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Vlqfh wkh vhfrqg zruog zdu wkh ryhudoo wdul� ohyho kdv idoohq gudpdwlfdoo|1 Wkh dyhudjh pdqxidfwxu0

lqj dg ydoruhp wdul� ohyho ihoo iurp dssur{lpdwho| 73 shufhqw lq 4<7; wr derxw 6 shufhqw lq 4<<;1 Dw

wkh vdph wlph/ wkh qxpehu ri suhihuhqwldo wudglqj djuhhphqwv +SWDv, kdv lqfuhdvhg vljql�fdqwo|1

Wkh qxpehu ri uhjlrqdo djuhhphqwv dssuryhg xqghu wkh JDWW2ZWR lqfuhdvhg iurp mxvw rqh lq

4<7< wr pruh wkdq 433 wrgd| +Iljxuh 4,1� Wklv ohdgv rqh wr zrqghu zkhwkhu wkhuh lv d uhodwlrqvkls

ehwzhhq wkh ghfolqlqj wdul� ohyho dqg wkh surolihudwlrq ri SWDv1

Zkloh d jurzlqj olwhudwxuh kdv dgguhvvhg wkh lpsdfw ri SWDv rq rswlpdo wdul�v dqg pxowlodwhudo

wdul� uhgxfwlrq/2 wkh rssrvlqj txhvwlrq kdv qrw ehhq dgguhvvhg1 Wklv sdshu vhhnv wr �oo wklv jds e|

orrnlqj dw wkh h�hfw ri pxowlodwhudo wudgh olehudol}dwlrq rq wkh irupdwlrq ri SWDv1� Zh h{soruh krz

pxowlodwhudo wdul� uhgxfwlrq d�hfwv wkh lqfhqwlyh wr mrlq d SWD dqg wkh dvvrfldwhg vhoi0hqirufhphqw

phfkdqlvp1 D vxusulvlqj frqfoxvlrq lv wkdw dv wkh pxowlodwhudo wdul� ohyho idoov/ wkh irufhv sxoolqj
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frxqwulhv dzd| iurp iuhh wudgh dqg lqwr elodwhudo djuhhphqwv vwuhqjwkhq1

Zh h{soruh wkh uhodwlrqvkls ehwzhhq pxowlodwhudo wdul� uhgxfwlrq dqg SWDv/ xvlqj wkh roljrsrolv0

wlf prgho ri wudgh1 Wkuhh frxqwulhv lpsruw dqg h{sruw d vlqjoh lpshuihfwo| frpshwlwlyh jrrg1e Hdfk

frxqwu| kdv d srvlwlyh rswlpdo wdul�/ exw wkh uhvxowlqj wudgh zdu htxloleulxp lv zruvh iru doo qd0

wlrqv1 Vlqfh hyhu|rqh zrxog ehqh�w iurp wdul� uhgxfwlrq/ zh h{dplqh wkh lqfhqwlyh wr uhgxfh wdul�v

suhihuhqwldoo| dqg pxowlodwhudoo|1 Lq wkh surfhvv/ zh lghqwli| wkh ydulrxv h�hfwv wkdw frph lqwr sod|/

ghshqglqj rq zklfk w|sh ri uhgxfwlrq lv lpsohphqwhg1

Zh �qg wkdw wkh zhoiduh jdlq iurp mrlqlqj d SWD lv juhdwhu wkdq wkh jdlq iurp d pryh wr iuhh

wudgh zkhq wdul�v duh orz> zkloh/ wkh uhyhuvh lv wuxh zkhq wdul�v duh kljk1 Wkh orjlf frphv iurp

wkh h�hfw ri wdul� uhgxfwlrq rq frpshwlwlrq/ sur�wv/ dqg wdul� uhyhqxh1 Orzhulqj wdul�v hqkdqfhv

frpshwlwlrq/ zklfk ohdgv wr juhdwhu rxwsxw/ prylqj wkh hfrqrp| forvhu wr wkh h�flhqw rxwfrph1

Dw kljk zruog wdul� ohyhov/ wklv h�flhqf| h�hfw lv odujh dqg pxowlodwhudo wdul� uhgxfwlrq/ zklfk kdv

d juhdwhu h�hfw rq frpshwlwlrq wkdq suhihuhqwldo uhgxfwlrq/ lv ehwwhu1 Krzhyhu/ orzhulqj wdul�v dovr

phdqv vpdoohu sur�wv dqg ohvv wdul� uhyhqxh1 Dw ryhudoo orz wdul� ohyhov/ dowkrxjk wkh h�flhqf| h�hfw

vwloo ohdgv wr lqfhqwlyhv iru wdul� uhgxfwlrq/ suhihuhqwldo uhgxfwlrq lv ohvv frvwo| ~ sur�wv dqg wdul�

uhyhqxh idoo e| ohvv1 Suhihuhqwldo djuhhphqwv h�hfwlyho| doorz phpehuv wr glyhuw sduw ri wkh sur�w

orvv wkdw uhvxowv iurp orzhu wdul�v/ wr wkh wklug frxqwu| zkhuh rxwsxw frqwudfwv1 Wklv uhglvwulexwlyh

h�hfw pdnhv suhihuhqwldo uhgxfwlrqv pruh ehqh�fldo wkdq pxowlodwhudo lqlwldwlyhv dw orz wdul� ohyhov1

Qh{w/ zh h{dplqh zkhwkhu elodwhudo djuhhphqwv duh hqirufhdeoh1 Zh xvh wkh vwdqgdug uhshdwhg
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jdph iudphzrun wr h{soruh wkh fulwhuld iru vhoi0hqiruflqj elodwhudo wdul� uhgxfwlrqv1D Dq djuhhphqw

lv hqirufhdeoh li wkh suhvhqw ydoxh ri wkh jdlq iurp frpso|lqj zlwk wkh wdul� uhgxfwlrq iruhyhu/

rxwzhljkv wkh jdlq iurp xqlodwhudoo| lqvwdoolqj wkh rswlpdo wdul� iru rqh shulrg dqg wkhq hqwhulqj

wkh sxqlvkphqw skdvh1 Sxqlvkphqw frqvlvwv ri wkh iruphu SWD phpehuv lpsrvlqj rswlpdo wdul�v

rq hdfk rwkhu1 Dv lv dozd|v wkh fdvh lq wklv w|sh ri jdph/ wkh h{whqw ri frrshudwlrq lv lqfuhdvlqj

lq wkh frxqwulhv* glvfrxqw udwhv1

Zh �qg wkdw wkh ihdvlelolw| ri d SWD lv ghshqghqw rq wkh wdul� ohyho1 Dv wdul�v idoo/ d SWD

lv pruh olnho| wr eh vxvwdlqdeoh~wkdw lv/ wkh fxwr� glvfrxqw udwh qhfhvvdu| wr vxssruw wkh SWD lv

lqfuhdvlqj lq wkh wdul� ohyho1 Wklv iroorzv gluhfwo| iurp deryh1 D SWD lv prvw ehqh�fldo zkhq

h{whuqdo wdul�v duh orz/ lpso|lqj wkh lqfhqwlyh wr frpso| lv kljk1 Khqfh/ elodwhudo frrshudwlrq

lv idflolwdwhg e| pxowlodwhudo frrshudwlrq dqg pxowlodwhudo wdul� uhgxfwlrq fdq pdnh d elodwhudo

djuhhphqw wkdw zdv lqlwldoo| lqihdvleoh/ ihdvleoh1

Lq dgglwlrq/ zh vkrz wkdw wkh glvfrxqw udwh qhhghg wr hqirufh hlwkhu d fxvwrpv xqlrq ru d iuhh

wudgh djuhhphqw iurp wkh rswlpdo wdul� htxloleulxp lv kljkhu wkdq wkh glvfrxqw udwh qhhghg wr

dfklhyh pxowlodwhudo iuhh wudgh1 Wkxv/ li iuhh wudgh lv qrw ihdvleoh qhlwkhu lv d elodwhudo djuhhphqw/

jlyhq frxqwulhv vhw wdul�v rswlpdoo|1 Exw li frxqwulhv fdq frrshudwh rq sduwldo wdul� uhgxfwlrq/ d

SWD pd| ehfrph ihdvleoh dv wkh uhvxow ri wkh wdul� uhgxfwlrq1

Odvwo|/ zh h{whqg wkh prgho wr frqvlghu dowhuqdwlyh hqirufhphqw vwudwhjlhv dqg wr doorz iru

d odujhu qxpehu ri frxqwulhv1 ZWR phpehuv idfh frqvwudlqwv wkdw pd| pdnh wkh vwdqgdug vhoi0

hqiruflqj phfkdqlvp lqihdvleoh ehfdxvh suhihuhqwldo wdul� uhjlphv/ dsduw iurp SWDv/ duh uxohg rxw1

Wkhuhiruh/ xqghu JDWW uxohv/ ghyldwlrq dqg sxqlvkphqw pd| eh pruh dffxudwho| uhsuhvhqwhg dv

uhyhuwlqj wr wkh prvw idyruhg qdwlrq +l1h1 wkh suh0SWD, wdul� ohyho1 Wr pdnh wkh prgho frpsdwleoh
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zlwk JDWW uxohv/ zh jhqhudol}h wkh prgho wr doorz iru vwdwxv txr ghyldwlrq dqg sxqlvkphqw/

lqfrpsohwh wdul� uhgxfwlrq/ dqg d odujh qxpehu ri frxqwulhv1 Zh vkrz wkdw wkh pdlq uhvxow�wkdw

SWDv duh pruh olnho| wr eh vhoi0hqiruflqj dv wdul�v idoo�lv urexvw wr wkhvh dowhuqdwlyhv1

Zkloh wklv vlpsoh iudphzrun lv xvhixo wr looxvwudwh wkh gl�huhqw lpsdfwv ri pxowlodwhudo dqg

elodwhudo olehudol}dwlrq/ lw vkrxog eh xqghuolqhg wkdw wkh prgho lv kljko| vshfldol}hg dqg wkh uhvxowv

vkrxog eh lqwhusuhwhg zlwk vrph fdxwlrq1 Lq jhqhudo/ SWDv dqg pxowlodwhudo wdul� uhgxfwlrq d�hfw

pruh wkdq rqh vhfwru/ dqg wkh lpsdfwv rq wkh h{sruwlqj vhfwru dqg wkh lpsruw0frpshwlqj vhfwru

duh txlwh gl�huhqw1 D jhqhudo htxloleulxp prgho/ zklfk wdnhv dffrxqw ri wkhvh h�hfwv/ pljkw ohdg

wr gl�huhqw frqfoxvlrqv1 Vwloo/ wr wkh h{whqw wkdw SWDv duh dvvrfldwhg zlwk vljql�fdqw lqwudlqgxvwu|

wudgh dqg lpshuihfw frpshwlwlrq/ wklv prgho pd| khos wr h{sodlq wkh uhfhqw ulvh lq uhjlrqdolvp1

Fhuwdlqo| wkh jhqhudo skhqrphqd ri idoolqj wdul�v dqg dq lqfuhdvlqj qxpehu ri SWDv duh hylghqw

lq wkh zruog> lq dgglwlrq/ zh fdq orrn wr sduwlfxodu fdvhv iru frqvlvwhqf| zlwk wkh prgho1 Rqh

h{dpsoh lv wkh Frpprq Pdunhw ri wkh Vrxwk +Phufrvxu,> Phufrvxu lv pdgh xs ri irxu frxqwulhv

wkdw dwwhpswhg wr irup d xqlrq pdq| |hduv djr~d xqlrq zklfk zdv dssduhqwo| qrw vhoi0hqiruflqj1

Wkh Odwlq Dphulfdq Iuhh Wudgh Duhd +ODIWD,/ hvwdeolvkhg lq 4<94/ zdv d idloxuh/ jryhuqphqwv

uhixvhg wr hqdfw wkh sursrvhg wdul� uhgxfwlrqv dqg wkh djuhhphqw hyhqwxdoo| froodsvhg1 Lq 4<<4/

irxu ri wkh ruljlqdo vhyhq phpehuv ri wkh ODIWD iruphg Phufrvxu1 Wklv wlph durxqg/ wkh wdul�

uhgxfwlrq ghdgolqhv kdyh lq jhqhudo ehhq phw dqg wkh xqlrq dsshduv wr eh vxvwdlqdeoh1 Dqrwkhu

iruphu ODIWD phpehu wkdw kdv uhfhqwo| mrlqhg d SWD/ zklfk vr idu dsshduv wr eh vhoi0hqiruflqj/

lv Ph{lfr1 Ph{lfr mrlqhg wkh Xqlwhg Vwdwhv dqg Fdqdgd lq iruplqj QDIWD lq 4<<71 Wkh lqwxlwlrq

zklfk wklv sdshu surylghv iru wkh vxffhvv ri wkh qhz uhjlrqdolvp lv wkdw SWDv duh hdvlhu wr vxssruw

dqg pruh ehqh�fldo wr wkh phpehu qdwlrqv lq wkh prghudwh wdul� folpdwh wrgd| wkdq wkh| zhuh lq

wkh kljk wdul� folpdwh ri wkh 4<93v1

Wklv sdshu lv glylghg lqwr irxu vhfwlrqv1 Vhfwlrq 5 ghvfulehv wkh vwdwlf prgho dqg h{dplqhv
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rswlpdo wdul�v1 Vhfwlrq 6 ghyhorsv wkh g|qdplf prgho dqg gh�qhv wkh frqglwlrqv xqghu zklfk wdul�

uhgxfwlrqv duh ehqh�fldo dqg hqirufhdeoh1 Vhfwlrq 7 jhqhudol}hv wkh prgho wr doorz iru dowhuqdwlyh

hqirufhphqw vwudwhjlhv dqg d odujh qxpehu ri frxqwulhv lq wkh uhvw ri wkh zruog1 Vhfwlrq 8 frqfoxghv1

2 5|@|�U �L_i*

Lq wklv vhfwlrq/ zh h{dplqh rswlpdo wdul�v lq d wkuhh frxqwu| roljrsrolvwlf prgho1 Wkhuh lv rqh

jrrg zklfk lv surgxfhg e| d vlqjoh sur�w pd{lpl}lqj �up lq hdfk frxqwu| dqg vhjphqwhg pdunhwv

ohdg wr wudgh lq wklv jrrg +dv lq Eudqghu dqg Nuxjpdq +4<;6, dqg Eudqghu dqg Vshqfhu +4<;7,,1

Wkhuh duh wkuhh frxqwulhv [> \> dqg ]1 Zh dvvxph wkdw wkh lqyhuvh ghpdqg ixqfwlrq/ S �+T,/ lq

hdfk frxqwu| lv olqhdu1 Vshfl�fdoo|/

S �+T, @ 4� dT� dqg T� @ {� . |� . }�> +4,

zkhuh d lv d frqvwdqw/ T� lv wkh wrwdo txdqwlw| frqvxphg lq frxqwu| l/ dqg {� lv wkh txdqwlw|

surgxfhg e| wkh �up lq [ iru pdunhw l> dqg vlploduo| iru |� dqg }�1 Frpshwlwlrq lv Frxuqrw1

Sur�wv wr wkh �up iurp frxqwu| [> lq frxqwu| l/ ��> duh

�� @ {�S �+T�,� f{� � w�%{
�> +5,

zkhuh> f lv d frqvwdqw frvw ri surgxfwlrq/ dqg w�� lv wkh wdul� wkdw wkh �up iurp frxqwu| m idfhv lq

pdunhw l +w%% @ 3,1

Wkh jryhuqphqw*v zhoiduh ixqfwlrq/ Z / lq frxqwu| [/ lv wkh vxp ri frqvxphu vxusoxv/ surgxfhu

vxusoxv/ dqg wdul� uhyhqxh1

Z @ X+T,� S %T.
[

�'%c+c5

+{�S � � f{� � w�%{
�, . w%+|

% . w%5}
%= +6,

Lq htxdwlrq +6,/ X+T, lv wkh frqvxphu xwlolw| iurp wkdw txdqwlw|1 Vroylqj iru sur�w pd{lpl}lqj
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txdqwlwlhv lq hdfk pdunhw dqg soxjjlqj lqwr htxdwlrq +6,/ zh kdyh

Z @

�
6+4� f,� w%+ � w%5

�
2

65d
.

[
�'%c+c5

#
4� f.

S
�'+c5

w�� � 6w�%

$
2

49d
.w++

4� f. w%5 � 6w%+
7d

,.w5+
4� f. w%+ � 6w%5

7d
,>

+7,

zkhuh wkh �uvw whup lv frqvxphu vxusoxv/ wkh vhfrqg whup lv surgxfhu vxusoxv/ dqg wkh odvw wzr

whupv duh wdul� uhyhqxh1

2�� �T|�4@* A@h�gt

D zhoiduh pd{lpl}lqj jryhuqphqw zloo lpsohphqw d srvlwlyh wdul�1S Li wkhuh duh qr SWDv wkhq wkh

jryhuqphqw pd{lpl}hv zhoiduh/ htxdwlrq +7,/ ryhu w%+ dqg w
%
5 > wdnlqj rwkhu frxqwulhv* wdul�v dv jlyhq1

Zlwk v|pphwulf frxqwulhv/ wkh wdul� rq \ zloo eh htxlydohqw wr wkh wdul� rq ]/ uhvxowlqj lq dq

rswlpdo wdul� ri

wW @
6+4� f,

43
= +8,

Qrwh wkdw/ lq wklv prgho/ wkh rswlpdo wdul� lq rqh frxqwu| lv qrw d ixqfwlrq ri wkh wdul�v lpsohphqwhg

deurdg1

Dowhuqdwlyho|/ li rqh wdul� lv vhw h{rjhqrxvo|�dv lq wkh fdvh ri d SWD�wkhq e| wkh wkhru| ri

vhfrqg ehvw/ wkh rswlpdo wdul� rq wkh rwkhu frxqwu| zloo fkdqjh1 Wkh rswlpdo wdul� wkdw frxqwu|

[ sodfhv rq jrrgv lpsruwhg iurp frxqwu| \ lv

w%+ @
6+4� f, . 44w%5

54
1 +9,

Htxdwlrq +9, vkrzv wkdw wkh rswlpdo wdul� rq rqh wudglqj sduwqhu lv lqfuhdvlqj lq lwv wdul� rq wkh

rwkhu wudglqj sduwqhu1 Wkh lqwxlwlrq lv wkdw zkhq [ orzhuv wkh wdul� rq jrrgv iurp ]> lpsruwv

iurp \ idoo/ zklfk lq wxuq orzhuv erwk wkh wd{ edvh dqg frqvxphu vxusoxv1 E| voljkwo| uhgxflqj

wkh wdul� rq \> h{sruwv iurp \ h{sdqg/ doohyldwlqj wkhvh h�hfwv1 Lq d gl�huhqw nlqg ri prgho/

S ì h�*i L�| i TLh| t�Mt�_�it M) @tt�4T|�L?�

:



zlwk frpshwlqj h{sruwhuv dqg shuihfw frpshwlwlrq/ Edjzhoo dqg Vwdljhu +4<<:d, uhdfk wkh vdph

frqfoxvlrq dqg fdoo wklv wkh _frpsohphqwdulw| h�hfw% ri wdul� uhgxfwlrq1

Frxqwulhv lq d fxvwrpv xqlrq zloo fkrrvh wkh wdul� wkdw pd{lpl}hv wkhlu mrlqw zhoiduh ryhu wkhlu

h{whuqdo wdul�1 Li [ dqg \ irup d xqlrq wkh| zloo pd{lpl}h zhoiduh/ htxdwlrq +6,/ ryhu w%5 dqg w+5 >

vlpxowdqhrxvo|1 Vroylqj/ zh kdyh

wS� @
8+4� f,

4<
> +:,

zkhuh wS� lv wkh rswlpdo wdul� wkdw d fxvwrpv xqlrq fkrrvhv1

Lq d iuhh wudgh duhd/ hdfk frxqwu| lq wkh uhjlrq rswlpl}hv ryhu lwv rzq zhoiduh zlwk uhvshfw wr

wkh wdul� rq wkh rxwvlghu1 Wkh rswlpdo wdul� fkrvhq e| d iuhh wudgh duhd/ ws|@> frqwdlqlqj [ dqg \

lv

ws|@ @
6+4� f,

54
= +;,

Ehfdxvh ri wkh frpsohphqwdulw| h�hfw ri wdul� uhgxfwlrq/ d frxqwu| lq d iuhh wudgh duhd kdv d orzhu

h{whuqdo wdul� wkdq dq lqglylgxdo frxqwu|1 Zlwk wkuhh v|pphwulf frxqwulhv/ d fxvwrpv xqlrq kdv

d orzhu wdul� wkdq dq lqglylgxdo frxqwu| dqg d juhdwhu wdul� wkdq dq IWD1 Wkh rswlpdo wdul� lq

d fxvwrpv xqlrq lv juhdwhu wkdq wkh rswlpdo wdul� lq d iuhh wudgh duhd ehfdxvh d fxvwrpv xqlrq

lqwhuqdol}hv wkh srvlwlyh h�hfw ri wkh wdul�/ rq hdfk phpehu*v sur�wv/ lq lwv sduwqhu frxqwu|1 Wkdw lv/

d juhdwhu h{whuqdo wdul� vkliwv pdunhw vkduh dqg sur�wv/ zlwklq wkh frpprq pdunhw/ wr wkh phpehu

frxqwulhv1.

Li wkh wklug frxqwu| zhuh odujhu ru wkhuh zhuh pruh wkdq wkuhh frxqwulhv dqg khqfh pruh �upv lq

wkh uhvw ri wkh zruog/ wkhq wkh rswlpdo wdul� lq dq IWD zloo vwloo uhpdlq ehorz wkdw ri dq lqglylgxdo

frxqwu| ehfdxvh ri wkh frpsohphqwdulw| h�hfw1 Krzhyhu/ ehfdxvh ri wkh lqwhuqdol}dwlrq h�hfw/ wkh

rswlpdo wdul� lq d fxvwrpv xqlrq fdq ulvh deryh wkdw ri dq lqglylgxdo frxqwu|1H Wkh lqwxlwlrq lv
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wkdw zlwk pruh �upv lq wkh uhvw ri wkh zruog/ wkh jdlq iurp suhihuhqwldo wuhdwphqw lv juhdwhu1

Zkloh vhwwlqj wkh rswlpdo wdul� lv wkh vwulfwo| grplqdqw vwudwhj| iru hdfk frxqwu| lq wkh vwdjh

jdph/ li hdfk frxqwu| grhv vr hyhu|rqh lv zruvh r�1 Wkh qh{w vhfwlrq exlogv d g|qdplf prgho zklfk

doorzv xv wr ghwhuplqh zkhq iuhh wudgh dqg2ru SWDv duh vxvwdlqdeoh1

� #)?@4�U 4L_i*

Zh xvh wkh uhshdwhg jdph iudphzrun dv d phfkdqlvp wr vxssruw elodwhudo wdul� uhgxfwlrq1 Lq wklv

vhfwlrq/ zh hydoxdwh wkh vxvwdlqdelolw| ri SWDv zklfk pryh wkh sduwlflsdwlqj frxqwulhv wr iuhh wudgh

+wkrxjk zh uhod{ wklv dvvxpswlrq lq wkh qh{w vhfwlrq,1 Ehfdxvh wkh irfxv lv rq wkh irupdwlrq ri d

SWD/ zh wdnh wkh lqlwldo wdul� ohyho dv jlyhq dqg dvvxph wdul�v duh v|pphwulf iru vlpsolflw|1b Wkh

SWD pxvw eh pxwxdoo| vhoi0hqiruflqj/ zkhuh elodwhudo wdul� holplqdwlrq lv hqirufhg e| d wkuhdw wkdw

sduwlflsdwlqj frxqwulhv zloo lpsrvh rswlpdo wdul�v rq hdfk rwkhu/ iruhyhu/ lq wkh hyhqw ri d ghyldwlrq1

Wkxv/ li wzr frxqwulhv irup d SWD/ lw pxvw eh wkh fdvh wkdw wkh jdlqv wr wkhp iurp frpplwwlqj

wr }hur elodwhudo wdul�v duh juhdwhu wkdq wkh jdlqv iurp d rqh vkrw ghyldwlrq dqg wkhq hqwhulqj wkh

sxqlvkphqw skdvh1
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Lq wklv vhfwlrq zh h{dplqh wkh lqfhqwlyh frqvwudlqw d frxqwu| idfhv zlwk uhvshfw wr sduwlflsdwlqj lq

d SWD1 Li d frxqwu| lv ehwwhu0r� lq d SWD wkhq lw pxvw eh wkh fdvh wkdw

Z�A�+3> w> 3> w> w> w, �Z +w> w> w> w> w> w,> +<,

zkhuh Z +w%+ > w
%
5 > w

+
%> w

+
5 > w

5
%> w

5
+, lv wkh zhoiduh lq frxqwu| [> idflqj wdul�v w�� +uhfdoo w

�
� lv wkh wdul�/ lq

frxqwu| l> rq jrrgv iurp frxqwu| m,> gh�qhg lq htxdwlrq +7,= Htxdwlrq +<, vd|v wkdw zhoiduh lq d

SWD lv juhdwhu wkdq wkh zhoiduh dw wkh suhvhqw wdul� ohyho1 Iurp htxdwlrqv +7, dqg +<,/ wkh zhoiduh

jdlq iurp prylqj wr elodwhudo iuhh wudgh lv

Z�A� �Z @ w
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Wkh �uvw whup rq wkh uljkw kdqg vlgh ri htxdwlrq +43, lv wkh fkdqjh lq frqvxphu vxusoxv/ wkh vhfrqg

whup lv wkh fkdqjh lq sur�wv/ dqg wkh odvw whup lv wkh orvv lq wdul� uhyhqxh1 Khqfh/ zhoiduh lq d

SWD lv juhdwhu wkdq wkh zhoiduh dw wkh suhvhqw wdul� ohyho/ surylghg

w � 9

:
+4� f,> +44,

zklfk krogv iru doo iru doo w qrw juhdwhu wkdq wkh rswlpdo wdul�1�f Wkxv/ iru d prghudwh wdul� ohyho/

d frxqwu| lv dozd|v ehwwhu r� lq d SWD1

Sursrvlwlrq 4 Iru doo v|pphwulf srvlwlyh wdul� ohyhov ohvv wkdq ru htxdo wr wkh rswlpdo wdul�/ d

frxqwu| lv dozd|v ehwwhu0r� mrlqlqj d SWD1

Dw zkdw v|pphwulf wdul� ohyho grhv d SWD pd{lpl}h zhoiduhB Pd{lpl}lqj zhoiduh zlwk uhvshfw

wr wkh h{whuqdo wdul� ohyho/ |lhogv wkh iroorzlqj �uvw rughu frqglwlrq

CZ�A�
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Wkxv/ dw dq ryhudoo wdul� ohyho ri w @ +4 � f,@44 d uhjlrq pd{lpl}hv zhoiduh1 Wklv lpsolhv wkdw

phpehuv zloo qrw ghvluh iuhh wudgh vlqfh SWD zhoiduh lv pd{lpl}hg dw d srvlwlyh ryhudoo wdul� ohyho1

Pruhryhu/ wkhuh h{lvwv d srvlwlyh wdul� ohyho dw zklfk wkh jdlq iurp mrlqlqj d SWD lv juhdwhu wkdq

wkh jdlq iurp prylqj wr iuhh wudgh1

Iru h{dpsoh/ Iljxuh 5 vkrzv wkh zhoiduh ri d frxqwu| lq d elodwhudo djuhhphqw +wkh ohiw kdqg

vlgh ri htxdwlrq +<,, dqg ri dq lqglylgxdo frxqwu| +wkh uljkw kdqg vlgh ri htxdwlrq +<,,/ jlyhq wkh

suhydlolqj wdul� ohyho +zlwk f @ 3=4/ dqg d @ 4,1 Zhoiduh lv dozd|v juhdwhu iru d frxqwu| lq d SWD

wkdq iru dq lqglylgxdo frxqwu|/ jlyhq wkh wdul� ohyho/ w/ dqg zhoiduh dw d orz srvlwlyh wdul� ohyho lv

juhdwhu wkdq iuhh wudgh zhoiduh1

Sursrvlwlrq 5 Wkhuh h{lvwv d srvlwlyh ryhudoo wdul� ohyho dw zklfk wkh zhoiduh ri d frxqwu| lq d

SWD lv juhdwhu wkdq lwv zhoiduh dw iuhh wudgh1��

Wkh lqwxlwlrq iroorzv iurp wkh h�hfw ri mrlqlqj d SWD rq sur�wv/ wdul� uhyhqxh/ dqg frqvxphu

vxusoxv1 Iljxuh 6 vkrzv wkh h�hfw rq wkh krph pdunhw/ dqg e| v|pphwu| wkh sduwqhu*v pdunhw/ dv d

uhvxow ri iruplqj d SWD1 Lq wkh �jxuh/ wkh vxevfulsw }hur uhsuhvhqwv wkh rxwfrph zlwk pxowlodwhudo

v|pphwulf wdul�v dqg wkh vxevfulsw rqh uhsuhvhqwv wkh rxwfrph xqghu elodwhudo iuhh wudgh1 Wkh qhw

jdlq/ htxdwlrq +43,/ fdq eh ghfrpsrvhg lqwr wkuhh sduwv xvlqj wkh v|pphwu| ehwzhhq wkh phpehu

frxqwulhv1 Wkh �uvw lv wkh dgghg zhoiduh lq wkh krph pdunhw ehfdxvh ]*v h{sruwv duh fkhdshu +duhd

D,> wkh vhfrqg lv wkh jdlq lq sur�wv deurdg/ zklfk lv qrw dvvrfldwhg zlwk d ghfolqh lq wdul� uhyhqxh/

dv d uhvxow ri lqfuhdvhg rxwsxw e| SWD phpehuv uhodwlyh wr wkh qrq0phpehu +duhd F,> dqg wkh

wklug lv wkh h�flhqf| jdlq +duhdv E dqg G,1

Wkh jdlq lv qrw rqo| dq h�flhqf| jdlq/ dv lv wkh fdvh zlwk d pryh wr iuhh wudgh1 Wkhuh lv

dovr d uhglvwulexwlyh jdlq/ zklfk uhvxowv iurp jhwwlqj jrrgv surgxfhg lq ] dw d orzhu sulfh dqg
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vkliwlqj frqvxpswlrq wrzdugv jrrgv surgxfhg lq [ dqg \ 1 Dw d orz wdul� ohyho/ wkh uhglvwulexwlyh

dqg h�flhqf| jdlqv iurp mrlqlqj d SWD rxwzhljk wkh jdlq iurp pxowlodwhudoo| holplqdwlqj wdul�v1�2

Frxqwulhv zloo wkxv suhihu phpehuvkls lq d SWD wr iuhh wudgh1

��2 ,?uLhUi4i?|G t|@?_@h_ U@ti

Wzr frxqwulhv fdq irup d SWD surylghg wkh| fdq frpplw wr d elodwhudo wdul� ri }hur1 Vwduwlqj iurp

dq| srlqw ehorz wkh rswlpdo wdul� ohyho/ lq rughu iru d elodwhudo djuhhphqw ehwzhhq frxqwu| [ dqg

frxqwu| \ wr eh vxvwdlqdeoh/ wkh iroorzlqj frqglwlrq pxvw krog lq frxqwu| [��

Z +w?> w> 3> w> w> w,.
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Z +w?> w> w?> w> w> w,�
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> +46,

zkhuh w? lv wkh rswlpdo wdul� rq \ jlyhq wkh wdul� ohyho/ w> gh�qhg lq htxdwlrq +9,/ � lv wkh wlph

shulrg/ dqg � lv wkh glvfrxqw idfwru/ zkhuh 3 ? � ? 41 Wkh �uvw whup rq wkh ohiw kdqg vlgh lv wkh

rqh shulrg jdlq wr frxqwu| [ iurp ghyldwlqj dqg lqvwdoolqj lwv rswlpdo wdul�/ jlyhq wkdw wkh sduwqhu

frxqwu| frpsolhv1 Wkh vhfrqg whup lv wkh glvfrxqwhg suhvhqw ydoxh ri wkh sxqlvkphqw skdvh1 Wkh

uljkw kdqg vlgh lv wkh jdlq iurp frrshudwlqj1 Zh dvvxph wkh suhydlolqj wdul� ohyho ehwzhhq wkh qrq0

phpehu dqg wkh phpehu frxqwulhv lv pdlqwdlqhg lq wkh hyhqw ri d ghyldwlrq1 Soxjjlqj htxdwlrqv

+7, dqg +9, lqwr +46, dqg vroylqj/ |lhogv

� � :+6+4� f, . 44w,

9+6w. 44+4� f,,
= +47,

Htxdwlrq +47, gh�qhv wkh plqlpxp glvfrxqw udwh qhfhvvdu|/ jlyhq wkh wdul� ohyho w/ iru frxqwu| [

wr frpplw wr d SWD1 E| v|pphwu|/ wkh vdph frqglwlrq pxvw krog lq frxqwu| \ 1

Wkh fxwr� glvfrxqw udwh/ �> lv lqfuhdvlqj lq w1�e Iljxuh 7 sorwv htxdwlrq +47, +iru f @ 3=4>

d @ 4>dqg w ohvv wkdq ru htxdo wr wkh rswlpdo wdul�,1 Lw vkrzv wkh fxwr� glvfrxqw udwh wkdw lv
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�� ì i T*Lhi |�i i?uLhUi@M�*�|) UL?t|h@�?| @| |�i LT|�4@* |@h�g i^��*�Mh��4 �? tiU|�L? ����

�e5TiU��U@**) _B

_|
' �b2E�3S�

�E�|n��E�3S��5
�

45



uhtxluhg/ dw hdfk wdul� ohyho/ iru wkh sduwqhu frxqwulhv wr eh deoh wr hqirufh d elodwhudo iuhh wudgh

djuhhphqw1 Ehfdxvh wkh fxwr� glvfrxqw udwh ghfolqhv zkhq wkh wdul� ohyho idoov/ d elodwhudo djuhhphqw

fdq ehfrph ihdvleoh dv d uhvxow ri pxowlodwhudo wdul� uhgxfwlrq1

Sursrvlwlrq 6 Dv wdul�v idoo/ elodwhudo djuhhphqwv ehfrph hdvlhu wr hqirufh1 Pxowlodwhudo wdul�

uhgxfwlrq fdq pdnh d elodwhudo djuhhphqw wkdw zdv lqihdvleoh ehiruh wkh uhgxfwlrq/ ihdvleoh1

SWDv ehfrph hdvlhu wr hqirufh zkhq wdul�v duh orz ehfdxvh wdul�v lq�xhqfh wkh zhoiduh iurp

frrshudwlrq/ wkh jdlq iurp d rqh vkrw ghyldwlrq/ dqg wkh zhoiduh lq wkh sxqlvkphqw htxloleulxp1

Dw orz wdul� ohyhov/ wkh ehqh�w iurp sduwlflsdwlqj lq d SWD lv kljk dqg wkhuhiruh wkh lqfhqwlyh

wr frpso| lv dovr juhdwhu dw orz wdul� ohyhov wkdq dw kljk wdul� ohyhov1 Zhoiduh iurp ghyldwlqj

iurp wkh SWD lv lqfuhdvlqj lq wkh wdul� ohyho ehfdxvh wkh h{sdqvlrq lq grphvwlf sur�wv dqg wdul�

uhyhqxh/ zklfk uhvxowv iurp lpsrvlqj wkh rswlpdo wdul� rq \> lv juhdwhu zkhq wkh wdul� rq ] lv

odujh1 Wklv dovr pdnhv frpso|lqj hdvlhu dw orz wdul� ohyhov1 Sxwwlqj wkhvh wzr wrjhwkhu/ wkh jdlq

iurp ghyldwlqj ohvv wkh jdlq iurp wkh frrshudwlqj lv prqrwrqlfdoo| lqfuhdvlqj lq wkh wdul� ohyho/

zklfk pdnhv frpso|lqj hdvlhu dv wkh wdul� ohyho idoov1 Wkh sxqlvkphqw/ krzhyhu/ lv ohvv vhyhuh

zkhq h{whuqdo wdul�v duh orz/ pdnlqj lw pruh gl�fxow wr hqirufh d SWD1 Wkh lqwxlwlrq lv wkdw wkh

frpsohphqwdulw| h�hfw ri wdul�v prghudwhv wkh ihdvleoh wdul� wkuhdw zkhq h{whuqdo wdul�v duh orz1

Vwloo/ dv wdul�v idoo/ wkh h�hfw rq wkh lqfhqwlyh wr frpso| dqg wkh h�hfw rq wkh lqfhqwlyh wr ghyldwh

rxwzhljk wkh sxqlvkphqw h�hfw/ hqvxulqj wkdw wkh fxwr� glvfrxqw udwh lv ghfolqlqj lq wkh wdul� ohyho1

��� ,?uLhUi@M�*�|) Lu @ U�t|L4t �?�L? Lh @ uhii |h@_i @hi@ @| |�i �@t�

Qh{w/ zh vroyh iru wkh fxwr� glvfrxqw udwh vwduwlqj iurp rswlpdo wdul� htxloleulxp1 Wkh jdlq iurp

frrshudwlqj lv voljkwo| gl�huhqw lq wklv fdvh vlqfh frxqwulhv lq d fxvwrpv xqlrq ru d iuhh wudgh duhd

gr qrw kdyh wkh vdph rswlpdo wdul� dv lqglylgxdo frxqwulhv1 Vwduwlqj iurp wudgh zdu/ wkh frqglwlrq
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iru d fxvwrpv xqlrq wr eh ihdvleoh lv
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Wkh �uvw whup rq wkh ohiw kdqg vlgh lv wkh jdlq iurp ghyldwlqj iru rqh shulrg dqg fkdujlqj wkh Qdvk

wdul� wr erwk ri wkh rwkhu frxqwulhv +vlqfh wkhuh lv qr djuhhphqw zlwk wkh wklug frxqwu|,/ zkloh wkh

sduwqhu frxqwu| frpsolhv1 Wkh vhfrqg whup lv wkh sxqlvkphqw skdvh1 Wkh uljkw kdqg vlgh lv wkh

jdlq iurp frpso|lqj dqg fkdujlqj wkh rswlpdo fxvwrpv xqlrq h{whuqdo wdul� wr wkh qrq0phpehu

dqg qr wdul� wr wkh sduwqhu1 Soxjjlqj wS�/ w?> dqg htxdwlrq +7, lqwr htxdwlrq +48, dqg vroylqj/ zh

�qg wkdw lq rughu wr dfklhyh d fxvwrpv xqlrq lq rqh vwhs iurp wkh Qdvk/ lw pxvw eh wkh fdvh wkdw=

� � �Hbf
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Wkh vdph dssurdfk fdq eh xvhg wr vroyh iru wkh fxwr� glvfrxqw udwh qhhghg lq rughu iru d iuhh

wudgh duhd wr eh ihdvleoh1 Wkh frpsdudeoh frqglwlrq lv
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�

= +49,

Soxjjlqj ws|> w?> dqg htxdwlrq +7, lqwr htxdwlrq +49,/ lw uhgxfhv wr= � � .f

��.
@ 3=93=

D fxvwrpv xqlrq lv hdvlhu wr hqirufh wkdq d iuhh wudgh djuhhphqw1 Wklv lv d uhvxow ri wkh gl�huhqfh

lq h{whuqdo wdul�v1 Wkh jdlq iurp frpso|lqj zlwk }hur elodwhudo wdul�v lv kljkhu xqghu wkh fxvwrpv

xqlrq rswlpdo wdul� wkdq xqghu wkh iuhh wudgh duhd rswlpdo wdul�/ vlqfh d fxvwrpv xqlrq lqwhuqdol}hv

wkh srvlwlyh h�hfw rq sduwqhu frxqwu| sur�wv1

��e ��*|�*@|ih@* uhii |h@_i

Lq wklv vhfwlrq/ zh h{dplqh wkh ghvludelolw| dqg hqirufhdelolw| ri dfklhylqj iuhh wudgh1 Iuhh wudgh lv

ghvludeoh li lw ohdgv wr dq h{sdqvlrq lq zhoiduh1

Z8A +3> 3> 3> 3> 3> 3, �Z +w> w> w> w> w> w,= +4:,
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Iurp htxdwlrq +7,/ wkh jdlq lq zhoiduh iurp prylqj wr iuhh wudgh/ Z8A > jlyhq wkh wdul� ohyho lv w/ lv

Z8A �Z @
4� f. w

;d
A 3= +4;,

Khqfh/ wkhuh duh jdlqv iurp prylqj wr iuhh wudgh iru doo srvlwlyh v|pphwulf wdul�v1 Wkh jdlq lq

zhoiduh lv sxuho| dq h�flhqf| jdlq +wkh vkdghg duhd lq Iljxuh 8,1 Dv wdul�v idoo/ zh jhw forvhu wr

wkh h�flhqw rxwfrph/ lpso|lqj wkdw wkh zhoiduh jdlq iurp wkh pryh wr iuhh wudgh lv vpdoohu dw orz

wdul� ohyhov1

Pxowlodwhudo iuhh wudgh lv vxvwdlqdeoh rqo| li wkh iroorzlqj frqglwlrq krogv

Z +w?> w?> 3> 3> 3> 3,.
"[
�'�

Z +w?> w?> w?> w?> w?> w?,�
� �

"[
�'f

Z +3> 3> 3> 3> 3> 3,�
�

= +4<,

Wkh �uvw whup rq wkh ohiw kdqg vlgh ri +4<, lv wkh zhoiduh iurp ghyldwlqj iru rqh shulrg/ wkh vhfrqg

whup lv wkh glvfrxqwhg zhoiduh gxulqj wkh Qdvk sxqlvkphqw skdvh/ dqg wkh uljkw kdqg vlgh uhsuhvhqwv

wkh suhvhqw glvfrxqwhg ydoxh ri frpso|lqj zlwk iuhh wudgh iruhyhu1 Vroylqj/ frqglwlrq +4<, |lhogv

� � 48

5;
@ 3=87=

Li � ? 3=87 iuhh wudgh fdqqrw eh dfklhyhg1 Wkh glvfrxqw udwh qhhghg wr vxssruw iuhh wudgh lv qrw

ghshqghqw rq wkh jlyhq wdul� ohyho/ w> lpso|lqj wdul� uhgxfwlrq kdv qr h�hfw rq wkh delolw| wr dfklhyh

iuhh wudgh1

Wkh glvfrxqw udwh qhhghg wr hqirufh hlwkhu d fxvwrpv xqlrq ru d iuhh wudgh djuhhphqw iurp

wkh rswlpdo wdul� htxloleulxp lv kljkhu wkdq wkh glvfrxqw udwh qhhghg wr dfklhyh pxowlodwhudo iuhh

wudgh1 Khqfh/ li iuhh wudgh lv qrw ihdvleoh qhlwkhu lv d elodwhudo djuhhphqw/ jlyhq frxqwulhv vhw wdul�v

rswlpdoo|1 Krzhyhu/ li frxqwulhv fdq frrshudwh rq sduwldo wdul� uhgxfwlrq/ d SWD pd| ehfrph

ihdvleoh dv wkh uhvxow ri wkh wdul� uhgxfwlrq1
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Lq wklv vhfwlrq/ zh h{dplqh wkh uhvxowv xqghu vwudwhjlhv ri wdul� uhgxfwlrq wkdw duh frpsdwleoh

zlwk JDWW uxohv1 Zh doorz iru vwdwxv txr sxqlvkphqw/ lqfrpsohwh wdul� uhgxfwlrq/ dqg iru pruh

frxqwulhv lq wkh uhvw ri wkh zruog1 Zh �qg wkdw wkh uhvxowv duh urexvw wr wkhvh dgglwlrqv1

e�� 5|@|�t�^�L T�?�t�4i?| @?_ T@h|�@* *�Mih@*�3@|�L?

ZWR uhvwudlqwv gr qrw shuplw d frxqwu| wr uhwxuq wr wkh Qdvk lq rughu wr uhwdoldwh/ doo d frxqwu| fdq

gr lv dsso| lwv h{whuqdo wdul�1 Lq dgglwlrq/ lqvwlwxwlrqdo frqvwudlqwv pd| suhyhqw wkh frxqwu| wkdw

ghyldwhv iurp fkrrvlqj wkh rswlpdo wdul�/ lqvwhdg lw zloo olnho| lqvwdoo wkh rxwvlgh wdul�1 Wkhuhiruh/

d ghyldwlrq iurp wkh SWD pd| eh pruh uhdolvwlfdoo| prghoohg dv pdlqwdlqlqj wkh suh0SWD wdul�

ohyho/ l1h1 uhixvlqj wr hqdfw wkh sursrvhg wdul� uhgxfwlrqv/ zkloh wkh sxqlvkphqw uhjlph zrxog

lqyroyh rqo| d uhwxuq wr wkh vwdwxv txr1 Lq wklv fdvh/ wkh frqglwlrq iru frrshudwlrq wr eh ihdvleoh lv

dowhuhg ehfdxvh wkh jdlqv iurp ghyldwlrq dqg sxqlvkphqw duh fkdqjhg1 Wkh jdlqv iurp ghyldwlrq

duh uhgxfhg/ pdnlqj frrshudwlrq hdvlhu wkdq wkh vwdqgdug fdvh> exw/ wkh vhyhulw| ri wkh sxqlvkphqw

uhjlph lv dovr uhgxfhg/ pdnlqj frrshudwlrq pruh gl�fxow1 Wkxv/ lw lv qrw fohdu zkhwkhu SWD

irupdwlrq zloo eh idflolwdwhg ru kduphg e| wkhvh frqvwudlqwv1

Lq dgglwlrq/ SWDv iruphg xqghu wkh hqdeolqj fodxvh ri wkh JDWW doorz iru odujh sduwldo�dv

rssrvhg wr frpsohwh�olehudol}dwlrq1 Wklv zloo uhgxfh wkh jdlqv iurp frrshudwlrq ehfdxvh suhihu0

hqwldo wuhdwphqw lv ohvv lqwhqvh1 Doorzlqj iru vwdwxv0txr ghyldwlrq dqg sxqlvkphqw/ dqg lqfrpsohwh

suhihuhqwldo olehudol}dwlrq/ wkh djuhhphqw lv vxvwdlqdeoh surylghg wkh iroorzlqj frqglwlrq lv vdwlv�hg

Z +w> w> +4� {,w> w> w> w,.
"[
�'�

Z +w> w> w> w> w> w,�
� �

"[
�'f

Z +4� {,w> w> +4� {,w> w> w> w,�
�

> +53,

zkhuh { lv wkh wdul� uhgxfwlrq idfwru1 Vroylqj |lhogv
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� � 9+4� f,� 53w. 54{w

�57w. 4;{w. 45+4� f,
= +54,

Htxdwlrq +54, lv ghfuhdvlqj lq w surylghg { A 5@6= Lq sduwlfxodu/ zlwk frpsohwh olehudol}dwlrq/ { @ 4

htxdwlrq +54, ehfrphv

� � 9+4� f, . w

45+4� f,� 9w
= +55,

Iurp htxdwlrq +54, dqg +55,/ wkh SWD ehfrphv hdvlhu wr hqirufh dv wkh wdul� ohyho idoov/ surylghg

wdul�v duh uhgxfhg e| dw ohdvw 9: shufhqw1 Wkh sxqlvkphqw lv ohvv vhyhuh zkhq wdul�v duh orz1 Wkh

jdlq iurp ghyldwlqj lv orzhu dqg wkh jdlq iurp frpplwwlqj lv lqghshqghqw ri wkh wuljjhu vwudwhj|

dqg lv lq jhqhudo juhdwhu zkhq wdul�v duh orz1 Wkh odwwhu wzr grplqdwh dqg frpplwphqw ehfrphv

pruh olnho| dv wdul�v idoo1

Sursrvlwlrq 7 Xqghu vwdwxv txr ghyldwlrq dqg sxqlvkphqw/ d SWD ehfrphv hdvlhu wr hqirufh dv

wdul�v idoo1 Pruhryhu/ surylghg wkh wdul� uhgxfwlrq h{fhhgv 9: shufhqw/ SWDv duh pruh hdvlo| hqirufhg

dv wdul�v ghfolqh1

e�2 �Lhi |�@? |�hii UL�?|h�it

Dv wkh qxpehu ri frxqwulhv lq wkh uhvw ri wkh zruog lqfuhdvhv/ wkh ehqh�fldo h�hfwv ri mrlqlqj d

SWD zloo fkdqjh1 Lqghhg/ zh kdyh vhhq wkdw wkh fxvwrpv xqlrq wdul� fdq h{fhhg wkh lqglylgxdo

frxqwu| wdul� li wkh qxpehu ri �upv rxwvlgh wkh xqlrq lv odujh1 Lq wklv vhfwlrq/ zh vkrz wkdw hyhq

li wkh qxpehu ri frxqwulhv lv odujh/ wkh fxwr� glvfrxqw udwh qhhghg wr hqirufh d elodwhudo djuhhphqw

lv lqfuhdvlqj lq wkh wdul� ohyho1 Iru vlpsolflw|/ zh dvvxph wkdw wkh h{whuqdo wdul� ohyho lv xqlirup

dw w> wkdw wkhuh duh q . 5 frxqwulhv hdfk zlwk rqh �up/ dqg wkdw wkhuh duh qr rwkhu SWDv lq wkh

zruog1 Zh dovr dvvxph sxqlvkphqw dqg ghyldwlrq duh dvvrfldwhg zlwk lqvwdoolqj wkh pxowlodwhudo

wdul� ohyho1

4:



Zlwk xqlirup wdul� ohyho/ w/ dfurvv frxqwulhv/ zhoiduh lq frxqwu| [ lv

Z +w, @
++5 . q,+4� f,� +q. 4,w,2

5d +q. 6,2
.
+4� f. +q. 4,w,2

+q. 6,2 d
.+q.4,

+4� f� 5w,2

+q. 6,2 d
.+q.4,w

4� f� 5w

+q. 6, d
=

+56,

Wkh �uvw whup lq htxdwlrq +56, lv frqvxphu vxusoxv lq wkh krph pdunhw/ wkh vhfrqg whup lv sur�wv

dw krph/ wkh wklug whup lv sur�wv lq qrq0phpehu frxqwulhv/ dqg wkh �qdo whup lv wdul� uhyhqxh1

Xqghu d elodwhudo djuhhphqw/ kroglqj rwkhu h{whuqdo wdul�v frqvwdqw dw w/ zhoiduh lq frxqwu| [

lv

Z K�,+w, @
++5 . q,+4� f,� qw,2

5d +q. 6,2
.
5 +4� f. qw,2

+q. 6,2 d
. q

+4� f� 5w,2

+q. 6,2 d
. qw

4� f� 6w

+q. 6,d
= +57,

Wkh �uvw whup lq htxdwlrq +57, lv frqvxphu vxusoxv lq wkh krph pdunhw/ wkh vhfrqg whup lv sur�wv

lq wkh eorf frxqwulhv/ wkh wklug whup lv sur�wv lq qrq0phpehu frxqwulhv/ dqg wkh �qdo whup lv wdul�

uhyhqxh1

Zhoiduh li frxqwu| [ ghyldwhv iurp d elodwhudo djuhhphqw lv

Z S�e@|+w, @
++5 . q,+4� f,� +q. 4,w,2

5d +q. 6,2
.
+4� f. +q. 4,w,2

+q. 6,2 d
.
+4� f. qw,2

+q. 6,2 d
. +58,

q
+4� f� 5w,2

+q. 6,2 d
. +q. 4,w

4� 5w� f

+q. 6,d
=

Wkh �uvw whup lq htxdwlrq +58, lv frqvxphu vxusoxv lq wkh krph pdunhw/ wkh vhfrqg whup lv sur�wv dw

krph/ wkh wklug whup lv sur�wv lq wkh rwkhu eorf frxqwu|/ wkh irxuwk whup lq sur�wv lq qrq0phpehu

frxqwulhv/ dqg wkh �qdo whup lv wdul� uhyhqxh1

Wkh xqlrq lv vxvwdlqdeoh surylghg

Z S�e@|+w,.
"[
�'�

Z +w,�
� �

"[
�'f

Z K�,+w,�
�

>

Vroylqj/ |lhogv

� � 9+4� f, . 5q2w. ;qw� <w

;+4� f, . 5q2w� ;w. 7q+4� f,
=
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Iru doo q juhdwhu wkdq ru htxdo wr rqh +6 ru pruh frxqwulhv,/ wkh fxwr� glvfrxqw udwh qhhghg wr

hqirufh wkh xqlrq lv vwloo lqfuhdvlqj lq wkh wdul� ohyho +_B
_|
A 3,1

Sursrvlwlrq 8 Zlwk pdq| v|pphwulf frxqwulhv dqg v|pphwulf h{whuqdo wdul�v/ d elodwhudo djuhh0

phqw lv hdvlhu wr hqirufh dv wkh wdul� ohyho idoov1

Wkh lqwxlwlrq lv vlplodu wr wkh suhylrxv fdvh1 Wkh vhyhulw| ri wkh sxqlvkphqw dqg wkh jdlq iurp

ghyldwlrq ghfolqh dv wkh wdul� ohyho idoov1 Wkh jdlq iurp frrshudwlrq lqlwldoo| ulvhv dv wdul�v idoo iurp

wkh rswlpxp1 Wkh lpsdfw ri wkh wdul� ohyho rq ghyldwlrq dqg frrshudwlrq rxwzhljk wkh h�hfw rq wkh

sxqlvkphqw uhjlph/ dqg wkh djuhhphqw lv hdvlhu wr hqirufh dv wdul�v idoo1 Rqh dgglwlrqdo ehqh�w/

lq wklv fdvh/ lv wkdw suhihuhqwldo dffhvv lv judqwhg ryhu pruh �upv/ |lhoglqj d odujhu lqfhqwlyh h�hfw

wkdq zkhq wkhuh lv rqo| rqh frxqwu| rxwvlgh wkh uhjlrq1�D

D �L?U*�t�L?

Zkloh wkh frqyhqwlrqdo zlvgrp lv wkdw wkh uhfhqw surolihudwlrq ri SWDv lv lq sduw d uhvsrqvh wr wkh

idloxuh ri wkh JDWW/ wklv prgho vxjjhvwv wkh rssrvlwh1 Wkdw lv/ pdq| ri wkh fxuuhqw sduwqhuvklsv

pd| dfwxdoo| eh d uhvxow ri wkh vxffhvv ri wkh JDWW lq orzhulqj wdul�v1 Dffruglqj wr wklv prgho/

wkh ghfolqh lq wdul�v ryhu wkh odvw 73 |hduv kdv lqfuhdvhg erwk wkh lqfhqwlyh wr mrlq d SWD dqg wkh

olnholkrrg wkdw wkh djuhhphqw lv vxvwdlqdeoh1 Zh vkrz wkdw dw orz wdul� ohyhov/ pdunhw vkduh jdlqv

iurp uhjlrqdo djuhhphqwv fdq grplqdwh wkh orvv lq frpshwlwlrq wr vxfk dq h{whqw wkdw wkh| duh

suhihuuhg e| phpehu frxqwulhv wr iuhh wudgh1 Pruhryhu/ vlqfh wkh jdlq iurp frpso|lqj zlwk d SWD

lv juhdwhu dw d orz wdul� ohyho/ gl�fxowlhv lq hqiruflqj SWDv hdvh dv wdul�v idoo1 Dv d uhvxow/ hyhu|

urxqg ri pxowlodwhudo wdul� uhgxfwlrqv vkrxog eh phw zlwk dq h{sdqvlrq lq wkh qxpehu ri SWDv1

�DA��t �t @?@*L}L�t |L kh�t�?@<t E�bbH� hit�*| |�@| ��i? |�i hit| Lu |�i �Lh*_ �t *@h}ic |�ihi �t 4Lhi |h@_i _��iht�L?c

@?_ ThL_�Uih<t t�TTLh| uLh M�*@|ih@* *�Mih@*�3@|�L? �t }hi@|�
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^4` Edjzhoo/ N1/ Vwdljhu U1/ 4<<:d1 Uhjlrqdolvp dqg pxowlodwhudo wdul� frrshudwlrq1 Lq= Sljjrww M1/

Zrrgodqg D1 +Hgv1,/ Lqwhuqdwlrqdo Wudgh Srolf| dqg wkh Sdfl�f Ulp1 PfPloodq/ Orqgrq1

^5` Edjzhoo/ N1/ Vwdljhu U1/ 4<<:e1 Pxowlodwhudo wdul� frrshudwlrq gxulqj wkh irupdwlrq ri d fxv0

wrpv xqlrq1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 75/ <404561

^6` Edogzlq/ U1/ 4<<81 D grplqr wkhru| ri uhjlrqdolvp1 Lq= Edogzlq/ U1/ Kddsdudqwd S1/ Nldq0

ghu M1+Hgv1,/ H{sdqglqj Phpehuvkls ri wkh Hxurshdq Xqlrq1 Fdpeulgjh Xqlyhuvlw| Suhvv/

Fdpeulgjh1

^7` Ekdjzdwl/ M1/ 4<<61 Uhjlrqdolvp dqg pxowlodwhudolvp= dq ryhuylhz1 Lq= Sdqdjdul|d D1/ Gh Phor

M1 +Hgv1,/ Qhz Glphqvlrqv lq Uhjlrqdo Lqwhjudwlrq1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^8` Ekdjzdwl/ M1/ Sdqdjdul|d D1/ 4<<9d1 Suhihuhqwldo wudglqj duhdv dqg pxowlodwhudolvp= Vwudqjhuv/

iulhqgv/ ru irhvB Lq= Ekdjzdwl M1/ Sdqdjdul|d D1 +Hgv1,/ Wkh Hfrqrplfv ri Suhihuhqwldo Wudgh

Djuhhphqwv1 DHL Suhvv/ Zdvklqjwrq GF1

^9` Ekdjzdwl/ M1/ Sdqdjdul|d D1/ 4<<9e1 Wkh wkhru| ri suhihuhqwldo wudgh djuhhphqwv= Klvwrulfdo

Hyroxwlrq dqg Fxuuhqw Wuhqgv1 Dphulfdq Hfrqrplf Uhylhz ;9/ ;50;:1

^:` Erqg/ H1/ V|ursrxorv F1/ 4<<9d1 Wkh vl}h ri wudglqj eorfnv pdunhw srzhu dqg zruog zhoiduh

h�hfwv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 73/ 744076:1

^;` Erqg/ H1/ V|ursrxorv F1/ 4<<9e1 Wudglqj eorfnv dqg wkh vxvwdlqdelolw| ri lqwhu0uhjlrqdo frrs0

hudwlrq1 Lq= Fd}rqhul/ P1/ Hwklhu Z1/ dqg Julool/ Y1 +Hgv1,/ Wkh Qhz Wudqvdwodqwlf Hfrqrp|1

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^<` Eudqghu M1/ Nuxjpdq S1/ 4<;61 D cuhflsurfdo gxpslqj* prgho ri lqwhuqdwlrqdo wudgh1 Mrxuqdo

ri Lqwhuqdwlrqdo Hfrqrplfv 48/ 64606561
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^43` Eudqghu M1/ Vshqfhu E1/ 4<;71 Wdul� surwhfwlrq dqg lpshuihfw frpshwlwlrq1 Lq= K1 Nlhu}nrzvnl

+Hg1,/ Prqrsrolvwlf Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudgh1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^44` Hwklhu/ Z1/ 4<<;1 Uhjlrqdolvp lq d pxowlodwhudo zruog1 Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ 45470

45781

^45` Jurvvpdq/ J1/ Khospdq H1/ 4<<81 Wkh srolwlfv ri iuhh wudgh djuhhphqwv1 Dphulfdq Hfrqrplf

Uhylhz ;8/ 99:09<31

^46` Nhqqdq/ M1/ Ulh}pdq U1/ 4<<31 Rswlpdo wdul� htxloleuld zlwk fxvwrpv xqlrqv1 Fdqdgldq Mrxuqdo

ri Hfrqrplfv 56/ :30;61

^47` Nulvkqd/ S1/ 4<<;1 Uhjlrqdolvp dqg pxowlodwhudolvp= D srolwlfdo hfrqrp| dssurdfk1 Txduwhuo|

Mrxuqdo ri Hfrqrplfv 446/ 55:05841

^48` Nuxjpdq/ S1/ 4<<51 Lv elodwhudolvp edgB Lq= Khospdq H1/ Ud}lq D1 +Hgv1,/ Lqwhuqdwlrqdo Wudgh

dqg Wudgh Srolf|1 PLW Suhvv/ Fdpeulgjh1

^49` Ohy|/ S1/ 4<<:1 D srolwlfdo0hfrqrplf dqdo|vlv ri iuhh0wudgh djuhhphqwv1 Dphulfdq Hfrqrplf

Uhylhz ;:/ 83904<1

^4:` Ulfkdugvrq/ P1/ 4<<61 Hqgrjhqrxv surwhfwlrq dqg wudgh glyhuvlrq1 Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv 67/ 63<06571

^4;` \l/ V1/ 4<<91 Hqgrjhqrxv irupdwlrq ri fxvwrpv xqlrqv xqghu lpshuihfw frpshwlwlrq= Rshq

uhjlrqdolvp lv jrrg1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 74/ 48604::1
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Iljxuh 4= Ilj1 41 SWDv dssuryhg xqghu Duwlfoh [[LY ru wkh Hqdeolqj Fodxvh ri wkh JDWW1 Vrxufh=

Ekdjzdwl dqg Sdqdjdul|d +4<<9,1
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f@314/ 0 0 0 lv zhoiduh lq d SWD/ � lv zhoiduh ri dq lqglylgxdo frxqwu|,
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