh LSFF fodlp lv ehvw

dssur{lpdwhg e| wkh vfhqdulr zlwk uhjxodwlrq ri pdunhwv iru folpdwh vhfxul0

wlhv/ vlqfh lq wkh frqwh{w ri wkh LSFF fodlp vrph nlqg ri phfkdqlvp hqvxulqj

frqvlvwhqw ehkdylrxu lv dvvxphg lpsolflwo|1 Ixuwkhupruh/ wkh ohvv ghvludeoh

htxloleulxp vwudwhj| sur�oh zkhuh qrerg| dedwhv fdq eh lqwhusuhwhg dv frq0

vhtxhqfh ri iuhh ulglqj lqwhqwlrqv1 Zlwk wklv lqwhusuhwdwlrq wkh uhvxowv duh

vxssruwlyh ri wkh LSFF fodlp lq wkh vhqvh wkdw zh revhuyh d vkliw dzd| iurp

wkh �iuhh ulglqj� htxloleulxp1

Krzhyhu/ zkhuhdv wkh h�hfw rq wkh htxloleulxp uhjlrqv fdq eh frqvlg0

huhg dv vxssruwlyh ri wkh LSFF fodlp/ wkh h�hfw rq djjuhjdwh dedwhphqw lv

qrw qhfhvvdulo| vxssruwlyh1 Lq sduwlfxodu/ wkh ohyho ri djjuhjdwh dedwhphqw

pd| eh orzhu zlwk folpdwh vhfxulwlhv wkdq zlwkrxw1 Lq wkdw fdvh/ wkh frq0

foxvlrq wkdw lqvxudqfh pdunhwv hqfrxudjh plwljdwlrq grhv qrw vhhp mxvwl�hg1

Qhyhuwkhohvv/ lw vkrxog eh hpskdvl}hg wkdw wkh dpeljxlw| ri wkh h�hfw rq

djjuhjdwh dedwhphqw lv gxh wr/ �uvwo|/ glvfuhwh prghoolqj ri wkh dedwhphqw

ghflvlrq/ dqg/ vhfrqgo|/ pxowlsolflw| ri htxloleuld1 Lq sduwlfxodu/ wkh dpeljx0

rxv h�hfw rqo| dulvhv li �vzlwfkhv� ehwzhhq htxloleuld rffxu zkhq fkdqjlqj

vfhqdulrv1 Wkhuhiruh/ ohvv zhljkw vkrxog eh dwwulexwhg wr wkh h�hfw rq dj0

juhjdwh dedwhphqw ohyhov wkdq wr wkh h�hfw rq wkh htxloleulxp uhjlrqv1 Lq

sduwlfxodu/ wkh frqfoxvlrq wkdw wkh uhvxowv duh vxssruwlyh ri wkh LSFF fodlp

wr d fhuwdlq h{whqw/ lq wkh vhqvh h{sodlqhg deryh/ vhhpv mxvwl�deoh1

D vkruwfrplqj ri wkh lqfrpsohwh lqirupdwlrq dssurdfk lv wkdw wkh dqdo0

|vlv irfxvhg rq vlplodu frxqwulhv1 Dowkrxjk prvw ri wkh �qglqjv frxog eh

jhqhudol}hg wr wkh fdvh ri khwhurjhqhrxv frxqwulhv wkh ghvljq ri uhjxodwlrq

xvhg iru wkh wudglqj uhvwulfwlrqv zrxog qrw eh dssolfdeoh wr khwhurjhqhrxv

frxqwulhv1 Wklv lqfuhdvhv wkh uhohydqfh ri wkh vfhqdulr zlwkrxw uhjxodwru|

lqwhuyhqwlrq zkhuhdv lw uhqghuv wkh vfhqdulr zlwk uhjxodwlrq luuhohydqw zkhq



4:<

frxqwulhv duh khwhurjhqhrxv1

Lw vkrxog eh hpskdvl}hg wkdw wkh vfhqdulr zlwk uhjxodwlrq ri wudgh lq

folpdwh vhfxulwlhv ixqfwlrqv dv d vhfrqg ehqfkpdun udwkhu wkdq lqwhqglqj

wr uhsuhvhqw d uhdolvwlf ghvfulswlrq ri uhdolw|1 Reylrxvo|/ lw lv xqolnho| wkdw

vxfk d v|vwhp ri uhjxodwhg pdunhwv iru wudgh lq folpdwh vhfxulwlhv frxog eh

hvwdeolvkhg lq uhdolw|1 Exw wklv vfhqdulr lv zhoo0vxlwhg dv phdqv ri fdswxulqj

wkh lqwxlwlrq ehklqg wkh LSFF fodlp zlwklq wkh prgho dqg iru wklv uhdvrq lw

pdnhv vhqvh wr lqfoxgh vxfk d vfhqdulr lq wkh dqdo|vlv1

Hylghqwo|/ wkh pruh uhdolvwlf vhwwlqj lv wkh vfhqdulr zlwk xquhjxodwhg pdu0

nhwv iru folpdwh vhfxulwlhv1 Wklv lqfuhdvhv wkh uhohydqf| ri wkh uhvxowv iru wklv

vfhqdulr uhodwlyh wr wkdw ri wkh uhvxowv iru wkh vfhqdulr zlwk uhjxodwlrq1 Do0

wkrxjk lqvwuxphqwv h{dfwo| fruuhvsrqglqj wr wkh folpdwh vhfxulwlhv lq wkh

wzr prghov gr qrw h{lvw dw suhvhqw/ lw vhhpv iurp wkh dqdo|vlv ri vlplodu

lqvwuxphqwv lq Fkdswhu 7 wkdw vxfk lqvwuxphqwv frxog ehfrph uhdolw| lq wkh

qhdu ixwxuh1 Lq sduwlfxodu/ d odujh sduw ri wkh uhtxluhg lqiudvwuxfwxuh vhhpv

wr eh dydlodeoh douhdg|1 Krzhyhu/ vlqfh wkh uhvxowv iru wkh vfhqdulr zlwkrxw

uhjxodwlrq zhuh dpeljxrxv wkh| gr qrw shuplw dq| frqfoxvlrqv dv wr zkhwkhu

wkh fuhdwlrq ri pdunhwv iru folpdwh vhfxulwlhv zrxog eh ghvludeoh ru qrw1 Lq

sduwlfxodu/ rqh vkrxog nhhs lq plqg wkdw vxfk lqvxudqfh pdunhwv zloo qrw

qhfhvvdulo| kdyh d ehqh�fldo h�hfw rq plwljdwlrq dfwlylw|1

Wkh vhfrqg prgho irfxvhg rq hqgrjhqlw| ri suredelolwlhv zlwk uhvshfw wr

folpdwh vwdwhv zlwklq d frpsohwh lqirupdwlrq iudphzrun1 Hqgrjhqlw| ri sure0

delolwlhv lv dq dvshfw wkdw kdv qrw irxqg pxfk dwwhqwlrq lq wkh olwhudwxuh vr

idu1 Zlwklq wkdw vhwwlqj wkh dedwhphqw ghflvlrq zdv prghoohg frqwlqxrxvo|1

Wkh dqdo|vlv frpsduhg wkh rxwfrph ri qrq0frrshudwlyh ehkdylrxu zlwk dqg

zlwkrxw pdunhwv iru folpdwh vhfxulwlhv/ lq sduwlfxodu zlwk uhvshfw wr hplvvlrq

ohyhov dqg zhoiduh ohyhov1

Iru wkh vhfrqg prgho wkh pdlq uhvxow zdv wkh ixqgdphqwdo dpeljxlw| ri

wkh h�hfw ri folpdwh vhfxulwlhv rq dedwhphqw dfwlylw|1 Lw zdv vkrzq wkdw erwk

wkh dedwhphqw h�hfwv dqg wkh zhoiduh h�hfwv ri pdunhwv iru folpdwh vhfxul0

wlhv duh dpeljxrxv1 Lw vkrxog eh hpskdvl}hg wkdw wkh uhvxow frqfhuqlqj wkh

zhoiduh h�hfwv lv qrw dw doo vxusulvlqj zkhq ylhzhg lq uhodwlrq wr wkh Vhf0

rqg Ehvw Wkhruhp/ vlqfh wkh iudphzrun zlwkrxw folpdwh vhfxulwlhv h{klelwv d

vhfrqg glvwruwlrq ehvlghv odfn ri lqvxudqfh pdunhwv1 Djdlq/ wkh ohvvrq wr eh
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ohduqw iurp wkh ixqgdphqwdo dpeljxlw| ri wkh uhvxowv lv wkdw lw vkrxog qrw eh

dvvhuwhg wkdw wkh fuhdwlrq ri qhz �qdqfldo pdunhwv zloo lpsuryh plwljdwlrq

dfwlylw| ru zhoiduh1

Frpelqhgo| uhylhzlqj wkh uhvxowv iurp erwk prghov wkh pdlq frqfoxvlrq

wr eh gudzq iurp wkh dqdo|vlv lv wkdw �qdqfldo lqvwuxphqwv olnh folpdwh vh0

fxulwlhv gr qrw txdoli| dv dq lqvwuxphqw ri lqwhuqdwlrqdo folpdwh srolf|1 Lq

wkdw fdvh/ lw frxog kdyh ehhq sursrvhg wr lqfoxgh vxfk lqvwuxphqwv lq wkh

surfhvv ri lpsohphqwdwlrq ri wkh N|rwr Surwrfro1 Dowkrxjk/ lqlwldoo|/ wkh

LSFF fodlp hyrnhg wkh lpsuhvvlrq wkdw vxfk lqvwuxphqwv frxog eh dq h{0

wuhpho| dwwudfwlyh lqvwuxphqw ri lqwhuqdwlrqdo folpdwh srolf|/ wkh dpeljxlw|

ri wkhlu h�hfw uxohv rxw wklv srvvlelolw|1 Rqh pljkw h{shfw ixuwkhu uhvhdufk

wr uhvroyh wklv dpeljxlw|/ exw dw ohdvw zlwk uhvshfw wr wkh zhoiduh h�hfwv wkh

Vhfrqg Ehvw Wkhruhp ohdyhv olwwoh krsh/ xqohvv doo lqkhuhqw glvwruwlrqv fdq

eh holplqdwhg zklfk lv xqolnho|1

Frqvlghulqj wkh uhfhqw ghyhorsphqw ri d zhdwkhu ghulydwlyhv pdunhw dv

ghvfulehg lq Fkdswhu 7 lw vhhpv wkdw pdunhwv iru folpdwh ghulydwlyhv zloo

ghyhors dxwrqrprxvo| dv vrrq dv sd|r�v ri djhqwv/ h1j1 frxqwulhv ru �upv/

ghshqg vx!flhqwo| rq wkh ghyhorsphqw ri wkh folpdwh1 Krzhyhu/ lw lv gl!fxow

wr hvwlpdwh zkhq wkdw pljkw eh wkh fdvh1 Dw wkh prphqw/ surgxfwv uhodwhg wr

wkh  h{leoh phfkdqlvpv surylghg iru lq wkh iudphzrun ri wkh N|rwr Surwrfro

duh lq wkh surfhvv ri ehlqj ghyhorshg1

Vxppdul}lqj/ rqh fdq vd| wkdw wkh lghd ri hqkdqflqj wkh surfhvv ri plwl0

jdwlrq ri folpdwh fkdqjh e| phdqv ri lqvxudqfh lqvwuxphqwv vhuylqj d wzr0irog

sxusrvh lv d yhu| hohjdqw sursrvdo iurp dq lqwxlwlyh srlqw ri ylhz1 Krzhyhu/

wkh irupdo dqdo|vlv vkrzhg wkdw wkh lqwxlwlrq jlyhq lq wkh LSFF Uhsruw grhv

qrw qhfhvvdulo| fduu| wkurxjk gxh wr wkh uhvxowlqj dpeljxlwlhv/ wkxv vxevwdq0

wldoo| uhgxflqj wkh dwwudfwlylw| ri wkh sursrvhg srolf| lqvwuxphqw1 Wdnlqj

lqwr dffrxqw wkh idfw wkdw wkh sursrvhg vwuxfwxuh lv wrr xquhdolvwlf ixuwkhu

glplqlvkhv lwv dwwudfwlylw|1 Wkhuhiruh/ wkh uhvxowv ri wkh dqdo|vlv gr qrw doorz

iru d uhfrpphqgdwlrq ri lqvwuxphqwv olnh folpdwh vhfxulwlhv dv +vxssohphq0

wdu|, srolf| lqvwuxphqw/ h1j1 zlwklq wkh iudphzrun ri wkh N|rwr surfhvv1



Dsshqgl{ D

Surriv iru Fkdswhu 6

Surri ri Ohppd 4=
Vwhs 4= Pdnlqj xvh ri hohphqwdu| phwkrgv iurp frpelqdwrulfv lw fdq eh

vkrzq wkdw

mlom ' M-

EM � o��- � � � � � EM � oP�- ;o 5 -� +D14,

Vwhs 5= Iru � 5 �Mc o 5 - dqg j 5 �P gh�qh l�
oj G' i/ 5 lo m /E�� ' jj dv

wkh vhw ri doo froohfwlyh vwdwhv lq loc lq zklfk frqvxphu � lv lq wkh lqglylgxdo

vwdwh j� Wklv gh�qhv d sduwlwlrq ri lo iru hdfk � dqg hdfk o�

Dujxlqj vlploduo| dv lq vwhs 4 suryhv wkdw

ml�
ojm ' oj � mlom ;� 5 �Mc o 5 -c ;j 5 �P� +D15,

Vwhs 6= Wkh frqglwlrqdo suredelolw| ��
j�o fdq qrz eh fdofxodwhg +lq whupv

ri froohfwlyh vwdwhv, dv iroorzv=

��
j�o ' ��i/ 5 l G /E�� ' jmoE/� ' oj

'
��i/ 5 l G /E�� ' jc oE/� ' oj

��i/ 5 l G oE/� ' oj

'

S
/Ml�oj

��
/S

/Mlo
��
/

E��2�
'

S
/Ml�oj

��
oS

/Mlo
��
o

'
��
o

��
o

� ml
�
ojm

mlom
E��2�
'

ojmlom
mlom

' ojc

wkxv frpsohwlqj wkh surri1

4;4
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Surri ri Sursrvlwlrq 4=

Ohppd 7 Iru doo / 5 lo dqg iru doo o 5 -

M[
�'�

e�/ ' M
P[

j'�

oj � ej ' .o� +D16,

L1h1 wrwdo hqgrzphqwv ri wkh hfrqrp| duh wkh vdph iru doo froohfwlyh vwdwhv

ohdglqj wr wkh vdph vwdwlvwlfdo vwdwh1

Wkh surri lv hdv| dqg rplwwhg1 Lw xvhv d qxpehu ri vxlwdeoh sduwlwlrqv dv zhoo

dv wkh gh�qlwlrq ri wkh ixqfwlrq oj1

Vwhs 4= Dvvxph wkdw +619, grhv qrw krog/ wkhq

<� 5 �Mc o 5 -c /�c /2 5 lo zlwk 5W�/� 9' 5W�/2 � +D17,

Vwduwlqj iurp wkh htxloleulxp doorfdwlrq 5W zh qrz gh�qh d gl�huhqw ihdvleoh

doorfdwlrq dqg vkrz wkdw lw lv d Sduhwr lpsuryhphqw rq 5W1 Wkh Iluvw Zhoiduh

Wkhruhp wkhq |lhogv wkh ghvluhg frqwudglfwlrq1

Vwhs 41d= Iru � 5 �M dqg o 5 - zh zloo gh�qh wkh frqglwlrqdo h{shfwdwlrq

.5W�o ri wkh E5W�/�/Ml jlyhq o� Ohw ��E/mo� ghqrwh dv xvxdo wkh frqglwlrqdo

suredelolw| ri / jlyhq o iru frqvxphu �� Lq d vlplodu zd| ��E/c o� lv wkh

suredelolw| ri wkh froohfwlyh vwdwh ehlqj / dqg wkh vwdwlvwlfdo vwdwh ehlqj o�

E| gh�qlwlrq ri lo zh kdyh

��E/mo� ' f ;/ 95 lo +D18,

dqg ��E/c o� ' ��
/ ;/ 5 lo +D19,

iru doo � 5 �M� Qrwh wkdw hyhu| suredelolw| glvwulexwlrq �� rq wkh vhw ri froohf0

wlyh vwdwhv l lqgxfhv dq dvvrfldwhg suredelolw| glvwulexwlrq 	�� rq - E� 5 �M�c

gh�qhg e| 	��
o G'

S
/Mlo

��
/ +;o 5 -,1 Xvlqj wkh Dqrq|plw| Dvvxpswlrq

+khuh lpsolflw lq +616,, zh rewdlq4

	��
o

(es�
'

[
/Mlo

��
/

E����
'

[
/Mlo

��
o ' mlom � ��

o � +D1:,

4Qrwh wkdw a�k
u 9@ �k

u krogv zkhqhyhu m
um A 41 Vlqfh �k A 3 lq hdfk frpsrqhqw/ lw
iroorzv wkdw a�k

u A 3 +;u 5 U>;k 5 �K,1
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.5W�o G'
[
/Ml

��E/mo�5W�/
E��D�
'

[
/Mlo

��E/c o�
	��Eo�

5W�/

E��S�
'

[
/Mlo

��
/

	��
o

5W�/
E����
'

[
/Mlo

��
o

	��
o

5W�/
E��.�
'

[
/Mlo

�

mlom5
W
�/ +D1;,

Gh�qh .5W� G' E.5W� oE/��/Ml 5 U-uPM

n dqg .5W G' E.5W�c � � � c .5
W
M�� Wkh exq0

goh .5W� oE/� jlyhv frqvxphu � wkh frqglwlrqdo h{shfwdwlrq ri wkh exqgohv

E5W�/�/Ml � frqglwlrqdo rq oE/� � lqvwhdg ri 5W�/1 Dv .5
W
�o grhv qrw ghshqg rq

�� iru doo � 5 �M dqg iru doo o 5 - / .5W lv dovr lqghshqghqw ri wkh frqvxphuv*

suredelolw| glvwulexwlrqv1

Vwhs 41e= Zh vkrz wkdw .5W lv d ihdvleoh doorfdwlrq1 Ohw o 5 -�[
�

.5W�o
E��H�
'

[
�

[
/Mlo

�

mlom5
W
�/ '

[
/Mlo

�

mlom
[
�

5W�/� +D1<,

E| dvvxpswlrq/ 5W lv dq htxloleulxp doorfdwlrq1 Khqfh/ pdunhw fohdulqj |lhogvS
� 5

W
�/ '

S
� e

�
/ iru doo / 5 l1 E| +D16, zh kdyh

S
� e

�
/ ' .o iru doo / 5 lo1

Khqfh/
S

� 5
W
�/ '

S
� e

�
/ ' .o iru doo / 5 lo1 Vxevwlwxwlqj lqwr +D1<, |lhogv

+iru hdfk / 5 lo,=[
�

.5W�o '
[
/Mlo

�

mlom.o ' .o � �

mlom
[
/Mlo

� ' .o '
[
�

e�/� +D143,

Khqfh/

[
�

.5W� '

#[
�

.5W�oE/��c � � � c
[
�

.5W�oE/
PM

�

$

'

#[
�

e�/�c � � � c
[
�

e�/
PM

$
'
[
�

e��

Wklv frpsohwhv wkh surri ri .5W ehlqj d ihdvleoh doorfdwlrq1

Vwhs 41f= Zh qrz vkrz wkdw .5W lv d Sduhwr lpsuryhphqw rq 5W1

+l, Lw lv hdvlo| vkrzq wkdw iru � ' �c � � � c M =

d5W�/ ' 5W�o ;/ 5 lo ;oo +, .5W� ' 5W�� +D144,

+ll, Zh qrz frqvlghu wkh iroorzlqj vwdwhphqw=�
� vdwlv�hv 5W�/� ' 5W�/2 ' 5W�o ;/�c /2 5 loc ;o

�
+D145,
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Ohw � 5 �M� Wkhq wzr fdvhv duh srvvleoh=

Fdvh 4= � vdwlv�hv +D145,/ zklfk e| +l, lv htxlydohqw wr .5W� ' 5W�� Exw

wkhq

L�E.5W�� ' L�E5W��1

Fdvh 5= � grhv qrw vdwlvi| +D145,/ l1 h1

<o 5 - dqg /�c /2 5 lo zlwk 5W�/� 9' 5W�/2� +D146,

Wr vwduw zlwk

L�E.5W��
E����cE��D�

'
[
o

��
o

[
/Mlo

��E.5W�o�

E��H�
'

[
o

��
o

[
/Mlo

��

#[
/Mlo

�

mlom5
W
�/

$
� +D147,

Vlqfh
S

/Mlo
�

�lo�
' �c wkh dujxphqw ri �� lq +D147, lv d frqyh{ frpelqdwlrq

ri wkh 5W�/c / 5 lo� Lq rughu wr glvwlqjxlvk hdvlo| ehwzhhq qrq0wulyldo dqg

wulyldo frqyh{ frpelqdwlrqv zh gh�qh wkh vhwv

-�
' G' io 5 - m 5W�/ ' 5W�o ;/ 5 loj

dqg -�
�' G'

�
o 5 - m </�c /2 5 lo zlwk 5W�/� 9' 5W�/2

�
�

Wkhq -�
'
�̂-�

�' ' -� Iru doo o 5 -�
' zh duh ghdolqj zlwk d wulyldo frqyh{

frpelqdwlrq/ l1h1
S

/Mlo
�

�lo�
5W�/ ' 5W�o � Frqvhtxhqwo|/ iru doo o 5 -�

'

��

#[
/Mlo

�

mlom5
W
�/

$
' ��E5W�o� '

[
/Mlo

�

mlom�
�E5W�/�� +D148,

Iru o 5 -�
�' zh kdyh qrq0wulyldo frqyh{ frpelqdwlrqv1 E| vwulfw frqfdylw| ri

��

��

#[
/Mlo

�

mlom5
W
�/

$
:
[
/Mlo

�

mlom�
�E5W�/� ;o 5 -�

�'� +D149,
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Vlqfh -�
�' 9' > e| +D146,/

L�E.5W��
E���e�
'

[
o

��
o

[
/Mlo

��

#[
�Mlo

�

mlom5
W
��

$
E���D�cE���S�

:
[
o

��
o

[
/Mlo

[
�Mlo

�

mlom�
�E5W���� ~} �

�?_eR� Js /

'
[
o

[
�Mlo

�

mlom�
�E5W���

[
/Mlo

��
o

E����
'

[
/Ml

��
/�

�E5W�/� ' L�E5W���

lll, E| +ll, zh kdyh L�E.5W�� � L�E5W�� iru doo � 5 �M� Gxh wr dvvxpswlrq

+D17, wkhuh h{lvwv dw ohdvw rqh � wkdw grhv qrw vdwlvi| +D145,1 Iru

wklv2wkhvh � zh hyhq kdyh L�E.5W�� : L�E5W��� Wkhuhiruh .5
W lv d Sduhwr

lpsuryhphqw rq 5W�

Vwhs 41g= E| wkh Iluvw Zhoiduh Wkhruhp 5W lv Sduhwr0h!flhqw/ wkxv wkhuh

fdq qrw eh dq doorfdwlrq wkdw lv d Sduhwr lpsuryhphqw rq 5W1 Wklv jlyhv xv

wkh ghvluhg frqwudglfwlrq dqg +619, pxvw krog1

Qrwh wkdw +619, dovr lpsolhv wkdw zlwklq hdfk vwdwlvwlfdo vwdwh wkh htxlole0

ulxp frqvxpswlrq ri frqvxphu � grhv qrw ghshqg rq wkh lqglylgxdo vwdwh/

l1h1 lq frqwlqjhqw htxloleulxp zh kdyh ixoo lqvxudqfh zlwklq hdfk vwdwlvwlfdo

vwdwh1 Dv frqvxphuv duh ulvn0dyhuvh dffruglqj wr Dvvxpswlrq 5 wklv lv qrw

vxusulvlqj1

Vwhs 5= Dv ERWc 5W� lv d frqwlqjhqw pdunhw htxloleulxp/ zh nqrz wkdw

frqvxphuv pd{lpl}h xwlolwlhv1 Ohw � 5 �M� Iurp wkh �uvw rughu frqglwlrqv iru

xwlolw| pd{lpl}dwlrq ri frqvxphu � zh jhw

��
/ � judg��E5W�/� ' b�R

W
/ ;/ 5 lc +D14:,

zkhuh b� lv wkh Odjudqjh0pxowlsolhu lq wkh pd{lpl}dwlrq sureohp ri frqvxphu

�� Xvlqj wkh Dqrq|plw| Dvvxpswlrq htxdwlrq +D14:, |lhogv

RW/� '
��
o

b�
� judg��E5W�/��

dqg RW/2 '
��
o

b�
� judg��E5W�/2�

E��S�
'

��
o

b�
� judg��E5W�/�� ' RW/�c
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zklfk suryhv +61:,1 Wklv frpsohwhv wkh surri1

Surri ri Sursrvlwlrq 5=
Dffruglqj wr Gh�qlwlrq 4 zh kdyh wr vkrz wkdw ERWc 5Wc ^Wc rWc 6W� vdwlv�hv

+6145, wr +6148,1

Vwhs 4= Zh xvh wkh idfw wkdw ERWc 5W� lv d frqwlqjhqw pdunhw htxloleulxp

lq rughu wr ghulyh vrph xvhixo lghqwlwlhv1

Vwhs 41d= E| Sursrvlwlrq 4

RW/ ' RWo ;/ 5 loc;o +D14;,

dqg 5W�/ ' 5�Wo ;/ 5 loc ;o� +D14<,

Vwhs 41e= E| rxu dvvxpswlrqv/ 5W� vdwlv�hv wkh exgjhw uhvwudlqw ri frq0

vxphu � iru doo � 5 �M� Gxh wr Sursrvlwlrq 4 +htxdwlrqv +D14;, dqg D14<,,

dv zhoo dv e| wkh gh�qlwlrq ri l�
oj dqg +D15, zh fdq h{suhvv wklv htxdwlrq lq

whupv ri o dqg j lqvwhdg ri /�

RWE5W� � e��
E���H�cE���b�

'
[
oM-

RWo
[
/Mlo

E5�Wo � e�/E���

E��2�
'

[
oM-

RWo

P[
j'�

ojmlomE5�Wo � e�j�

Wkhuhiruh

RWE5W� � e�� ' f +,
[
oM-

RWomlom
P[

j'�

��
j�oE5

�W
o � e�j� ' f� +D153,

Vwhs 41f= Zh ghdo zlwk wkh pdunhw fohdulqj frqglwlrq lq wkh vdph zd|1
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Khuh � ehvlghv Sursrvlwlrq 4 � zh xvh wkh gh�qlwlrq ri �M/
j dqg +614,/ rewdlqlqj

[
�

E5W� � e�� ' f

+,
[
�

E5W�/ � e�/� ' f ;/ 5 l

+,
[
�

5W�/ �
[
�

e�/ ' f ;/ 5 loc ;o

E����cE���b�+,
[
�

5�Wo �M
[
j

ojej ' f ;o

+,
[
�

5�Wo

#[
j

oj

$
� ~} �

'�

�
[
�

[
j

ojej ' f ;o

+,
[
�cj

ojE5
�W
o � ej� ' f ;o +D154,

Vwhs 5= Iluvw ri doo zh vkrz wkdw +6146, lv vdwlv�hg iru doo � 5 �M/ l1h1 zh

vkrz wkdw E5W�c r
�Wc 6�W� 5 ��

7UER
Wc ^W( e�� iru doo � 5 �M�

Ohw � 5 �M�E| gh�qlwlrq ri��
7UER

Wc ^W( e�� zh kdyh wr vkrz wkdw E5W�c r
�Wc 6�W�

vdwlv�hv htxdwlrqv +61<,/ +6143, dqg +6144, z1u1w1 RW dqg ^W�

Vwhs 51d= Zh ehjlq zlwk +61<,1 Lw lv vwudljkwiruzdug wr fkhfn wkdw +61<, lv

vdwlv�hg zlwk uhvshfw wr RW e| wkh gh�qlwlrq ri 6�W
jo lq +614;, dqg Sursrvlwlrq

41

Vwhs 51e= Qrz zh vkrz wkdw +6143, krogv zlwk uhvshfw wr ^W�

[
o

^Wor
�W
o

E���S�cE���.�
'

[
o

mlom
[
j

RWo�
�
j�oE5

�W
o � e�j�

E��2f�
' f

Vwhs 51f= Lw uhpdlqv wr suryh wkdw htxdwlrq +6144, dovr krogv zlwk uhvshfw
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wr RW iru E5W�c r
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Surriv iru Fkdswhu 8

Surri ri Ohppd 5=
E| wkh gh�qlwlrq ri ^fEw�c �@� lq +8147,

rkEw�c ^c �@� ' f / ^ ' ^fEw�c �@�

krogv4 iru doo w� dqg doo �@� Reylrxvo|/ ghpdqg iru vhfxulw| k lv qhjdwlyh li

dqg rqo| li wkh vhfxulw| sulfh ^ lv odujhu wkdq ^fEw�c �@� dqg srvlwlyh li ^ lv

vpdoohu wkdq ^fEw�c �@�� Wkhuhiruh/ wkh vljq ri wkh ghpdqg iru vhfxulw| k lv

fkdudfwhul}hg e|

rkEw�c ^c �@�

3
EC :

'

	

4
FD f / ^

3
EC 	

'

:

4
FD ^fEw�c �@� iru doo w�c �@� +E14,

Vlqfh

Y^fEw�c �@�

Yw�
'

E�� ^fEw�c �@��
2

E�� w��2
��E7/k�

��E/qE�@��
: fc

zh jhw5 ^fEw�c �@� : ^fEw�c �@��

Li ^ � ^fEw�c �@� : ^fEw�c �@�c wkhq e| +E14, zh kdyh

rkEw�c ^c �@� � f dqg rkEw�c ^c �@� 	 f

4Qrwh wkdw wkh uljkw kdqg vlgh ri wkh �uvw rughu frqglwlrq lq +8144, lv vwulfwo| ghfuhdvlqj
lq v�l =

5Z1o1r1j1 wuhdw �l dv d frqwlqxrxv yduldeoh1
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wkhuhiruh ^ fdqqrw eh dq htxloleulxp vhfxulw| sulfh1

Li ^ � ^fEw�c �@� 	 ^fEw�c �@�c wkhq +E14, lpsolhv

rkEw�c ^c �@� : f dqg rkEw�c ^c �@� � f

zklfk fdqqrw eh dq htxloleulxp hlwkhu/ surylqj sduw d, ri Ohppd 51 Sduw e,

iroorzv iurp +8148, dqg +E14,/ t1h1g1

Surri ri Sursrvlwlrq 6=
Uhfdoo wkdw/ e| gh�qlwlrq/ d vwudwhj| sur�oh lv d Ed|hvldq htxloleulxp/ li

dqg rqo| li qhlwkhu w|sh D frxqwulhv qru w|sh E frxqwulhv fdq lpsuryh wkhlu

h{shfwhg6 xwlolw| e| ghyldwlqj iurp wkdw vwudwhj| sur�oh1

d, Zh ghulyh wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @� zlwk @�� Ew
�� '

@�� Ew
�� ' u iru � ' �c ���c ? dv gh�qhg lq Wdeoh 8161 Gh�qh wkh w|sh sur0

�oh ri doo frxqwulhv zlwk wkh h{fhswlrq ri frxqwu| � dv

w3� G' Ew�c ���c w�3�c w�n�c ���c w?��

Iluvw/ frqvlghu d srvvleoh ghyldwlrq ri frxqwu| � zkhq lw lv w|sh D Jlyhq

wkdw wkh uhpdlqlqj ?�� frxqwulhv iroorz vwudwhj| @� wkh| dozd|v fkrrvh

uc lqghshqghqwo| ri wkhlu w|sh/ vr wkdw

�@3�Ew3�� ' f iru doo w3� +E15,

zkhuh �@3� lv gh�qhg dqdorjrxvo| wr �@� Wkxv/ zh gr qrw kdyh wr wdnh

h{shfwdwlrqv zlwk uhvshfw wr wkh w|sh sur�oh w3��

Frxqwu| � zlwk w� ' w� zloo qrw ghyldwh iurp @�� Ew
�� ' u wr wr d vwudwhj|

7@�� zlwk 7@�� Ew
�� ' M/ li dqg rqo| li

�L�Ew
�( @�� Ew

��c �@3�� � �L�Ew
�( 7@�� Ew

��c �@3��

E��2�/ �L�Ew
�(uc f� � �L�Ew

�(Mc f�

ED��b�/ E�� w��K@Krf � E�� w��K@Kr� � S

ED�e�/ S � E�� w��K�� +E16,

6H{shfwdwlrqv duh wdnhq zlwk uhvshfw wr wkh rwkhu frxqwulhv* w|shv frqglwlrqdo rq d
frxqwu|*v rzq w|sh1
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Vlploduo|/ frxqwu| � zlwk w� ' w� zloo qrw ghyldwh wr d vwudwhj| 7@�� zlwk

7@�� Ew
�� ' M/ li dqg rqo| li

�L�Ew
�( @�� Ew

��c �@3�� � �L�Ew
�( 7@�� Ew

��c �@3��

ED��b�cE��2�/ E�� w��K@Krf � E�� w��K@Kr� � S

ED�e�/ S � E�� w��K�� +E17,

Vlqfh w� : w� lpsolhv E� � w��K� 	 E� � w��K�c lqhtxdolw| +E16, lv

lpsolhg e| lqhtxdolw| +E17,/ surylqj sduw d, ri Sursrvlwlrq 61

e, Qrz wxuq wr vwudwhj| sur�oh @2 zlwk @2� Ew
�� ' u dqg @2� Ew

�� ' M

iru � ' �c ���c ? dv gh�qhg lq Wdeoh 8161 Lq frqwudvw wr sduw d, ri wkh

surri deryh/ wkh ydoxh ri �@3� qrz ghshqgv rq wkh w|sh sur�oh w3�/ vlqfh

vwudwhj| sur�oh @2 lv d vhsdudwlqj vwudwhj| sur�oh1 Wkhuhiruh zh kdyh

wr wdnh h{shfwdwlrqv zlwk uhvshfw wr w3�� Qrwh wkdw/ lq sulqflsoh/ wkh

h{shfwdwlrqv duh frqwlqjhqw rq frxqwu| �*v rzq w|sh w�c exw gxh wr wkh

lqghshqghqf| ri wkh sulru glvwulexwlrq wkh frqwlqjhqw suredelolwlhv duh

htxdo wr wkh xqfrqwlqjhqw suredelolwlhv1 Wkhuhiruh zh fdq zulwh � Ew3��

ehorz lqvwhdg ri � Ew3�mw� ' wf� iru wkh suredelolw| ri w3� frqwlqjhqw

rq frxqwu| � ehlqj w|sh f Ef ' �c���

Iru d jlyhq w|sh sur�oh w wkh qxpehu ri w|sh D frxqwulhv dprqjvw wkh

?� � frxqwulhv � 9' � lv

?3�� Ew3�� G' i� 9' �mw� ' w�j�
Dvvxplqj wkdw wkh ?� � frxqwulhv � 9' � vwlfn wr vwudwhj| @2c wkh w|sh

D frxqwulhv dprqjvw wkhvh ?�� frxqwulhv/ ri zklfk wkhuh duh ?3�� Ew3��c

fkrrvh u dqg wkh w|sh E frxqwulhv dprqjvw wkhvh ? � � frxqwulhv/

ri zklfk wkhuh duh ? � � � ?3�� Ew3��c fkrrvh M1 Wkxv wkh qxpehu ri

frxqwulhv dedwlqj/ l1h1 fkrrvlqj Mc dprqjvw wkhvh ?� � frxqwulhv lv

�@3�Ew3�� ' ?� �� ?3�� Ew3���

Qrwh wkdw ?3�� Ew3�� lv elqrpldoo| glvwulexwhg zlwk
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Frxqwu| � zlwk w� ' w� zloo qrw ghyldwh iurp vwudwhj| @2� wr d vwudwhj|

7@2� zlwk 7@2� Ew
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sur�oh @� lv d srrolqj vwudwhj| wkh ydoxh ri �@3� lv lqghshqghqw ri w3�
olnh lq d, deryh/ lq sduwlfxodu

�@3�Ew3�� ' ?� � iru doo w3�� +E1;,

Frxqwu| � zloo qrw ghyldwh iurp vwudwhj| sur�oh @� dv w|sh fc li dqg
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rqo| li
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Wkhuhiruh/ vwudwhj| sur�oh @e fdqqrw eh d Ed|hvldq htxloleulxp/ surylqj

sduw f, ri Sursrvlwlrq 6/ t1h1g1
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Surri ri Sursrvlwlrq 7=

Vlqfh lqwhulp Sduhwr0grplqdqfh lpsolhv h{ dqwh Sduhwr0grplqdqfh/7 lw lv vxi0

�flhqw wr suryh wkdw vwudwhj| sur�oh @2 Sduhwr0grplqdwhv vwudwhj| sur�oh @�

iurp wkh lqwhulp srlqw ri ylhz1 Iru wklv sxusrvh zh fdofxodwh wkh lqwhulp xwlo0

lwlhv8 lqgxfhg e| @� dqg @2� W|sh D*v lqwhulp xwlolw| ghulyhg iurp vwudwhj|
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sur�oh @2 vlplodu fdofxodwlrqv |lhog wkh lqwhulp xwlolwlhv
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zkhuh R& lv gh�qhg dv lq +E18, deryh1 Qrwh wkdw E�� w��
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&'f R&K
@Kr
?3�3& : f
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Li vwudwhj| sur�oh @2 lv dq htxloleulxp/ wkh htxloleulxp frqglwlrq iru w|sh E

7Vhh P|huvrq ^4<<4`/ s1 7;8/ dqg Kropvwurp dqg P|huvrq ^4<;6`1
8Vlqfh frxqwulhv duh lghqwlfdo dsduw iurp wkh w|sh lqwhulp xwlolw| grhv qrw ghshqg rq d

frxqwu|*v qdph/ rqo| rq wkh w|sh1
9E| lqghshqghqfh ri wkh sulru glvwulexwlrq S +��lm�l @ �[, @ S +��l, djdlq krogv iru

[ @ D>E dqg doo l @ 4> ===> q=
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lq +8154, lv htxlydohqw wr
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, E�� w��
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?3�[
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E���2�

� f ' L �?|E@�mw��c

dqg vwudwhj| sur�oh @2 lqwhulp0grplqdwhv vwudwhj| sur�oh @� zkhqhyhu vwudw0

hj| sur�oh @2 lv dq htxloleulxp1

Frqfhuqlqj h{ srvw0grplqdqfh/ iru w|sh � zh kdyh

L e% RJr|E@2mEw�c w3��� ' E�� w��K@Kr
?3�3?3�

�

� f ' L e% RJr|E@�mEw�c w3��� ;w3�c;�c

rq wkh rqh kdqg/ dqg
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?3?3�

�

zlwk

�Sn E�� w��K@Kr
?3?3�

�

ED�e�
	 �Sn E�� w��K?3?3��

ED�D�
	 f ' L e% RJr|E@�mEw�c w3���

iru ?3�� ' ?� �c rq wkh rwkhu kdqg/ vr wkdw qhlwkhu ri wkh vwudwhj| sur�ohv

@� dqg @2 h{ srvw0grplqdwhv wkh rwkhu rqh/ t1h1g1

Surri ri Sursrvlwlrq 8=
Wkh surri surfhhgv lq h{dfwo| wkh vdph zd| dv wkdw ri Sursrvlwlrq 6/ wkh
rqo| gl�huhqfh ehlqj wkdw wkh xwlolw| ixqfwlrqv lq wkh devhqfh ri vhfxulw|

pdunhwv/ �L�Ew�( @�c �@3��c duh vxevwlwxwhg e| wkrvh iru wkh fdvh ri xquhjxodwhg

vhfxulw| pdunhwv gh�qhg lq +8157,/ L�-
� Ew�c ?�( @�c �@3��� Vlqfh ?3�� Ew3�� qrz

hqwhuv wkh xwlolw| ixqfwlrq zh kdyh wr wdnh h{shfwdwlrqv lq wkh dqdo|vlv ri wkh

htxloleulxp frqglwlrqv iru vwudwhj| sur�ohv @� dqg @� dv zhoo1
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d, Iru vwudwhj| sur�oh @� zh jhw wkh iroorzlqj htxloleulxp frqglwlrqv1

W|sh D zloo qrw ghyldwh/ li dqg rqo| li[
w3�

� Ew3��L
�-
� Ew�c ?3�� Ew3�� n �(uc f�
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[
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R&}Ew
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&'f

R&}Ew
�c & n �( ��

ED�e�/ E�� w��K�n
?32[
&'f

R&d}Ew
�c & n �( ��� }Ew�c & n �( f�o � S�
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duh w|sh E dqg wkhuh qr wudgh1

e, Dqdorjrxvo|/ wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @2 fdq eh

:Fi1 wkh gh�qlwlrq ri wkh xwlolw| ixqfwlrqv lq +8157,1
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w3�

� Ew3��L
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Iru w|sh E wkh uhvxowlqj lqhtxdolw| lv yhu| vlplodu wr wkdw iru w|sh D1

Wkh rqo| gl�huhqfh lv wkdw wkh vxp ri wkh jdlqv iurp wudgh h{suhvvlrqv

uxqv iurp & ' � wr & ' ? � �� Wkhuhiruh/ w|sh E zloo qrw ghyldwh/ li

dqg rqo| li

E�� w��K? n
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R&d}Ew
�c &c ?�� }Ew�c &c ?� ��o � S�

g, Ilqdoo|/ wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @e duh ghulyhg1
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w3�

� Ew3��L
�-
� Ew�c ?3�� Ew3��(uc �@3�Ew3���

�
[
w3�

� Ew3��L
�-
� Ew�c ?3�� Ew3��(Mc �@3�Ew3���

/
?3�[
&'f

R&E�� w��K@Kr& n
?3�[
&'�

R&}Ew
�c &( &�

�� Sn
?3�[
&'f

R&dE�� w��K@Kr&n� n
?3�[
&'�

R&}Ew
�c &( & n ��

/ E�� w��
?3�[
&'f

R&K&n� n
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frpsohwlqj wkh surri ri Sursrvlwlrq 8/ t1h1g1

Surri ri Sursrvlwlrq 9=
Wkh surri djdlq surfhhgv olnh wkdw ri Sursrvlwlrq 6/ qrz wkh xwlolw| ixqfwlrqv

L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� iru wkh fdvh ri uhjxodwhg vhfxulw| pdunhwv/ gh�qhg lq

+8167,/ duh vxevwlwxwhg iru �L�Ew�c @�c �@3���

d, Iluvw zh ghulyh wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @�� Qrwh

wkdw vwudwhj| sur�oh @� lv d frqvlvwhqw vwudwhj| iru w|sh D frxqwulhv/

exw qrw iru w|sh E frxqwulhv1; Irupdoo|/ L�Ewc @�� ' i�mw� ' w�jdqg
Q-Ewc @�� ' i�mw� ' w�j iru doo w|sh sur�ohv w vr wkdw

?-�Ewc @
�� ' ?-Ewc @�� ' ?�Ewc @

�� dqg ?-�Ewc @
�� ' f iru doo w�

+E146,

;Fi1 Vhfwlrq 817151
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Wkhuhiruh/ li wkh| iroorz vwudwhj| @�/ doo w|sh E frxqwulhv duh uhvwulfwhg

zlwk uhvshfw wr vhfxulw| wudglqj dqg gr qrw uhfhlyh dq| jdlqv iurp wudgh1

Qrz frqvlghu frxqwu| � zlwk w� ' w�� Li frxqwu| � fkrrvhv @�� Ew
�� ' uc

lw frxog srwhqwldoo| wudgh lq vhfxulwlhv/ exw wkhuh lv qrerg| rq wkh

rssrvlwh vlgh ri wkh pdunhw/ vlqfh doo srwhqwldo wudglqj sduwqhuv +wkh

w|sh E frxqwulhv, duh uhvwulfwhg lq wkhlu wudghv1 Frqvhtxhqwo|/ � fdqqrw

ehqh�w iurp jdlqv iurp wudgh1 Lq wkh gh�qlwlrq ri L-
� Ew�c ?

-
�c ?

-
�( @�c �@3��

lq +8167, wklv fruuhvsrqgv wr � 5 Q-Ewc @�� dqg ?-�Ewc @
�� ' ?-Ewc @���

Li frxqwu| � ghyldwhg wr d vwudwhj| 7@�� zlwk 7@�� Ew
�� ' M/ lw zrxog h{klelw

lqfrqvlvwhqw ehkdylrxu lwvhoi dqg zrxog wkxv qrw eh deoh wr wudqvdfw lwv

ghvluhg wudghv1 Wklv fdvh fruuhvsrqgv wr � 5 LEwc 7@�� lq wkh gh�qlwlrq

ri L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� lq +8167,1

Dvvxplqj wkdw wkh rwkhu ? � � frxqwulhv sod| dffruglqj wr vwudwhj|

sur�oh @� zh djdlq kdyh �@3�Ew3�� ' f iru doo w3�� Wkhuhiruh/ w|sh D zloo

qrw ghyldwh iurp vwudwhj| @�� wr d vwudwhj| 7@�� zlwk 7@�� Ew
�� ' M/ li dqg

rqo| li

L-
� Ew

�c ?-�Ewc @
��c ?-�Ewc @

��( @�� Ew
��c �@3��

� L-
� Ew

�c ?-�Ewc 7@
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��( 7@�� Ew
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� Ew
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� L-
� Ew
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ED��e�/ E�� w��K@Krf � E�� w��K@Kr� � S

ED�e�/ E�� w��K� � S�

Qrz frqvlghu frxqwu| � zlwk w� ' w�� Li frxqwu| � vwlfnv wr vwudwhj|

sur�oh @�c lw ehkdyhv lqfrqvlvwhqwo|/ wkhuhiruh wkhuh duh qr jdlqv iurp

wudgh iru frxqwu| � +wklv fruuhvsrqgv wr � 5 LEwc @�� lq wkh gh�qlwlrq

ri wkh xwlolw| ixqfwlrq L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� lq +8167,�� Wkhq frxqwu|

�*v sd|r� grhv qrw ghshqg rq ?3�� Ew3�� vr wkhuh duh qr h{shfwdwlrqv

lqyroyhg lq fdofxodwlqj wkh sd|r�1

Li frxqwu| � ghyldwhg wr 7@�� zlwk 7@�� Ew
�� ' M/ lw zrxog eh wkh rqo| w|sh

E frxqwu| doorzhg wr wudgh dqg qrqh ri wkh w|sh D frxqwulhv zrxog eh
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uhvwulfwhg/ l1h1
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�� ' � dqg ?-�Ewc 7@
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Uhfdoo iurp wkh surri ri Sursrvlwlrq 6 wkdw ?3�� Ew3�� lv elqrpldoo| glv0

wulexwhg1 Pruhryhu/ �@3�Ew3�� ' f krogv iru doo w3�� Wkhuhiruh/ w|sh E

zloo qrw ghyldwh iurp vwudwhj| @�� wr d vwudwhj| 7@�� zlwk 7@�� Ew
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dqg rqo| li
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� Ew

�c ?-�Ewc @
��c ?-�Ewc @

��( @�� Ew
��c �@3��

� L-
� Ew

�c ?-�Ewc 7@
��c ?-�Ewc 7@

��( 7@�� Ew
��c �@3��

E�����cE���e�/ L-
� Ew

�c ?�Ew�c f(uc f�

�
[
w3�

� Ew3��L
-
� Ew

�c ?�Ew�c �(Mc f�

ED��e�/ E�� w��K@Krf � E�� w��K@Kr� � Sn
?3�[
&'�

R&}
-Ew�c &c �( ��

ED�e�/ S � E�� w��K� n
?3�[
&'�

R&}
-Ew�c &c �( ��� +E148,

Olnh lq wkh surri ri Sursrvlwlrq 8 deryh wkh vxp lq lqhtxdolw| +E148,

rqo| uxqv iurp & ' � wr & ' ?� � vlqfh wkhuh lv qr wudgh iru & ' f�

e, Qrwh wkdw vwudwhj| sur�oh @2 lv frqvlvwhqw iru erwk w|shv1 Wkhuhiruh/

qrqh ri wkh frxqwulhv lv uhvwulfwhg zlwk uhvshfw wr vhfxulw| wudglqj/ l1h1

?-�Ewc @
2� ' ?�Ew� dqg ?-�Ewc @

2� ' ?�Ew� iru doo w� +E149,

Iluvw/ frqvlghu frxqwu| � zlwk w� ' w�� Li frxqwu| � vwlfnv wr vwudwhj| @2c

lwv vhfxulw| wudghv duh qrw uhvwulfwhg +wklv fruuhvsrqgv wr � 5 Q-Ewc @2�

lq wkh gh�qlwlrq ri wkh xwlolw| ixqfwlrq L-
� lq +8167,,1 Krzhyhu/ li wkhuh

duh rqo| w|sh D frxqwulhv/ l1h1 ?3�� Ew3�� ' ? � �c wkhuh lv qrerg| wr

wudgh zlwk1

Li frxqwu| � ghyldwhg wr vwudwhj| 7@2 zlwk 7@2� Ew
�� ' Mc lw zrxog h{klelw

lqfrqvlvwhqw ehkdylrxu +wklv fruuhvsrqgv wr � 5 LEwc 7@2� lq +8167,� dqg

frxog qrw wudgh1
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Djdlq/ wkh h{suhvvlrqv ?3�� Ew3�� dqg �@3�Ew3�� duh erwk elqrpldoo| glv0
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Qrz frqvlghu frxqwu| � zlwk w� ' w�� Vwlfnlqj wr vwudwhj| sur�oh @2

lv frqvlvwhqw iru w|sh E +wklv fruuhvsrqgv wr � 5 Q-Ewc @2� lq +8167,,1

Krzhyhu/ li ?3�� Ew3�� ' fc wkhuh lv qr wudglqj sduwqhu1

Ghyldwlqj iurp vwudwhj| @2 wr d vwudwhj| 7@2 zlwk 7@2� Ew
�� ' u phdqv iru0

ihlwlqj wkh jdlqv iurp wudgh +wklv fruuhvsrqgv wr � 5 LEwc 7@2� lq +8167,,1

Wkhuhiruh w|sh E zloo qrw ghyldwh iurp vwudwhj| sur�oh @2c li dqg rqo|
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f, Zh qrz wxuq wr vwudwhj| sur�oh @� zklfk lv d frqvlvwhqw vwudwhj| iru

w|sh E/ exw qrw iru w|sh D1 Wkhuhiruh/ Q-Ewc @�� ' i�mw� ' w�j dqg

?-�Ewc @
�� ' f iru doo w�

Li frxqwu| � zlwk w� ' w� vwlfnv wr @�� Ew
�� ' M/ lwv wudglqj lv uhvwulfwhg

E� 5 LEwc @�� lq +8167,,1

Li lw ghyldwhv iurp vwudwhj| sur�oh @� wr vwudwhj| 7@�� zlwk 7@�� Ew
�� ' uc lw

h{klelwv frqvlvwhqw ehkdylrxu E� 5 Q-Ewc 7@�� lq +8167,, dqg ?-�Ewc 7@
�� '

� iru doo w1 Krzhyhu/ ?-�Ewc 7@
�� ' ?�Ew� ghshqgv rq wkh w|sh sur�oh vr

wkdw h{shfwdwlrqv zlwk uhvshfw wr w3� kdyh wr eh wdnhq1

Dvvxplqj wkdw doo rwkhu frxqwulhv vwlfn wr vwudwhj| sur�oh @�c zh kdyh

�@3�Ew3�� ' ?� � iru doo w3��

W|sh D zloo qrw ghyldwh iurp vwudwhj| @�/ li dqg rqo| li
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� Ew
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ED��e�/ E�� w��K@Kr? � S �E�� w��K@Kr?3�
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ED�e�/ E�� w��K? �Sn
?32[
&'f

R&}
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Krzhyhu/ lqhtxdolw| +E14:, frqwudglfwv +819, vlqfh wkh vxp rq wkh uljkw

kdqg vlgh lv dozd|v odujhu wkdq }hur1 Wkhuhiruh vwudwhj| sur�oh @� lv

uxohg rxw dv dq htxloleulxp zkhq vhfxulw| pdunhwv duh uhjxodwhg1

g, Ilqdoo|/ frqvlghu vwudwhj| sur�oh @e zklfk lv lqfrqvlvwhqw iru erwk w|shv1

Wkhuhiruh/ d frxqwu| fdq rqo| dwwdlq jdlqv iurp wudgh zkhq ghyldwlqj

iurp vwudwhj| @e� Exw wkhq/ dvvxplqj wkdw doo rwkhu frxqwulhv vwlfn wr



539 DSSHQGL[ E1 SURRIV IRU FKDSWHU 8

vwudwhj| @ec wkhuh lv qrerg| rq wkh rssrvlwh vlgh ri wkh pdunhw vr wkdw

wkhuh zloo eh qr wudgh1 Frqvhtxhqwo|/ wkh sd|r�v fruuhvsrqg h{dfwo|

wr wkrvh lq wkh devhqfh ri vhfxulw| pdunhwv +fi1 sduw f, lq wkh surri ri

Sursrvlwlrq 6, dqg wkh uhvxowlqj htxloleulxp frqglwlrqv duh wkh vdph

dv wkrvh lq wkh devhqfh ri vhfxulw| pdunhwv/ +E143, dqg +E144,1 Vlqfh

wkh| frqwudglfw hdfk rwkhu +vhh surri ri Sursrvlwlrq 6 deryh,/ vwudwhj|

sur�oh @e fdqqrw eh d Ed|hvldq htxloleulxp zkhq vhfxulw| pdunhwv duh

uhjxodwhg/ frpsohwlqj wkh surri ri Sursrvlwlrq 9/ t1h1g1

Surri ri Sursrvlwlrq :=
Qdwxudoo|/ wkh surri vwurqjo| uhvvhpeohv wkdw ri Sursrvlwlrq 9 deryh1 Uhfdoo

iurp Vhfwlrq 81815 wkdw wkh xwlolw| ixqfwlrq L-
� Ew�c ?

-
�c ?

-
�( @�c �@3�� gh�qhg lq

+8167, vwloo dssolhv1 Wkh rqo| gl�huhqfh uhodwlyh wr wkh nlqg ri uhjxodwlrq lq

Sursrvlwlrq 9 lv wkh gh�qlwlrq ri ?-�� Zlwk wkh dowhuqdwlyh uhjxodwlrq ghvljq

?-�Ewc @� ' ?�Ewc @� krogv iru doo wc @c +E14;,

vlqfh uhjxodwlrq lv qrw gluhfwhg dw w|sh D1

d, Iluvw zh ghulyh wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @�� Qrwh

wkdw @� lv dq lqfrqvlvwhqw vwudwhj| iru w|sh E frxqwulhv/ wkhuhiruh doo

w|sh E frxqwulhv duh vxemhfw wr wudglqj uhvwulfwlrqv li wkh| iroorz vwudw0

hj| @�c l1h1 ?-�Ewc @
�� ' f krogv iru doo w1

Frqvlghu frxqwu| � zlwk w� ' w�1 Vlqfh w|sh D frxqwulhv duh qrw vxemhfw

wr uhjxodwlrq/ frxqwu| � frxog srwhqwldoo| wudgh lq vhfxulwlhv/ qr pdwwhu

zkhwkhu lw vwlfnv wr vwudwhj| @� ru ghyldwhv wr 7@�� zlwk 7@�� Ew
�� ' M�

Krzhyhu/ dvvxplqj wkdw doo rwkhu frxqwulhv iroorz vwudwhj| @� wkhuh lv

qr wudglqj sduwqhu/ vlqfh doo srwhqwldo wudglqj sduwqhuv +wkh w|sh E

frxqwulhv, duh uhvwulfwhg lq wkhlu wudghv1 Frqvhtxhqwo|/ frxqwu| � grhv

qrw uhfhlyh dq| jdlqv iurp wudgh dqg wkh htxloleulxp frqglwlrq iru w|sh

D lv lghqwlfdo wr wkh fruuhvsrqglqj lqhtxdolw| lq wkh devhqfh ri vhfxulw|

pdunhwv/ lqhtxdolw| +E16, lq wkh surri ri Sursrvlwlrq 6 deryh/ zklfk

zdv dovr wkh htxloleulxp frqglwlrq zkhq erwk w|shv zhuh vxemhfw wr

uhjxodwlrq1
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Qrz frqvlghu frxqwu| � zlwk w� ' w�1 Li frxqwu| � vwlfnv wr vwudwhj|

@�c lw ehkdyhv lqfrqvlvwhqwo|/ wkhuhiruh wkhuh duh qr jdlqv iurp wudgh

E� 5 LEwc @�� lq +8167,,1 Li frxqwu| � ghyldwhg wr 7@�� zlwk 7@�� Ew
�� ' M/

lw zrxog eh wkh rqo| w|sh E frxqwu| doorzhg wr wudgh dqg qrqh ri

wkh w|sh D frxqwulhv zrxog eh uhvwulfwhg/ l1h1 wkh surshuwlhv lq +E147,

deryh dsso|1 Wkhuhiruh/ ?-� dqg ?-� kdyh wkh vdph surshuwlhv dv lq sduw

d, ri wkh surri ri Sursrvlwlrq 9 deryh iru doo wc @� Frqvhtxhqwo|/ wkh

htxloleulxp frqglwlrq iru w|sh E lv lghqwlfdo wr +E148,1

Qrwh wkdw erwk ri wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @� xq0

ghu wkh dowhuqdwlyh uhjxodwlrq vfkhph duh lghqwlfdo wr wkh fruuhvsrqglqj

htxloleulxp frqglwlrqv zkhq erwk w|shv duh uhjxodwhg1

e, Qrwh wkdw vwudwhj| @2 lv d frqvlvwhqw vwudwhj| iru w|sh E1 Wkhuhiruh/

wkhuh duh qr uhvwulfwlrqv rq vhfxulw| wudglqj zkhq w|sh E frxqwulhv

ehkdyh dffruglqj wr vwudwhj| @2/ l1h1

?-�Ewc @
2� ' ?�Ew� iru doo w� +E14<,

Iluvw/ frqvlghu frxqwu| � zlwk w� ' w�� Dvvxplqj wkdw wkh rwkhu frxq0

wulhv iroorz vwudwhj| @2c frxqwu| � fdq wudgh zlwk doo w|sh E frxq0

wulhv/ qr pdwwhu zkhwkhu lw vwlfnv wr vwudwhj| @2 ru ghyldwhv1 Rqo|/

iru ?3�� Ew3�� ' ? � � wkhuh lv qrerg| wr wudgh zlwk1 Wkhuhiruh w|sh D

zloo qrw ghyldwh iurp vwudwhj| sur�oh @2/ li dqg rqo| li

[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3�� n �c ?�Ew�(uc �@3�Ew3���

�
[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3�� n �c ?�Ew�(Mc �@3�Ew3���

ED��e�/ E�� w��
?3�[
&'f

R&K
@Kr
?3&3� n

?32[
&'f

R&}
-Ew�c & n �c ?� & � �(?� & � ��

�� Sn E�� w��
?3�[
&'f

R&K
@Kr
?3& n

?32[
&'f

R&}
-Ew�c & n �c ?� & � �(?� &�
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ED�e�/ E�� w��
?3�[
&'f

R&K?3& n
?32[
&'f

R&}
-Ew�c & n �c ?� & � �(?� &�

�
?32[
&'f

R&}
-Ew�c & n �c ?� & � �(?� & � ��

�S� +E153,

Qrwh wkdw e| gh�qlwlrq

}-Ew�c ?�c ?
-
�( �@� ' }Ew�c ?�( �@� iru doo w� dqg doo �@ +E154,

iru doo wxsohv E?�c ?-�� zlwk ?-� ' ? � ?� ' ?�c l1h1 zkhqhyhu qrqh ri

wkh w|sh E frxqwulhv lv h{foxghg iurp wudglqj1 Lq sduwlfxodu/ e| +E14<,

wklv lv wkh fdvh lq lqhtxdolw| +E153, dqg zh fdq zulwh

}-Ew�c & n �c ?� & � �(?� &� ' }Ew�c & n �(?� &�

dqg }-Ew�c & n �c ?� & � �(?� & � �� ' }Ew�c & n �(?� & � ��

iru doo & ' fc ���c ? � 2� Wkhq/ e| wkh gh�qlwlrq ri }�SJ?ER� lq Vhfwlrq

81615/

E��2f� / E�� w��
?3�[
&'f

R&K?3& n }�SJ?ER� � S� +E155,

Qrz frqvlghu frxqwu| � zlwk w� ' w�� Qrwh wkdw wkh vlwxdwlrq lv h{dfwo|

wkh vdph dv iru w|sh E lq sduw e, ri wkh surri ri Sursrvlwlrq 9 deryh1

Wkhuh/ vwudwhj| @2 zdv frqvlvwhqw iru w|sh D frxqwulhv vr wkdw wkh| zhuh

qrw uhvwulfwhg lq wkhlu vhfxulw| wudghv1 Khuh/ w|sh D frxqwulhv duh qrw

uhvwulfwhg e| gh�qlwlrq ri wkh uhjxodwlrq vfkhph1 Wkh uhvxow iru wkh

w|sh E frxqwu| xqghu frqvlghudwlrq lv h{dfwo| wkh vdph/ |lhoglqj

E�� w��
?3�[
&'f

R&K?3& n
?3�[
&'�

R&}
-Ew�c &c ?� &(?� &� � S

dv htxloleulxp frqglwlrq iru w|sh E1

f, Zh qrz wxuq wr vwudwhj| sur�oh @� zklfk lv d frqvlvwhqw vwudwhj| iru

w|sh E vr wkdw ?-�Ewc @
�� ' ?�Ew� iru doo w|sh sur�ohv w� Dvvxplqj
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wkdw doo frxqwulhv dsduw iurp wkh frxqwu| xqghu frqvlghudwlrq vwlfn wr

vwudwhj| sur�oh @�c �@3�Ew3�� ' ? � � djdlq krogv iru doo w3�� Frxqwu| �

zloo qrw ghyldwh dv w|sh D/ li dqg rqo| li[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3�� n �c ?�Ew�(Mc ?� ��

�
[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3�� n �c ?�Ew�(uc ?� ��

ED��e�/ E�� w��K@Kr? � Sn
?32[
&'f

R&}
-Ew�c & n �c ?� �� &(?�

� E�� w��K@Kr?3� n
?32[
&'f

R&}
-Ew�c & n �c ?� �� &(?� ��

ED�e�/ E�� w��K? n
?32[
&'f

R&}
-Ew�c & n �c ?� �� &(?�

�
?32[
&'f

R&}
-Ew�c & n �c ?� �� &(?� �� � S

E��2��/ E�� w��K? n }��J�?|ER� � S� +E156,

Qrz frqvlghu frxqwu| � zlwk w� ' w�� Ghyldwlqj wr d vwudwhj| 7@� zlwk

7@�� Ew
�� ' u fruuhvsrqgv wr lqfrqvlvwhqw ehkdylrxu E� 5 LEwc 7@�� lq

+8167,,1 W|sh E zloo qrw ghyldwh iurp vwudwhj| @�c li dqg rqo| li[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3��c ?
3�
� Ew3�� n �(Mc ?� ��

�
[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3��c ?
3�
� Ew�(uc ?� ��

ED��e�/ E�� w��K@Kr? � Sn
?3�[
&'f

R&}
-Ew�c &c ?� &(?�

� E�� w��K@Kr?3�

ED�e�/ E�� w��K? n
?3�[
&'�

R&}
-Ew�c &c ?� &(?�

� S� +E157,
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g, Ilqdoo|/ frqvlghu vwudwhj| sur�oh @e zklfk lv dq lqfrqvlvwhqw vwudwhj| iru

w|sh E/ l1h1 ?-�Ewc @
e� ' f iru doo w|sh sur�ohv w� Iluvw frqvlghu frxqwu|

� ri w|sh D1 Lw lv qrw uhvwulfwhg lq lwv wudglqj/ qr pdwwhu zkhwkhu lw

vwlfnv wr vwudwhj| @e ru zkhwkhu lw ghyldwhv1 Krzhyhu/ vlqfh doo w|sh

E frxqwulhv duh uhvwulfwhg lq wkhlu wudglqj qr wudgh zloo wdnh sodfh/ qr

pdwwhu zkhwkhu frxqwu| � vwlfnv wr vwudwhj| @e ru zkhwkhu lw ghyldwhv1

Wkhuhiruh/ wkh htxloleulxp frqglwlrq lv lghqwlfdo wr wkh fruuhvsrqglqj

lqhtxdolw| lq wkh devhqfh ri vhfxulw| pdunhwv/ +E143, lq sduw f, ri wkh

surri ri Sursrvlwlrq 6 deryh/

E�� w��
?3�[
&'f

R&K&n� � S� +E158,

Qrz frqvlghu frxqwu| � zlwk w� ' w�� Li frxqwu| � vwlfnv wr vwudwhj| @ec

lwv wudglqj dfwlylwlhv duh uhvwulfwhg E� 5 LEwc @e� lq +8167,,1 Li frxqwu|

� ghyldwhv wr d vwudwhj| 7@e� zlwk 7@e� Ew
�� ' M lw fdq rqo| wudgh xquh0

vwulfwhgo|1 W|sh E zloo ghyldwh iurp vwudwhj| sur�oh @ec li dqg rqo|

li [
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3��c f(uc �@3��

�
[
w3�

� Ew3��L
-
� Ew

�c ?3�� Ew3��c �(Mc �@3��

ED��e�/ E�� w��
?3�[
&'f

R&K
@Kr
&

�� Sn E�� w��
?3�[
&'f

R&K
@Kr
&n� n

?3�[
&'�

R&}
-Ew�c &c �( & n ��

ED�e�/ E�� w��
?3�[
&'f

R&K&n� n
?3�[
&'�

R&}
-Ew�c &c �( & n ��� ~} �

'Go��?S

�S� +E159,

Uhfdoo wkdw o��?S � f e| gh�qlwlrq1 Wkhuhiruh w� : w� lpsolhv

E�� w��
?3�[
&'f

R&K&n� 	 E�� w��
?3�[
&'f

R&K&n� � E�� w��
?3�[
&'f

R&K&n� n o��?Sc
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frqwudglfwlqj +E158, dqg +E159,1 Wkxv/ vwudwhj| sur�oh @e fdqqrw eh

dq htxloleulxp/ frpsohwlqj wkh surri ri Sursrvlwlrq :1
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Dsshqgl{ F

Ghwdlohg Uhvxowv dqg Surriv iru
Fkdswhu 9

Surri ri Fruroodu| 5=

4, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @� iru w|sh

D/ +919,/ lv htxlydohqw wr

R7}��?� � E�� w��K� � Sn 7}��?�� +F14,

Li 7}��?� lv vpdoo/ l1h1 7}
�
�?� � S � E� � w��K�c wkhq wkh uljkw kdqg vlgh ri

+F14, lv qrw odujhu wkdq }hur14 Lq wkh fdvh ri f � 7}��?� � S� E�� w��K�c

+F14, lv fohduo| vdwlv�hg iru doo ydoxhv ri R� Iru 7}��?� 	 f 	 S�E��w��K�c

+F14, lv htxlydohqw wr

R � �

7}��?�

�
E�� w��K� � Sn 7}��?�

�
c +F15,

exw lqhtxdolw| +F15, lv qrw elqglqj/ vlqfh wkh uljkw kdqg vlgh ri +F15,

fdq eh vkrzq wr eh odujhu wkdq � gxh wr dvvxpswlrq +818,1 Wkhuhiruh/

li 7}��?� � S � E� � w��K�/ wkh htxloleulxp frqglwlrq iru w|sh D/ +919,/

krogv iru doo sulruv R�

Li 7}��?� lv odujh/ l1h1 7}
�
�?� : S � E� � w��K�c wkhq wkh uljkw kdqg vlgh ri

+F14, lv odujhu wkdq }hur1 Lq sduwlfxodu/ 7}��?� : f krogv dqg +F14, lv

4Uhfdoo wkdw f� +4� �D,e4 A 3 e| dvvxpswlrq +818,1

546
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htxlydohqw wr

R � �

7}��?�

�
E�� w��K� � Sn 7}��?�

�
' R�-

��

zlwk f 	 R�-
�� 	 � xqghu wkh uhohydqw dvvxpswlrqv15

Vxppdul}lqj/ lqhtxdolw| +919, krogv+
iru doo sulruv R 5 dfc �oc li 7}��?� � S� E�� w��K� dqg

iru doo sulruv R 5 dR�-
�� c �oc li 7}��?� : S� E�� w��K��

+F16,

5, Wkh htxloleulxp frqglwlrq iru w|sh E/ +91:,/ lv htxlydohqw wr

R7}��?� � S� E�� w��K�� +F17,

Qrwh wkdw wkh uljkw kdqg vlgh ri lqhtxdolw| +F17, lv odujhu wkdq }hur e|

dvvxpswlrq +818,1 Li 7}��?� � f krogv/ wkhq lqhtxdolw| +F17, lv vdwlv�hg

iru doo sulruv R�

Li 7}��?� : fc wkhq lqhtxdolw| +F17, lv htxlydohqw wr

R � �

7}��?�

�
S� E�� w��K�

�
' R�-

�� � +F18,

Qrwh wkdw wkhq R�-
�� : f e| dvvxpswlrq +818,1 Vlqfh

R�-
�� 	 � / S� E�� w��K� 	 7}��?�c

lqhtxdolw| +F18, lv rqo| elqglqj/ li 7}��?� : S� E�� w��K�c hovh lqhtxdolw|

+F17, krogv iru doo ydoxhv ri R�

Vxppdul}lqj/ lqhtxdolw| +91:, krogv+
iru doo sulruv R 5 dfc �oc li 7}��?� � S� E�� w��K� dqg

iru doo sulruv R 5 dfc R�-
�� oc li 7}��?� : S� E�� w��K��

+F19,

Lq rughu iru vwudwhj| sur�oh @� wr eh dq htxloleulxp erwk +919, dqg +91:,

kdyh wr krog1 Wkhuhiruh wkh htxloleulxp uhjlrq iru vwudwhj| sur�oh @� lv wkh

5Vlqfh �jDxql A 3 dqg +4 � �D,e4 � f . �jDxql A 3> lw lv reylrxv wkdw sQU4D A 3 krogv1
Pruhryhu/ sQU

4D ? 4 lv htxlydohqw wr +4� �D,e4 ? f zklfk krogv e| dvvxpswlrq +818,1
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lqwhuvhfwlrq ri wkh vhwv ri sulruv vdwlvi|lqj wkh htxloleulxp frqglwlrq iru w|sh

D dqg w|sh E/ uhvshfwlyho|1 Ghshqglqj rq zklfk ri wkh wzr srvvleoh fdvhv

krogv lq +F16, dqg +F19,/ uhvshfwlyho|/ wkh irxu gl�huhqw htxloleulxp uhjlrqv

olvwhg lq Fruroodu| 5 pd| dulvh/ t1h1g1

Fruroodu| 9

Htxloleulxp uhjlrqv iru @2 zlwk xquhjxodwhg vhfxulwlhv

7}��?� � S� E�� w��K� 7}��?� 	 S� E�� w��K�

7}��J�? � S� E�� w��K2 d, dfc �o e, dfc R�-
2� o

7}��J�? : S� E�� w��K2 f, dR�-
2� c �o g, dR�-

2� c R�-
2� o

zkhuh wkh sdudphwhuv duh gh�qhg dv

R�-
2� G'

E�� w��K2 � Sn 7}��J�?

E�� w��EK2 � K�� n 7}��J�?
+F1:,

dqg R�-
2� G'

E�� w��K2 � S

E�� w��EK2 � K��� 7}��?�
� +F1;,

Surri=

4, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @2 iru w|sh

D/ +91;,/ lv htxlydohqw wr

R
�
E�� w��EK� � K2�� 7}��J�?

� � S� E�� w��K2 � 7}��J�?� +F1<,

Li wkh ohiw kdqg vlgh ri lqhtxdolw| +F1<, lv odujhu wkdq }hur/ l1h1 7}��J�? 	

E�� w��EK� � K2�c lqhtxdolw| +F1<, lv htxlydohqw wr

R � S� E�� w��K2 � 7}��J�?

E�� w��EK� � K2�� 7}��J�?
' R�-

2� � +F143,

Qrwh wkdw

E�� w��EK� � K2� ' E�� w��K� � E�� w��K2
ED�D�
	 S� E�� w��K2�

+F144,

Wkhuhiruh 7}��J�? 	 E�� w��EK�� K2� lpsolhv 7}��J�? 	 S� E�� w��K2 vr wkdw

erwk wkh qxphudwru dqg wkh ghqrplqdwru ri R�-
2� duh odujhu wkdq }hur/
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lpso|lqj R�-
2� : f1 Krzhyhu/ S : E��w��K�/ zklfk krogv e| dvvxpswlrq

+818,/ lpsolhv R�-
2� : �c vr wkdw lqhtxdolw| +F143, lv qrw elqglqj1 Wkxv/

wkh htxloleulxp frqglwlrq +91;, krogv iru doo sulruv R1

Li 7}��J�? ' E� � w��EK� � K2�
E�����
	 S � E� � w��K2c wkh ohiw kdqg vlgh ri

lqhtxdolw| +F1<, lv }hur/ wkh uljkw kdqg vlgh odujhu wkdq }hur vr wkdw

+F1<, dovr krogv iru doo sulruv1

Li wkh ohiw kdqg vlgh ri +F1<, lv vpdoohu wkdq }hur/ l1h1 7}��J�? : E� �
w��EK� � K2�c lqhtxdolw| +F1<, lv htxlydohqw wr R � R�-

2� � Krzhyhu/ wkh

lqhtxdolw| R � R�-
2� lv rqo| elqglqj/ l1h1 R�-

2� : fc li S�E��w��K2 	 7}��J�?
krogv1 Rwkhuzlvh R�-

2� lv vpdoohu wkdq ru htxdo wr }hur vr wkdw R � R�-
2�

lv qrw elqglqj dqg +F1<, lv vdwlv�hg iru doo sulruv R�

Qrwh wkdw E� � w��EK� � K2� 	 f e| dvvxpswlrqv +818, dqg +916, dqg

f 	 S � E� � w��K2 e| dvvxpswlrq +819,/ lpso|lqj E� � w��EK� � K2� 	

S�E��w��K21 Wkhuhiruh/ zh fdq vxppdul}h dv iroorzv1 Wkh htxloleulxp
frqglwlrq +91;, iru w|sh D krogv+

iru doo R 5 dfc �oc li 7}��J�? � S� E�� w��K2

iru doo R 5 dR�-
2� c �oc li 7}��J�? : S� E�� w��K2

� +F145,

5, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @2 iru w|sh

E/ +91<,/ lv htxlydohqw wr

R
�
E�� w��EK� � K2� n 7}��?�

� � S� E�� w��K2� +F146,

E| dvvxpswlrq +916, wkh uljkw kdqg vlgh ri lqhtxdolw| +F146, lv vpdoohu

wkdq }hur1 Wkhuhiruh/ li wkh ohiw kdqg vlgh ri lqhtxdolw| +F146, lv odujhu

wkdq ru htxdo wr }hur/ l1h1 7}��?� � E�� w��EK2 � K��c lqhtxdolw| +F146, lv

vdwlv�hg iru doo ydoxhv ri wkh sulru R�

Li wkh ohiw kdqg vlgh lv vpdoohu wkdq }hur dv zhoo/ l1h1 7}��?� 	 E��w��EK2�
K��c lqhtxdolw| +F146, lv htxlydohqw wr

R � S� E�� w��K2

E�� w��EK� � K2� n 7}��?�
' R�-

2�
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zlwk R�-
2� : f� Wkh lqhtxdolw| R � R�-

2� lv elqglqj/ li

R�-
2� 	 � / S� E�� w��K2 : E�� w��EK� � K2� n 7}��?�

/ 7}��?� 	 S� E�� w��K��

Vlqfh dvvxpswlrq +916, lpsolhv

S� E�� w��K� 	 E�� w��EK2 � K��c

zh fdq vxppdul}h dv iroorzv= wkh htxloleulxp frqglwlrq +91<, iru w|sh

E krogv+
iru doo R 5 dfc �oc li 7}��?� � S� E�� w��K�

iru doo R 5 dfc R�-
2� oc li 7}��?� 	 S� E�� w��K�

� +F147,

Lq dqdorj| wr wkh surri ri Fruroodu| 5 wkh htxloleulxp frqglwlrqv iru erwk

w|shv/ +91;, dqg +91<,/ kdyh wr krog lq rughu iru vwudwhj| sur�oh @2 wr eh dq

htxloleulxp1 Frpelqlqj wkh frqglwlrqv jlyhq lq +F145, dqg +F147, |lhogv wkh

htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2 dv wkh lqwhuvhfwlrq ri wkh vhwv ri

sulruv vdwlvi|lqj hdfk ri wkh htxloleulxp frqglwlrqv/ t1h1g1

Surri ri Fruroodu| 6=
Uhfdoo wkdw

R2� '
E�� w��K2 � S

E�� w��EK2 � K��
c dv gh�qhg lq Fruroodu| 4

dqg R�-
2� '

E�� w��K2 � S

E�� w��EK2 � K��� 7}��?�
c dv gh�qhg lq Fruroodu| 91

Wkh qxphudwruv ri R2� dqg R�-
2� duh lghqwlfdo1 Wkhuhiruh zh jhw

7}��?� 	 f / E�� w��EK2 � K�� 	 E�� w��EK2 � K���7}��?�� ~} �
:f

/ R2� : R�-
2�

dqg/ iru wkh uhohydqw fdvh6 ri 7}��?� 	 S� E�� w��K�c

f 	 7}��?� / E�� w��EK2 � K�� : E�� w��EK2 � K���7}��?�� ~} �
	f

/ R2� 	 R�-
2� c

6Qrwh wkdw sQU5E rqo| dsshduv iru �jExql ? f� +4� �E,e4= Fi1 Fruroodu| 9 deryh1
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t1h1g1

Fruroodu| :

Htxloleulxp uhjlrqv iru @� zlwk xquhjxodwhg vhfxulwlhv

7}��J�? � S� E�� w��K2 7}��J�? 	 S� E�� w��K2

7}��J�? : S� E�� w��K2 d, dfc R�-
�� o e, dfc4�?iR�-

�� c R�-
�� jo

7}��J�? � S� E�� w��K2 f, > g, >

zkhuh wkh sdudphwhuv duh gh�qhg dv

R�-
�� G'

E�� w��K2 � Sn 7}��J�?
7}��J�?

+F148,

dqg R�-
�� G'

S� E�� w��K2
7}��J�?

� +F149,

Surri=

4, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @� iru w|sh

D/ +9143,/ lv htxlydohqw wr

R7}��J�? � E�� w��K2 � Sn 7}��J�?� +F14:,

Iru 7}��J�? : f lqhtxdolw| +F14:, lv htxlydohqw wr

R � E�� w��K2 � S n 7}��J�?
7}��J�?

' R�-
�� �

Qrwh wkdw R�-
�� 	 � vlqfh E� � w��K2 	 S krogv e| dvvxpswlrq +819,1

Ixuwkhupruh

R�-
�� : f / E�� w��K2 � Sn 7}��J�? : f

/ 7}��J�? : S� E�� w��K2�

Iru 7}��J�? ' f wkhuh lv qr sulru vdwlvi|lqj +F14:,1 Iru 7}��J�? 	 f lqhtxdolw|

+F14:, lv htxlydohqw wr R � R�-
�� � Wkhq/ krzhyhu/ R�-

�� : � krogv gxh
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wr E� � w��K2 	 S vr wkdw wkhuh h{lvwv qr sulru vdwlvi|lqj R � R�-
�� ru

htxlydohqwo| +F14:,1

Vxppdul}lqj/ vlqfh S� E��w��K2 : fc wkh htxloleulxp frqglwlrq +9143,

iru w|sh D krogv+
iru doo R 5 dfc R�-

�� oc li 7}��J�? : S� E�� w��K2

iru qr Rc li 7}��J�? � S� E�� w��K2
� +F14;,

5, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @� iru w|sh

E/ +9144,/ lv htxlydohqw wr

R7}��J�? � S� E�� w��K2� +F14<,

Li 7}��J�? � fc wkhq lqhtxdolw| +F14<, krogv iru doo sulruv R vlqfh wkh uljkw

kdqg vlgh lv vpdoohu wkdq }hur e| +916,1 Li 7}��J�? 	 fc wkhq lqhtxdolw|

+F14<, lv htxlydohqw wr

R � S� E�� w��K2
7}��J�?

' R�-
��

zlwk R�-
�� : f� Wkh lqhtxdolw| R � R�-

�� lv elqglqj iru 7}��J�? 	 S � E� �
w��K2 vlqfh

R�-
�� 	 � / 7}��J�? 	 S� E�� w��K2�

Vxppdul}lqj/ wkh htxloleulxp frqglwlrq +9144, iru w|sh E krogv+
iru doo R 5 dfc �oc li 7}��J�? � S� E�� w��K2

iru doo R 5 dfc R�-
�� oc li 7}��J�? 	 S� E�� w��K2

� +F153,

Wkh htxloleulxp uhjlrqv lq Fruroodu| : fdq djdlq eh ghulyhg dv wkh lqwhu0

vhfwlrqv ri wkh gl�huhqw vhwv ri sulruv vdwlvi|lqj wkh uhvshfwlyh htxloleulxp

frqglwlrqv lq +F14;, dqg +F153,/ t1h1g1
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Fruroodu| ;

Htxloleulxp uhjlrqv iru @e zlwk xquhjxodwhg vhfxulwlhv

7}��J�? � S� E�� w��K2 7}��J�? : S� E�� w��K2

7}��?� � S� E�� w��K� d, dfc R�-
e� o e, dfc4�?iR�-

e� c R�-
e� jo

7}��?� 	 S� E�� w��K� f, > g, >

zkhuh wkh sdudphwhuv duh gh�qhg dv

R�-
e� G'

S� E�� w��K� � 7}��?�
E�� w��EK2 � K��� 7}��?�

+F154,

dqg R�-
e� G'

S� E�� w��K�

E�� w��EK2 � K�� n 7}��J�?
� +F155,

Surri=

4, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @e iru w|sh

D/ +9145,/ lv htxlydohqw wr

R
�
E�� w��EK2 � K��� 7}��?�

� � S� E�� w��K� � 7}��?�� +F156,

Iru 7}��?� 	 E��w��EK2�K�� wkh h{suhvvlrq lq vtxduh eudfnhwv rq wkh ohiw

kdqg vlgh ri lqhtxdolw| +F156, lv odujhu wkdq }hur dqg lqhtxdolw| +F156,

lv htxlydohqw wr

R � S� E�� w��K� � 7}��?�
E�� w��EK2 � K��� 7}��?�

' R�-
e� �

Krzhyhu/ lq wklv fdvh R�-
e� lv qrw zhoo0gh�qhg/ vlqfh

R�-
e� : �/ E�� w��K2 	 S

zklfk krogv e| dvvxpswlrq +819,1 Wkhuhiruh/ wkhuh h{lvwv qr sulru R

vdwlvi|lqj +F156,1

Iru 7}��?� ' E�� w��EK2 � K�� wkh ohiw kdqg vlgh ri +F156 lv }hur/ exw wkh

uljkw kdqg vlgh odujhu wkdq }hur vlqfh E�� w��EK2� K�� 	 S� E�� w��K�

e| dvvxpswlrq +818,1 Wkhq/ wkhuh lv djdlq qr sulru R vdwlvi|lqj +F156,1
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Iru 7}��?� : E�� w��EK2� K��c lqhtxdolw| +F156, lv htxlydohqw wr R � R�-
e�

dqg/ pruhryhu/ R�-
e� 	 � krogv vlqfh htxlydohqw wr E�� w��K2 	 S zklfk

lv dvvxpswlrq +819,1 Iru 7}��?� � S � E� � w��K� : E�� w��EK2 � K��c zh

dovr jhw R�-
e� � f�

Vxppdul}lqj/ wkh htxloleulxp frqglwlrq +9145, iru w|sh D krogv+
iru doo R 5 dfc R�-

e� oc li 7}��?� � S� E�� w��K�

iru qr Rc li 7}��?� 	 S� E�� w��K�
� +F157,

5, Wkh htxloleulxp frqglwlrq zlwk uhvshfw wr vwudwhj| sur�oh @e iru w|sh

E/ +9146,/ lv htxlydohqw wr

R
�
E�� w��EK2 � K�� n 7}��J�?

� � S� E�� w��K�� +F158,

Li wkh eudfnhw rq wkh ohiw kdqg vlgh ri lqhtxdolw| +F158, lv qrw odujhu

wkdq }hur/ l1h1 li 7}��J�? � E��w��EK��K2�c wkhq lqhtxdolw| +F158, krogv iru
doo sulruv R vlqfh wkh uljkw kdqg vlgh lv odujhu wkdq }hur e| dvvxpswlrq

+818,1

Li 7}��J�? : E�� w��EK� � K2�c wkhq lqhtxdolw| +F158, lv htxlydohqw wr

R � S� E�� w��K�

E�� w��EK2 � K�� n 7}��J�?
' R�-

e� �

Vlqfh

R�-
e� 	 � / 7}��J�? : S� E�� w��K2

dqg

E�� w��EK� � K2� 	 S� E�� w��K2c

lqhtxdolw| +F158, lv qrw elqglqj iru E� � w��EK� � K2� 	 7}��J�? � S �
E�� w��K21 Wkhq +F158, krogv iru doo sulruv R� Li 7}��J�? : S� E�� w��K2/

lqhtxdolw| +F158, krogv iru doo R � R�-
e� �

Vxppdul}lqj/ wkh htxloleulxp frqglwlrq +9146, iru w|sh D krogv+
iru doo R 5 dfc �oc li 7}��J�?| � S� E�� w��K2

iru doo R 5 dfc R�-
e� oc li 7}��J�?| : S� E�� w��K2

� +F159,
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Frpelqlqj wkh vhwv ri sulruv lq +F157, dqg +F159, |lhogv wkh htxloleulxp

uhjlrqv lq Fruroodu| ;/ t1h1g1

Fruroodu| <

Htxloleulxp uhjlrqv iru @� dqg @2 zlwk uhjxodwhg vhfxulwlhv

Vwudwhj| sur�oh @� Vwudwhj| sur�oh @2

}�� 	 S� E�� w��K� dfc �o dfc R-2�o

}�� ' S� E�� w��K� dfc �o dfc �o

}�� : S� E�� w��K� dfc R-��o dfc �o

zkhuh wkh sdudphwhuv duh gh�qhg

R-�� G'
�

}��

�
S� E�� w��K�

�
+F15:,

dqg R-2� G'
S� E�� w��K2

E�� w��EK� � K2� n }��
� +F15;,

Surri=
Wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @� dqg @2 duh dqdo|vhg vhsd0

udwho|1 Iluvw frqvlghu wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @�� Wkh

htxloleulxp frqglwlrq iru w|sh D/ +9149,/ lv vdwlv�hg iru doo sulruv R e| dv0

vxpswlrq +818,1 Wkh htxloleulxp frqglwlrq iru w|sh E/ +914:,/ lv htxlydohqw

wr7

R � �

}��

�
S� E�� w��K�

�
' R-���

Wkh lqhtxdolw| lv elqglqj/ l1h1 R-�� 	 �c iru }�� : S � E� � w��K�1 Li }�� �
S� E�� w��K� wkh frqvwudlqw R � R-�� lv qrw elqglqj dqg +914:, krogv iru doo

sulruv R1 Vlqfh wkh htxloleulxp frqglwlrq iru w|sh D lv vdwlv�hg iru doo sulruv/

vwudwhj| sur�oh @� lv dq htxloleulxp iru+
doo R 5 dfc �o/ li }�� � S� E�� w��K�

doo R 5 dfc R-��oc li }
�
� : S� E�� w��K�

� +F15<,

Qrz frqvlghu wkh htxloleulxp frqglwlrqv iru vwudwhj| sur�oh @2�
7Qrwh wkdw wkh jdlqv iurp wudgh jE4 duh dozd|v odujhu wkdq }hur vlqfh wkh| duh rqo|

gh�qhg iru �4 9@ �5=
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4, Wkh htxloleulxp frqglwlrq iru w|sh D/ +914;,/ lv htxlydohqw wr

R
�
E�� w��EK� � K2� n }��

� � S� E�� w��K2 n }�� � +F163,

Li }�� � E��w��EK2� K��c wkh eudfnhw rq wkh ohiw kdqg vlgh ri lqhtxdolw|

+F163, lv qrw odujhu wkdq }hur1 Krzhyhu/ wkh uljkw kdqg vlgh lv odujhu

wkdq }hur e| dvvxpswlrq +819, dqg }�� � f vr wkdw lqhtxdolw| +F163,

krogv iru doo ydoxhv ri R�

Li }�� : E�� w��EK2� K��c wkh eudfnhw rq wkh ohiw kdqg vlgh ri lqhtxdolw|

+F163, lv odujhu wkdq }hur vr wkdw +F163, lv htxlydohqw wr

R � S� E�� w��K2 n }��
E�� w��EK� � K2� n }��

'G R-2�� +F164,

Krzhyhu/

R-2� 	 � / S 	 E�� w��K�

zklfk lv h{foxghg e| dvvxpswlrq +818,1 Wkhuhiruh/ lqhtxdolw| +F164, lv

qrw elqglqj dqg wkh htxloleulxp frqglwlrq +914;, krogv iru doo sulruv R�

5, Wkh htxloleulxp frqglwlrq iru w|sh E/ +914<,/ lv htxlydohqw wr

R
�
E�� w��EK� � K2� n }��

� � S� E�� w��K2� +F165,

Iru }�� � E��w��EK2�K�� wkh eudfnhw rq wkh ohiw kdqg vlgh ri lqhtxdolw|
+F165, lv odujhu wkdq ru htxdo wr }hur/ zkhuhdv wkh uljkw kdqg vlgh lv

vwulfwo| vpdoohu wkdq }hur e| dvvxpswlrq +916,1 Wkxv/ lqhtxdolw| +F165,

krogv iru doo sulruv R�

Iru }�� 	 E�� w��EK2 � K�� lqhtxdolw| +F165, lv htxlydohqw wr

R � S� E�� w��K2

E�� w��EK� � K2� n }��
' R-2��

Qrwh wkdw

R-2� 	 � / }�� 	 S� E�� w��K�
ES���
	 E�� w��EK2 � K��c

lpso|lqj wkdw R � R-2� lv qrw elqglqj iru }�� � S� E�� w��K��
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Vxppdul}lqj/ wkh htxloleulxp frqglwlrq +914<, krogv iru+
doo R 5 dfc �o/ li }�� � S� E�� w��K�

doo R 5 dfc R-2�oc li }
�
� 	 S� E�� w��K�

� +F166,

Vlqfh wkh htxloleulxp frqglwlrq +914<, iru w|sh D krogv iru doo sulruv/ +F166,

dovr vxppdul}hv wkh htxloleulxp uhjlrqv iru vwudwhj| sur�oh @2� Frpsdulvrq

ri +F15<, dqg +F166, |lhogv Fruroodu| </ t1h1g1

Surri ri Fruroodu| 7=
Uhfdoo wkdw dv gh�qhg lq Fruroodu| 4

R2� '
E�� w��K2 � S

E�� w��EK2 � K��
c

dqg dv gh�qhg lq Fruroodu| <

R-2� '
S� E�� w��K2

E�� w��EK� � K2� n }��
c

'
E�� w��K2 � S

E�� w��EK2 � K��� }��
� +F167,

E| dvvxpswlrq

}�� 	 S� E�� w��K�
ES���
	 E�� w��EK2 � K��c

lpso|lqj E�� w��EK2� K��� }�� : f vr wkdw wkh ghqrplqdwru ri R-2� lq +F167,

lv odujhu wkdq }hur1 Wkhq

R-2� : R2�

/ E�� w��K2 � S

E�� w��EK2 � K��� }��
:

E�� w��K2 � S

E�� w��EK2 � K��

/ �

E�� w��EK2 � K��� }��
:

�

E�� w��EK2 � K��

/ E�� w��EK2 � K�� : E�� w��EK2 � K��� }��

/ }�� : f

zklfk dozd|v krogv/ jlyhq wkdw wudgh dfwxdoo| wdnhv sodfh/ t1h1g1
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Surri ri Sursrvlwlrq ;=
Wkh vhfxulw| ghpdqg ixqfwlrqv fdq eh ghulyhg iurp +8144,1 Vlqfh ? ' 2 dqg

w� 9' w2 djjuhjdwh ghpdqg iru d vhfxulw| lv wkh vxp ri w|sh D dqg w|sh E

ghpdqg1 Vhwwlqj djjuhjdwh ghpdqg iru rqh ri wkh vhfxulwlhv htxdo wr }hur

|lhogv wkh htxloleulxp vhfxulw| sulfh8

^WE�@� '
Ew� n w��/qE�@�

E2� w� � w��7/k n Ew� n w��/qE�@�
�

Lqvhuwlqj ^WE�@� lqwr wkh vhfxulw| ghpdqg ixqfwlrqv |lhogv wkh htxloleulxp

vhfxulw| ghpdqgv

rkWEw�c �@� '
Ew� � w��7/k

w� n w�
' �rkWEw�c �@�

dqg rqWEw�c �@� '
Ew� � w��/qE�@�

2� w� � w�
� rqWEw�c �@�� +F168,

Iru wkh jdlqv iurp wudgh iru w|sh f zlwk xquhjxodwhg vhfxulwlhv zh wkhq jhw

iru f ' �c�

}f�@ ' wf *?
�
7/k n rkWEwfc �@�

�
n E�� wf� *?

�
/qE�@� n rqWEwf c �@

�
�

� �wf *?E7/k� n E�� wf� *?E/qE�@��
�

' wf *?

�
7/k n rkWEwf c �@�

7/k

�
n E�� wf� *?

�
/qE�@� n rqWEwfc �@�

/qE�@�

�
E���D�
' wf *?

�
2wf

w� n w�

�
n E�� wf� *?

�
2� 2wf�

2� w� � w�

�
�

Vlqfh }f�@ grhv qrw ghshqg rq djjuhjdwh dedwhphqw �@c sduw d, ri Sursrvlwlrq ;

iroorzv lpphgldwho|1 Sduw e, wkhq iroorzv e| wkh gh�qlwlrq ri wkh dgglwlrqdo

dedwhphqw lqfhqwlyhv 7}f�?� dqg 7}f�J�?c t1h1g1

8Uhfdoo wkdw xqghu wkh dvvxpswlrqv ri Sursrvlwlrq ; zh dozd|v kdyh qD+�, @ qE+�, @ 4

dqg qD+�, lv rplwwhg dv dujxphqw lq wkh frpsrqhqwv ri vhfxulw| pdunhw htxloleulxp1
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Dsshqgl{ G

Surriv iru Fkdswhu :

Surri ri Sursrvlwlrq <=
Qrwh wkdw e| +:17, zh fdq zulwh

�� wf�@ ' �� wf�@3� �{f
�@ � +G14,

d, Dvvxplqj wkdw wkh uhpdlqlqj ?� � frxqwulhv iroorz vwudwhj| sur�oh @�c

�@3�Ew3�� ' f krogv iru doo w3�� E| wkh gh�qlwlrq ri wkh xwlolw| ixqfwlrqv

lq +:1;, d w|sh D frxqwu| zloo qrw ghyldwh iurp vwudwhj| sur�oh @�c li

dqg rqo| li

7�Ew�c f� n E�� w�f �K
@Kr
f � �Sn 7�Ew�c �� n E�� w�� �K

@Kr
�

/ E�� w�� �K
@Kr
� � E�� w�f �K

@Kr
f n 7�Ew�c ��� 7�Ew�c f� � S

E(���cE.��f�/ dE�� w�f ��{�
� oK

@Kr
� � E�� w�f �K

@Kr
f n{�

� d�E7/
k�� �E7/q�o � S

ED�e�/ E�� w�f �K� n{�
� d�E7/

k�� �E7/q�� K@Kr� o � S

ED���/ E�� w�f �K� n{�
� d�E7/

k�� �E/qE���o � S�

E| wkh dqdorjxh dujxphqw/ w|sh E zloo qrw ghyldwh iurp vwudwhj| sur�oh

@�c li dqg rqo| li

7�Ew�c f� n E�� w�f �K
@Kr
f � � Sn 7�Ew�c �� n E�� w�� �K

@Kr
�

/ E�� w�f �K� n{�
� d�E7/

k�� �E7/qE���o � S�

e, Jlyhq wkdw wkh uhpdlqlqj ?�� frxqwulhv iroorz vwudwhj| sur�oh @2c wkh|

dedwh li dqg rqo| li wkh| duh w|sh E1 Uhfdoo/ iru h{dpsoh iurp wkh surri

55:
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ri Sursrvlwlrq 6 deryh/ wkdw wkhq �@3�Ew3�� ' ?� ��?3�� Ew3�� dqg wkdw

?3�� Ew3�� lv elqrpldoo| glvwulexwhg1 D w|sh D frxqwu| zloo qrw ghyldwh

iurp vwudwhj| sur�oh @2c li dqg rqo| li

?3�[
&'f

R&
�
7�Ew�c ?� �� &� n E�� w�?3�3&�K

@Kr
?3�3&

�

�� Sn
?3�[
&'f

R&
�
7�Ew�c ?� &� n E�� w�?3&�K

@Kr
?3&

�
E(���cE.��f�/

?3�[
&'f

R&
�
E�� w�?3�3&�K?3& n{�

?3&

�
�E7/k�� �E/qE?� &��

��
�S�

D w|sh E frxqwu| zloo qrw ghyldwh iurp vwudwhj| @2c li dqg rqo| li

� Sn
?3�[
&'f

R&
�
7�Ew�c ?� &� n E�� w�?3&�K

@Kr
?3&

�

�
?3�[
&'f

R&
�
7�Ew�c ?� �� &� n E�� w�?3�3&�K

@Kr
?3�3&

�

/
?3�[
&'f

R&
�
E�� w�?3�3&�K?3& n{�

?3&

�
�E7/k�� �E/qE?� &��

��
�S�

f, Dvvxplqj wkdw wkh uhpdlqlqj ? � � frxqwulhv vwlfn wr vwudwhj| @� zh

nqrz wkdw �@3�Ew3�� ' ? � � krogv iru doo w3�� D w|sh [ frxqwu| Ef '

�c�� zloo qrw ghyldwh iurp vwudwhj| sur�oh @�c li dqg rqo| li

E�� wf? �K
@Kr
? � Sn 7�Ewfc ?�

�E�� wf?3��K
@Kr
?3� n 7�Ewf c ?� ��

/ E�� wf?3��K? n{f
?

�
�E7/k�� �E7/qE?��

�
�S�

g, Dvvxplqj wkdw wkh uhpdlqlqj ?� � frxqwulhv iroorz vwudwhj| sur�oh @e

wkh| dedwh li dqg rqo| li wkh| duh w|sh D vr wkdw �@3�Ew3�� ' ?3�� Ew3���
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D w|sh D frxqwu| zloo qrw ghyldwh iurp vwudwhj| sur�oh @ec li dqg rqo|

li

� Sn
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&'f

R&
�
7�Ew�c & n �� n E�� w�&n��K

@Kr
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&n�d�E7/
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Vlploduo|/ d w|sh E frxqwu| zloo qrw ghyldwh/ li dqg rqo| li
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&'f
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�
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@Kr
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� � Sn
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&n�d�E7/
k�� �E/qE& n ���
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o � Sc

t1h1g1

Surri ri Sursrvlwlrq 43=

d, Wkh frxqwulhv* sd|r�v/ gh�qhg lq +:148,/ qrz dgglwlrqdoo| lqfoxgh wkh

jdlqv iurp wudgh lq folpdwh vhfxulwlhv li wudgh wdnhv sodfh1 Wkhuh lv

qr wudgh li doo frxqwulhv duh ri wkh vdph w|sh14 Dvvxplqj wkdw wkh

uhpdlqlqj ? � � frxqwulhv iroorz vwudwhj| sur�oh @�c d w|sh D frxqwu|

zloo qrw ghyldwh iurp vwudwhj| @�c li dqg rqo| li

7�Ew�c f� n E�� w�f �K
@Kr
f n

?32[
&'f

R&}Ew
�c & n �( f�

� � Sn 7�Ew�c �� n E�� w�� �K
@Kr
� n

?32[
&'f

R&}Ew
�c & n �( ��

4Iru wklv uhdvrq wkh vxp ehorz uxqv iurp n @ 3 wr n @ q � 5 lqvwhdg ri uxqqlqj wr
n @ q� 4=
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/ E�� w�f �K� �{�
� d�E7/
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n
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�
}Ew�c & n �( ��� }Ew�c & n �( f�

�
� ~} �

}��?�ER�

� S

E| d vlplodu dujxphqw/ w|sh E zloo qrw ghyldwh iurp vwudwhj| @�c li dqg

rqo| li

E�� w�f �K� n{�
� d�E7/

k�� �E/qE���o n }��?�ER� � S�

e, Lq dqdorj| wr sduw e, lq wkh surri ri Sursrvlwlrq < deryh d w|sh D

frxqwu| zloo qrw ghyldwh iurp vwudwhj| @2c li dqg rqo| li

?3�[
&'f

R&
�
7�Ew�c ?� �� &� n E�� w�?3�3&�K
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n }�SJ?ER� � S�

Vlploduo|/ d w|sh E frxqwu| zloo qrw ghyldwh iurp vwudwhj| @2/ li dqg

rqo| li
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&'f

R&
�
E�� w�?3�3&�K?3& �{�

?3&d�E7/
k�� �E/qE?� &��o

�
n }�SJ?ER� � S�

f, Dvvxplqj wkdw wkh uhpdlqlqj ?� � frxqwulhv iroorz vwudwhj| sur�oh @�

wkh| doo fkrrvh M dqg �@3�Ew3�� ' ? � � iru doo w3�� D w|sh D frxqwu|
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zloo qrw ghyldwh iurp vwudwhj| @�c li dqg rqo| li
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g, W|sh D zloo qrw ghyldwh iurp vwudwhj| sur�oh @ec li dqg rqo| li
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Vlploduo|/ d w|sh E frxqwu| zloo qrw ghyldwh/ li dqg rqo| li
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Surri ri Sursrvlwlrq 44=

d, Lq frqwudvw wr wkh surri ri Sursrvlwlrq 43 deryh frxqwulhv fdq qrz rqo|

dwwdlq jdlqv iurp wudgh li wkh| ehkdyh frqvlvwhqwo|1 Qrwh wkdw vwudwhj|

sur�oh @� lv lqfrqvlvwhqw iru w|sh E frxqwulhv/ wkhuhiruh wkh| fdqqrw

wudgh lq folpdwh vhfxulwlhv1

D w|sh D frxqwu| lv qrw uhvwulfwhg dv orqj dv lw vwlfnv wr @�c exw wkhuh lv

qrerg| rq wkh rssrvlwh vlgh ri wkh pdunhw vlqfh w|sh E frxqwulhv fdqqrw

wudgh1 Li d w|sh D frxqwu| ghyldwhv/ lw uhfhlyhv qr jdlqv iurp wudgh

vlqfh lw wkhq h{klelwv lqfrqvlvwhqw ehkdylrxu1 Wkhuhiruh wkh htxloleulxp

frqglwlrq iru w|sh D lv lghqwlfdo wr wkh htxloleulxp frqglwlrq lq wkh

devhqfh ri vhfxulw| pdunhwv +:144,1



566

Qrwh wkdw d w|sh E frxqwu| fdq wudgh lq folpdwh vhfxulwlhv li lw ghyldwhv

iurp vwudwhj| @�� W|sh E zloo qrw ghyldwh iurp vwudwhj| @�c li dqg rqo|
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frxqwu| ehqh�wv iurp jdlqv iurp wudgh rqo| zkhq vwlfnlqj wr| @2� D
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f, Dvvxplqj wkdw wkh uhpdlqlqj ?� � frxqwulhv iroorz vwudwhj| sur�oh @�

wkh| doo fkrrvh M dqg �@3�Ew3�� ' ?� � iru doo w3�� Qrwh wkdw vwudwhj|

sur�oh @� lv lqfrqvlvwhqw iru w|sh D frxqwulhv/ exw frqvlvwhqw iru w|sh

E frxqwulhv1 Frxqwu| � zlwk w� ' w� zloo qrw ghyldwh iurp vwudwhj| @�c



567 DSSHQGL[ G1 SURRIV IRU FKDSWHU :

li dqg rqo| li
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g, Qrwh wkdw vwudwhj| sur�oh @e lv lqfrqvlvwhqw iru erwk w|shv ri frxq0

wulhv1 Erwk w|shv frxog/ lq sulqflsoh/ wudgh li wkh| ghyldwh iurp vwudw0

hj| @e�Exw wkhq wkhuh lv qrerg| rq wkh rwkhu vlgh ri wkh pdunhw dqg qr

wudgh wdnhv sodfh1 Wkhuhiruh wkh htxloleulxp frqglwlrqv duh lghqwlfdo wr

wkrvh lq wkh devhqfh ri vhfxulw| pdunhwv lq +:147,/ t1h1g1



Eleolrjudsk|

Dolsudqwlv/ F1 G1/ G1 M1 Eurzq dqg R1 Exunlqvkdz ^4<<3`= H{lvwhqfh
dqg Rswlpdolw| ri Frpshwlwlyh Htxloleuld1 Vsulqjhu/ Ehuolq1

Duurz/ N1 M1 ^4<86`= �Wkh uroh ri vhfxulwlhv lq dq rswlpdo doorfdwlrq ri

ulvn0ehdulqj� lq Uhylhz ri Hfrqrplf Vwxglhv/ 4<97/ 64/ <40<91

Duurz/ N1 M1 ^4<98`= �Wkh Wkhru| ri Ulvn Ehdulqj� lq Dvshfwv ri wkh

Wkhru| ri Ulvn Ehdulqj/ Khovlqnl= \umù Mdkqvvrqlq Vççwlr/ uhsxeolvkhg

lq Hvvd|v lq wkh Wkhru| ri Ulvn Ehdulqj/ Fklfdjr= Pdunkdp +4<:4,1

Duurz/ N1 M1/ M1 Sdulnk/ J1 Sloohw ^4<<9`= �Ghflvlrq0Pdnlqj Iudphzrunv

iru Dgguhvvlqj Folpdwh Fkdqjh� lq Folpdwh Fkdqjh 4<<8 � Hfrqrplf

dqg Vrfldo Glphqvlrqv ri Folpdwh Fkdqjh1 Frqwulexwlrq ri Zrunlqj

Jurxs LLL wr wkh Vhfrqg Dvvhvvphqw Uhsruw ri wkh Lqwhujryhuqphqwdo

Sdqho rq Folpdwh Fkdqjh1 Hgv1 M1 S1 Euxfh/ K1 Ohh dqg H1 Kdlwhv1

Fdpeulgjh Xqlyhuvlw| Suhvv1

Edf/ P1 ^4<<9`= �Lqfrpsohwh Lqirupdwlrq dqg Lqfhqwlyhv wr Iuhh Ulgh rq

Lqwhuqdwlrqdo Hqylurqphqwdo Uhvrxufhv� lq Mrxuqdo ri Hqylurqphqwdo

Hfrqrplfv dqg Pdqdjhphqw 63/ 63406481

Edqkdp/ U1 ^4<<<`= �Wkh|*uh Vlqjlqj lq wkh Udlq� lq FIRPdjd}lqh/ Dxj

34 4<<<1

Eodfn/ I1 dqg P1 Vfkrohv ^4<:5`= �Wkh Ydoxdwlrq ri Rswlrq Frqwudfwv

dqg d Whvw ri Pdunhw H!flhqf|� lq Mrxuqdo ri Ilqdqfh 5:/ 6<<074;1

Eul|v/ H1/ O1 Hhfnkrxgw dqg K1 Orxehujì ^4<;<`= �Hqgrjhqrxv ulvnv

dqg wkh ulvn suhplxp� lq Wkhru| dqg Ghflvlrq 59/ 6:0791

568
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Exvk/ J1 Z1 ^5334`= �Wh{w ri d ohwwhu iurp wkh Suhvlghqw wr Vhqdwruv

Kdjho/ Khopv/ Fudlj/ dqg Urehuwv�/ Pdufk 46/ 53341 Dydlodeoh rqolqh

iurpWkhZklwh Krxvh/ R!fh ri wkh Suhvv Vhfuhwdu| dw

kwws=22zzz1zklwhkrxvh1jry2qhzv2uhohdvhv253342533436471kwp1

Fdvv/ G1/ J1 Fklfkloqlvn| dqg K1 P1 Zx ^4<<9`= �Lqglylgxdo Ulvn dqg
Pxwxdo Lqvxudqfh� lq Hfrqrphwulfd/ 97/ 66606741

Fklfdjh Phufdqwloh H{fkdqjh Lqf1 ^5334`= �Zhdwkhu Ixwxuhv dqg Rs0

wlrqv Eurfkxuh�/ dydlodeoh rqolqh dw

kwws=22zzz1fph1frp2zhdwkhu2zhdwkhu1kwpo1

Fklfkloqlvn|/ J1 ^4<<7`= �Joredo Hqylurqphqwdo Ulvnv dqg Ilqdqfldo Lq0

vwuxphqwv� lq Vwhsv Wrzdugv d Ghflvlrq Pdnlqj Iudphzrun wr Dgguhvv

Folpdwh Fkdqjh/ hgv1 J1 Sloohw dqg I1 Jdvvpdqq1 Sdxo Vfkhuuhu Lqvwl0

wxwh/ Zxuhqolqjhq dqg Ylooljhq/ Vzlw}huodqg1

Fklfkloqlvn|/ J1 ^4<<9`= �Pdunhwv zlwk hqgrjhqrxv xqfhuwdlqw|= wkhru|

dqg srolf|� lq Wkhru| dqg Ghflvlrq 74/ <<04641

Fklfkloqlvn|/ J1 ^4<<;`= �Wkh hfrqrplfv ri joredo hqylurqphqwdo ulvnv� lq
Wkh Lqwhuqdwlrqdo |hduerrn ri hqylurqphqwdo dqg uhvrxufh hfrqrplfv

4<<;04<<<= d vxuyh| ri fxuuhqw lvvxhv/ hgv1 W1 Wlhwhqehuj dqg K1 Irophu1

Hgzdug Hojdu1

Fklfkloqlvn|/ J1 ^5333`= �Dq d{lrpdwlf dssurdfk wr fkrlfh xqghu xqfhu0

wdlqw| zlwk fdwdvwursklf ulvnv� lq Uhvrxufh dqg Hqhuj| Hfrqrplfv 55/

55405641

Fklfkloqlvn|/ J1 dqg Khdo/ J1 ^4<<5`= �Ilqdqfldo Pdunhwv iru Xqnqrzq

Ulvnv�/ Iluvw Ervwrq Zrunlqj Sdshu Vhulhv/ Froxpeld Exvlqhvv Vfkrro1

Uhylvhg Yhuvlrq Dxjxvw 4<<51

Fklfkloqlvn|/ J1 dqg Khdo/ J1 ^4<<6`= �Joredo Hqylurqphqwdo Ulvnv� lq
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Yro1 :/ Qu1 7/ 980;91

Fklfkloqlvn|/ J1 dqg Khdo/ J1 ^4<<;`= �Ilqdqfldo Pdunhwv iru Xqnqrzq

Ulvnv� lq Vxvwdlqdelolw|= G|qdplfv dqg Xqfhuwdlqw|/ hgv1 J1 Fklfklo0

qlvn|/ J1 Khdo dqg D1 Yhufhool/ Noxzhu1



56:

Fodunh/ K1 U1 dqg Z1 M1 Uhhg ^4<<7`= �Frqvxpswlrq2srooxwlrq wudgh0

r�v lq dq hqylurqphqw yxoqhudeoh wr srooxwlrq0uhodwhg fdwdvwursklf fro0

odsvh� lq Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4;/ <<4043431

FPH ^5334`= �Zhdwkhu ixwxuhv ) rswlrqv� dydlodeoh rq wkh krphsdjh ri

wkh Fklfdjr Phufdqwloh H{fkdqjh dw

kwws=22zzz1fph1frp2surgxfwv2lqgh{2zhdwkhu

2surgxfwvblqgh{bzhdwkhubderxw1fip1

Fursshu/ P1 O1 ^4<:9`= �Uhjxodwlqj dfwlylwlhv zlwk fdwdvwursklf hqylurq0

phqwdo h�hfwv� lq Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjh0

phqw 6/ 40481

Gdylv/ R1 D1 dqg D1 E1 Zklqvwrq ^4<98`= �Zhoiduh Hfrqrplfv dqg wkh

Wkhru| ri Vhfrqg Ehvw� lq Uhylhz ri Hfrqrplf Vwxglhv 65/ 40471

Gheuhx/ J1 ^4<8<`= Wkh Wkhru| ri Ydoxh1 Zloh|/ Qhz \run1

HTHFDW ^4<<<`= �Txdnh Erqgv Lvvxhg iru Glvqh|odqg�/ uhsulqwhg iurp

Wkh Qlnnhl Zhhno|/ dw kwws=22zzz1hthfdw1frp2qlnnhl1kwp1

Iodvvh/ R1/ Kduwxqj/ W1 dqg S1 Olhezhlq ^4<<<`= �Hlq Prghoo }xu Eh0

zhuwxqj yrq SFV0Rswlrqhq� lq Eoçwwhu ghu Ghxwvfkhq Jhvhoovfkdiw i u

Yhuvlfkhuxqjvpdwkhpdwln/ Qu1 5/ 56<05971

Ixghqehuj/ G1 dqg M1 Wluroh ^4<<4`= Jdph Wkhru|/ PLW Suhvv1

Jhpdq/ K1 dqg P1 \ru ^4<<:`= �Vwrfkdvwlf wlph fkdqjhv lq fdwdvwurskh
rswlrq sulflqj� lq Lqvxudqfh= Pdwkhpdwlfv dqg Hfrqrplfv 54/ 4;804<61

Judqjhu Prujdq/ P1 dqg G1 Z1 Nhlwk ^4<<8`= �Vxemhfwlyh Mxgjh0

phqwv e| Folpdwh H{shuwv� lq Hqylurqphqwdo Vflhqfh dqg Whfkqrorj|

5</ Qr1 43/ 79;D07:9D1

Khdo/ J1 ^4<;7`= �Lqwhudfwlrqv ehwzhhq hfrqrp| dqg folpdwh= d iudphzrun
iru srolf| ghvljq xqghu xqfhuwdlqw|� lq Dgydqfhv lq Dssolhg Pdfurh0

frqrplfv/ Yro1 6/ 484049;/ hgv1 N1 Vplwk dqg D1 Gu|ghq Zklwh/ MDL

Suhvv1
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Khdo/ J1 ^4<<3`= �Hfrqrp| dqg folpdwh= d suholplqdu| iudphzrun iru pl0

furhfrqrplf dqdo|vlv� lq Frpprglw| dqg Qdwxudo Uhvrxufh Srolflhv lq

Djulfxowxudo V|vwhpv/ hgv1 U1 Mxvw dqg Q1 Erfnvwdho/ Qruwk Kroodqg1

Kluvkohlihu/ M1 dqg M1 J1 Uloh| ^4<<5`= Wkh dqdo|wlfv ri xqfhuwdlqw| dqg
lqirupdwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Kropvwuùp/ E1 dqg U1 P|huvrq ^4<;6`= �H!flhqw dqg gxudeoh ghflvlrq
uxohv zlwk lqfrpsohwh lqirupdwlrq� lq Hfrqrphwulfd 84/ 4:<<04;4<1

LSFF ^4<<3`= Folpdwh Fkdqjh/ Wkh LSFF Vflhqwl�f Dvvhvvphqw/ hgv1 M1 W1

Krxjkwrq/ J1 M1 Mhqnlqv dqg M1 M1 Hskudxpv/ Fdpeulgjh Xqlyhuvlw|

Suhvv1

LSFF ^4<<9d`= Folpdwh Fkdqjh 4<<8 � Wkh Vflhqfh ri Folpdwh Fkdqjh/

Frqwulexwlrq ri Zrunlqj Jurxs L wr wkh Vhfrqg Dvvhvvphqw Uhsruw ri

wkh Lqwhujryhuqphqwdo Sdqho rq Folpdwh Fkdqjh1 Hgv1 M1 W1 Krxjkwrq/

O1 J1 Phlud Ilokr/ E1 D1 Fdoodqghu/ Q1 Kduulv/ D1 Ndwwhqehuj dqg

N1 Pdvnhoo/ Fdpeulgjh Xqlyhuvlw| Suhvv1

LSFF ^4<<9e`= Folpdwh Fkdqjh 4<<8 � Lpsdfwv/ Dgdswdwlrqv dqg Plwljd0

wlrq ri Folpdwh Fkdqjh= Vflhqwl�f0Whfkqlfdo Dqdo|vhv/ Frqwulexwlrq ri

Zrunlqj Jurxs LL wr wkh Vhfrqg Dvvhvvphqw Uhsruw ri wkh Lqwhujryhuq0

phqwdo Sdqho rq Folpdwh Fkdqjh1 Hgv1 U1 W1 Zdwvrq/ P1 F1 ]lq|rzhud

dqg U1 K1 Prvv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

LSFF ^4<<9f`= Folpdwh Fkdqjh 4<<8 � Hfrqrplf dqg Vrfldo Glphqvlrqv

ri Folpdwh Fkdqjh1 Frqwulexwlrq ri Zrunlqj Jurxs LLL wr wkh Vhfrqg

Dvvhvvphqw Uhsruw ri wkh Lqwhujryhuqphqwdo Sdqho rq Folpdwh Fkdqjh1

Hgv1 M1S1 Euxfh/ K1 Ohh dqg H1 Kdlwhv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

LSFF ^5333`= �Derxw LSFF�/ dydlodeoh rq wkh LSFFzhe vlwh dw

kwws=22zzz1lsff1fk2derxw2derxw1kwp1

LSFF ^5334d`= Folpdwh Fkdqjh 5334= Wkh Vflhqwl�f Edvlv1 Frqwulexwlrq

ri Zrunlqj Jurxs L wr wkh Wklug Dvvhvvphqw Uhsruw ri wkh Lqwhujry0

huqphqwdo Sdqho rq Folpdwh Fkdqjh1 Hgv1 M1 W1 Krxjkwrq/ \1 Glqj/
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G1 M1 Juljjv/ P1 Qrjxhu/ S1 M1 ydq ghu Olqghq/ [1 Gdl/ N1 Pdvnhoo dqg

F1 D1 Mrkqvrq/ Fdpeulgjh Xqlyhuvlw| Suhvv1

LSFF ^5334e`= Folpdwh Fkdqjh 5334= Lpsdfwv/ Dgdswdwlrq dqg Yxoqhud0

elolw|1 Frqwulexwlrq ri Zrunlqj Jurxs LL wr wkh Wklug Dvvhvvphqw Uh0

sruw ri wkh Lqwhujryhuqphqwdo Sdqho rq Folpdwh Fkdqjh1 Hgv1 M1 M1 Pf0

Fduwk|/ R1 I1 Fdq}ldql/ Q1 D1 Ohdu|/ G1 M1 Grnnhq dqg N1 V1 Zklwh/

Fdpeulgjh Xqlyhuvlw| Suhvv1

LSFF ^5334f`= Folpdwh Fkdqjh 5334= Plwljdwlrq1 Frqwulexwlrq ri Zrun0

lqj Jurxs LLL wr wkh Wklug Dvvhvvphqw Uhsruw ri wkh Lqwhujryhuqphqwdo

Sdqho rq Folpdwh Fkdqjh1 Hgv1 E1 Phw}/ R1 Gdylgvrq/ U1 Vzduw dqg

M1 Sdq/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Lqvxudqfh Vhuylfhv R!fh +LVR, Surshuwlhv/ Lqf1 ^4<<<`= �Ilqdqflqj

Fdwdvwurskh Ulvn= Fdslwdo Pdunhw Vroxwlrqv� lq LVR Lqvxudqfh Lvvxh

Vhulhv/ dw kwws=22zzz1lvr1frp2grfv2vwxg3461kwp1

Mhko/ G1 zlwk D1 F1 Uhynlq ^5334`= �Exvk/ lq Uhyhuvdo/ Zrq*w Vhhn Fxw

lq Hplvvlrqv ri Fduerq Glr{lgh� lq Wkh Qhz \run Wlphv/ Pdufk 47/

53341

Mhspd/ F1 M1 dqg P1 Pxqdvlqjkh ^4<<;`= Folpdwh fkdqjh srolf| �

Idfwv/ Lvvxhv dqg Dqdo|vhv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Nlhokro}/ Z1 dqg D1 Gxuuhu ^4<<:`= �Lqvxudqfh Ghulydwlyhv dqg Vhfxul0

wl}dwlrq= Qhz Khgjlqj Shuvshfwlyhv iru wkh XV Fdw Lqvxudqfh Pdunhw�

lq Jhqhyd Sdshuv rq Ulvn dqg Lqvxudqfh 55/ 60491

Nolpsho/ V1 dqg W1 Uhtxdwh ^5333`= �Ilqdqfldo Pdunhwv iru Xqnqrzq

Ulvnv li Eholhiv Gl�hu� lq Wkh Jhqhyd Sdshuv rq Ulvn dqg Lqvxudqfh

Wkhru| 58/ 5<07<1

Nxu}/ P1 ^4<<9`= �Udwlrqdo eholhi dqg Hqgrjhqrxv Xqfhuwdlqw|�/ Zrunlqj

sdshu 641<9/ Irqgd}lrqh Hql Hqulfr Pdwwhl/ Plodqr/ Lwdo|1

Nxu}/ P1 dqg K1 Zx ^4<<9`= �Hqgrjhqrxv Xqfhuwdlqw| lq d Jhqhudo Htxl0
oleulxpPrgho zlwk Sulfh Frqwlqjhqw Frqwudfwv�/ Zrunlqj sdshu 641<9/

Irqgd}lrqh Hql Hqulfr Pdwwhl/ Plodqr/ Lwdo|1



573 ELEOLRJUDSK\

Od�rqw/ M10M1 ^4<;<`= Wkh Hfrqrplfv ri Xqfhuwdlqw| dqg Lqirupdwlrq/PLW

Suhvv1

Olsvh|/ U1 J1 dqg N1 Odqfdvwhu ^4<89`= �Wkh Jhqhudo Wkhru| ri Vhf0

rqg Ehvw� lq Uhylhz ri Hfrqrplf Vwxglhv 57/ 440651

Pdjloo/ P1 dqg Z1 Vkdihu ^4<<5`= �Doorfdwlrq ri Djjuhjdwh dqg Lqglyl0

gxdo Ulvnv wkurxjk Ilqdqfldo Pdunhwv� lq Htxloleulxp dqg g|qdplfv=

Hvvd|v lq krqrxu ri Gdylg Jdoh/ hg1 P1 Pdmxpgdu/ Pdfploodq/ Orqgrq1

Pdolqydxg/ H1 ^4<:6`= �Pdunhwv iru dq h{fkdqjh hfrqrp| zlwk lqglylgxdo

ulvn�/ Hfrqrphwulfd 6/ 6;6073<1

Pdv0Frohoo/ D1/ P1 G1 Zklqvrq dqg M1 U1 Juhhq ^4<<8`= Plfurhfrqr0

plf Wkhru|/ R{irug Xqlyhuvlw| Suhvv/ Qhz \run1

Pd|qdug Vplwk/ M1 ^4<:7`= �Wkh wkhru| ri jdphv dqg hyroxwlrq lq dqlpdo
frq lfwv� lq Mrxuqdo ri Wkhruhwlfdo Elrorj| 7:/ 53<05541

PfJkhh/ F1 ^5333`= �Fdwdvwurskh0Erqgv Frph ri Djh� lq PFF Ylhz0

srlqw/ Qu1 5/ 5333/ sxeolvkhg e| Pduvk ) PfOhqqdq Frpsdqlhv/ Lqf1

Phoohu ^5334`= �Hxurshdq Xqlrq Yrlfhv Frqfhuq iru Folpdwh Sdfw� lq Wkh

Qhz \run Wlphv/ Pdufk 5</ 53341

P oohu/ D1 dqg P1 Judqgl ^5333`= �Zhdwkhu Ghulydwlyhv � Ilqglqj fryhu

iurp wkh zhdwkhu� lq Uhdfwlrqv/ Mdqxdu| 5333/ 5905<1

P|huvrq/ U1 ^4<<4`= Jdph Wkhru| 0 Dqdo|vlv ri Frq lfw/ Kduydug Xql0

yhuvlw| Suhvv1

QGU ^5334`= �Zhwwhu0Ghulydwh= Devlfkhuxqj jhjhq glh Xqehuhfkhqedunhlw

ghv Zhwwhuv�/ gdwhg Mxo| 49/ 53341 Dydlodeoh dw

kwws=22zzz1qguwy1gh2pdunw2wkhphq2dnwlhq2zhwwhughulydwh1kwpo1

R*Eulhq/ W1 ^4<<:`= �Khgjlqj vwudwhjlhv xvlqj fdwdvwurskh lqvxudqfh rs0

wlrqv� lq Lqvxudqfh= Pdwkhpdwlfv dqg Hfrqrplfv 54/ 48604951

Shulq/ P1 ^4<<<`= �Lqqrydwlyh zhdwkhu erqgv jhw frro uhfhswlrq iurp lq0

yhvwruv� lq Krxvwrq Exvlqhvv Mrxuqdo/ 5524424<<<1
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Sloohw/ J1 ^4<<7`= �Ehwwlqj rq Folpdwh Vwdwhv� lq Vwhsv Wrzdugv d Ghfl0

vlrq Pdnlqj Iudphzrun wr Dgguhvv Folpdwh Fkdqjh1 Hgv1 J1 Sloohw

dqg I1 Jdvvpdqq1 Sdxo Vfkhuuhu Lqvwlwxwh/ Zxuhqolqjhq dqg Ylooljhq/

Vzlw}huodqg1

Sudww/ M1 Z1 ^4<97`= �Ulvn Dyhuvlrq lq wkh Vpdoo dqg lq wkh Odujh� lq

Hfrqrphwulfd 65/ 45504691

Udpvh|/ I1 ^4<5;`= �DPdwkhpdwlfdo Wkhru| ri Vdylqj� lq Hfrqrplf Mrxu0

qdo 6;/ 876088<1

Vdqgru/ U1 ^5333`= �Wudglqj zkloh wkh whpshudwxuh ulvhv� lq Hqylurqphq0
wdo Ilqdqfh/ Iheuxdu| 53331

Vfkohvlqjhu/ K1 ^4<<<`= �Ghfrpsrvlqj fdwdvwursklf ulvn� lq Lqvxudqfh=

Pdwkhpdwlfv dqg Hfrqrplfv 57/ <804341

Vkhskhug/ Q1 ^4<<<`= �Orrn Zkdw wkh Zlqg Eohz Lq� lq Lq Irfxv/ ]xulfk

Uh Qhzvohwwhu/ Yro1 5/ Lvvxh 41

Vshhgzhoo Zhdwkhu Ghulydwlyhv ^5333`= Suhvv uhohdvh rq Pdvvlyh Olp0

lwhg wudqvdfwlrq/ uhohdvhg Ghfhpehu 44/ 5333/ dydlodeoh dw

kwws=22zzz1zhdwkhughulyv1frp2suhvv1kwpo1

Wluroh/ M1 ^4<;;`= Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/ PLW Suhvv1

Wruydqjhu/ D1 ^4<<:`= �Xqfhuwdlq Folpdwh Fkdqjh lq dq Lqwhujhqhudwlrqdo
Sodqqlqj Prgho� lq Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv </ 4360

4571

Wvxu/ \1 dqg D1 ]hpho ^4<<9`= �Dffrxqwlqj iru joredo zduplqj ulvnv=

Uhvrxufh Pdqdjhphqw xqghu hyhqw xqfhuwdlqw|� lq Mrxuqdo ri Hfr0

qrplf G|qdplfv dqg Frqwuro 53/ 45;<046381

Xqlwhg Qdwlrqv ^4<<5`= Xqlwhg Qdwlrqv Iudphzrun Frqyhqwlrq rq Fol0

pdwh Fkdqjh1

Xqlwhg Qdwlrqv Folpdwh Fkdqjh Vhfuhwduldw ^4<<:`= Wkh N|rwr Sur0
wrfro wr wkh Frqyhqwlrq rq Folpdwh Fkdqjh1
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Yrup Fkulvwhqvhq/ F1 dqg K1 Vfkplgol ^5333`= �Sulflqj fdwdvwurskh

lqvxudqfh surgxfwv edvhg rq dfwxdoo| uhsruwhg fodlpv� lq Lqvxudqfh=

Pdwkhpdwlfv dqg Hfrqrplfv 5:/ 4;<05331

Zdwvrq/ U1 W1 ^5333d`= �Uhsruw wr wkh Vl{wk Frqihuhqfh ri wkh Sduwlhv

ri wkh Xqlwhg Qdwlrqv Iudphzrun Frqyhqwlrq rq Folpdwh Fkdqjh�/

vshhfk suhvhqwhg rq Qryhpehu 53/ 5333/ dydlodeoh rqolqh dw

kwws=22zzz1lsff1fk2suhvv2vs0frs9051kwp1

Zdwvrq/ U1 W1 ^5333e`= �Suhvhqwdwlrq ri Urehuw W1 Zdwvrq/ Fkdlu Lqwhu0

jryhuqphqwdo Sdqho rq Folpdwh Fkdqjh/ dw wkh Vl{wk Frqihuhqfh ri Sdu0

wlhv wr wkh Xqlwhg Qdwlrqv Iudphzrun Frqyhqwlrq rq Folpdwh Fkdqjh�/

suhvhqwhg rq Qryhpehu 46/ 5333/ dydlodeoh rqolqh dw

kwws=22zzz1lsff1fk2suhvv2vs0frs91kwp1


