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DEVWUDFW

Edg srolflhv +l1h1/ srolflhv kdupixo wr sulydwh surgxfhuv vxfk dv h{fhvvlyh wd{dwlrq/ duelwudu|
frq�vfdwlrq/ dqg qhjoljhqfh ri sxelf jrrgv, duh revhuyhg lq txlwh d ihz frxqwulhv1 Wkhvh
frxqwulhv whqg wr kdyh dxwrfudwlf uhjlphv1 L h{soruh d uhdvrq zk| edg srolflhv pd| ehqh�w
dxwrfudwv1 L suhvhqw d prgho hfrqrp| zkhuh wkh dxwrfudw pdqdjhv klv surgxfwlrq +h1j1/
plolwdu| h{sorlwv/ sodqwdwlrq fxowlydwlrq/ plqlqj, lq dgglwlrq wr vhwwlqj srolflhv iru wkh
sulydwh surgxfhuv1 Wkh dxwrfudw kdv dq lqfhqwlyh wr uhsuhvv wkh lqfrph ohyho ri sulydwh
surgxfhuv= lw uhgxfhv wkh zdjh udwh wkdw kh pxvw r�hu wr klv zrunhuv dqg wkhuhe| lqfuhdvhv
wkh vxusoxv iurp klv surgxfwlrq1 Wkxv wkh dxwrfudw fkrrvhv d wd{ udwh wkdw lv kljkhu wkdq
wkh uhyhqxh0pd{lpl}lqj udwh= lw olhv rq wkh edfnzdug0ehqglqj sduw ri wkh Od�hu fxuyh1
Kh pd| dovr fkrrvh wr orzhu wkh surgxfwlylw| ri sulydwh surgxfhuv wkurxjk frq�vfdwlrq/
qhjohfw ri sxeolf jrrgv/ dqg rwkhu qrq0wd{ srolflhv1 L dujxh wkdw wkh vwru| lv khosixo lq
xqghuvwdqglqj edg srolflhv suhvhqw lq plolwdulvwlf uhjlphv ri wkh Rwwrpdq dqg Pxjkdo
hpsluhv/ Wuxmloor*v uhjlph lq wkh sodqwdwlrq0edvhg hfrqrp| ri wkh Grplqlfdq Uhsxeolf/
dqg Prexwx*v uhjlph lq plqhudo0ulfk ]dluh1

MHO fodvvl�fdwlrq= H95> K54> Q73
Nh|zrugv= dxwrfudf|> srolf|> wd{
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41 LQWURGXFWLRQ

Lq ydulrxv frxqwulhv/ erwk klvwrulfdo dqg frqwhpsrudu|/ zh fdq revhuyh jryhuqphqw

srolflhv wkdw duh fohduo| kdupixo wr sulydwh surgxfhuv +lq vkruw/ cedg srolflhv* iurp qrz rq,1

H{dpsohv ri edg srolflhv lqfoxgh h{fhvvlyh wd{dwlrq/ duelwudu| frq�vfdwlrq/ dqg frpsohwh

qhjoljhqfh ri sxeolf jrrgv vxfk dv sxeolf urdgv1 Frxqwulhv zlwk edg srolflhv whqg wr kdyh

dxwrfudwlf uhjlphv1 Wkh Rwwrpdq dqg Pxjkdo hpsluhv/ wkh Grplqlfdq Uhsxeolf xqghu

Wuxmloor/ dqg ]dluh xqghu Prexwx/ doo ri zklfk zloo eh glvfxvvhg odwhu/ duh vrph ri wkh

frxqwulhv wkdw zhuh uxohg e| dxwrfudwv zkr lpsohphqwhg edg srolflhv1 Dprqj wkh srvvleoh

uhdvrqv zk| wkhvh dxwrfudwv lpsohphqwhg edg srolflhv/ lq wklv sdshu L h{soruh rqh uhdvrq

wkdw vwhpv iurp wkh frqglwlrqv iru wkh dxwrfudw*v rzq surgxfwlrq1

Ehiruh jhwwlqj lqwr wkh vwru| ri wkh sdshu/ L zloo glvfxvv vrph ri wkh pruh zhoo0nqrzq

uhdvrqv iru dxwrfudwv fkrrvlqj edg srolflhv1 Iluvw ri doo/ zh zrxog qhhg d vho�vk dxwrfudw1

Li wkh dxwrfudw rqo| fduhv derxw klv rzq zhoiduh/ srolflhv wkdw duh edg wr rwkhuv fdq eh

jrrg iru klp1 D kljkhu wd{ udwh lv edg iru wkh wd{hg exw pd| eulqj lq pruh uhyhqxh iru

wkh uxohu1 Frq�vfdwlrq dqg qhjohfw ri sxeolf jrrgv pd| eh xqghuvwrrg lq vlplodu whupv=

frq�vfdwlrq eulqjv lq uhyhqxh dqg surylvlrq ri sxeolf jrrgv lv frvwo|1 Krzhyhu/ hyhq dq

rzq0lqfrph0pd{lpl}lqj dxwrfudw zrxog uhvwudlq klpvhoi qrw wr ryhu0wd{ ru xqghu0surylgh1

Kljk wd{ udwhv ru duelwudu| frq�vfdwlrq fdq uhgxfh wkh wd{ uhyhqxh e| uhgxflqj wkh wd{ edvh

dqg vrph surylvlrq ri edvlf sxeolf jrrgv fdq gr wkh rssrvlwh1 Wkh fdvh iru edg srolflhv

ehfrphv vwurqjhu li wkh dxwrfudw*v whqxuh lv vkruw= ohvv h{fhvvlyh srolflhv pd| lqfuhdvh wkh

uhyhqxh lq wlph exw wkh lqfuhdvh zrxog dffuxh rqo| wr klv vxffhvvru/ zkrp kh grhv qrw fduh

derxw +Exfkdqdq dqg Ohh 4<;5,1 Dqrwkhu frpsolfdwlrq lv wkh sureohp ri wlph0frqvlvwhqf|1

Wkh dxwrfudw pd| surplvh prghudwh srolflhv lq wkh ixwxuh wr lqfuhdvh wkh wd{ edvh/ exw

lw pd| eh lq klv lqwhuhvwv wr euhdn klv surplvh rqfh wkh wd{ edvh lqfuhdvhv/ wkxv pdnlqj

klv surplvh lqfuhgleoh1 Wklv sureohp ri wlph0frqvlvwhqf| zrxog glplqlvk li wkh dxwrfudw*v

whqxuh lv orqjhu vlqfh wkhq kh fdq exlog uhsxwdwlrq dv d prghudwh srolf| pdnhu1 Lq vkruw/ d
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vho�vk dxwrfudw zkr wdnhv klv vkruw whqxuh dv jlyhq pd| yhu| zhoo h{sodlq pdq| lqvwdqfhv

ri edg srolflhv1

Lq pdq| rwkhu lqvwdqfhv ri edg srolflhv/ wkh dxwrfudw hqmr|hg d orqj whqxuh/ vsdqqlqj

ryhu ghfdghv/ dqg dsshdu wr kdyh ehhq vhfxuh lq srzhu1 Lq wkhvh lqvwdqfhv/ wkh sureohp

ri wlph0frqvlvwhqf| lv plwljdwhg dqg wkh dxwrfudw fdq rswlpl}h ryhu wkh orqj krul}rq1

Uhdglqj derxw wkhvh lqvwdqfhv/ L jhw wkh lpsuhvvlrq wkdw wkh vho�vkqhvv ri wkh dxwrfudw e|

lwvhoi pd| qrw eh hqrxjk d uhdvrq iru wkh revhuyhg edg srolflhv/ dqg zh qhhg vrph rwkhu

fruurerudwlqj uhdvrqv1 Rqh fruurerudwlqj uhdvrq pd| eh wkdw edg srolflhv duh vrphkrz

jrrg iru surorqjlqj whqxuh1 Iru h{dpsoh/ Urelqvrq +4<<:e, krogv wkdw xqghu0surylvlrq

ri sxeolf jrrg pdnhv uhehoolrq pruh gl�fxow dqg wkxv surorqjv wkh uxohu*v whqxuh1 Wklv

uhdvrqlqj vhhpv sodxvleoh dqg lv vxssruwhg e| hylghqfh1 Lq wklv sdshu L h{soruh dqrwkhu

srvvleoh uhdvrq iru lpsohphqwdwlrq ri edg srolflhv e| d vho�vk dxwrfudw zlwk orqj whqxuh/

devwudfwlqj iurp wkh lvvxh ri pdlqwdlqlqj srzhu1

Wkh edvlf vwru| lv dv iroorzv1 Lpdjlqh d vho�vk dxwrfudw zkr wd{hv sulydwh surgxfhuv

dqg hqjdjhv lq klv rzq surgxfwlrq xvlqj kluhg zrunhuv1 Wkh gl�huhqfh ehwzhhq wkh sulydwh

surgxfwlrq dqg wkh dxwrfudw*v surgxfwlrq lv wkdw wkh iruphu lv pruh gl�fxow wr vxshuylvh

wkdq wkh odwwhu/ vr wkh dxwrfudw zrxog fkrrvh wr wd{ wkh iruphu dqg pdqdjh wkh odwwhu1

Wkh sulydwh surgxfwlrq pd| eh shdvdqw iduplqj/ frpphufh/ ru pdqxidfwxulqj lqgxvwulhv1

Wkh dxwrfudw*v surgxfwlrq pd| eh plolwdu| h{sorlwv/ sodqwdwlrq surgxfwlrq/ ru plqlqj

lqgxvwulhv1 Lq uhfuxlwlqj klv zrunhuv/ wkh dxwrfudw pxvw r�hu zdjh udwh iru klv zrunhuv wkdw

lv htxdo wr wkh sulydwh surgxfhu*v qhw0ri0wd{ lqfrph1 Wkhq/ wkh dxwrfudw*v fkrlfh ri wkh

wd{ udwh qrw rqo| d�hfwv wkh wd{ uhyhqxh/ exw lw dovr d�hfwv wkh zdjh udwh ri wkh dxwrfudw*v

zrunhuv1 E| lqfuhdvlqj wkh wd{ udwh/ wkh dxwrfudw fdq uhgxfh wkh zdjh udwh dqg wkhuhe|

lqfuhdvh wkh vxusoxv iurp klv rzq surgxfwlrq1 Gxh wr wklv uhdvrq/ wkh dxwrfudw fkrrvhv

d wd{ udwh wkdw lv juhdwhu wkdq wkh uhyhqxh0pd{lpl}lqj udwh= lw olhv rq wkh edfnzdug0

ehqglqj sduw ri wkh Od�hu fxuyh1 Ixuwkhu/ dq dxwrfudw zlwk juhdwhu surgxfwlylw| ri klv
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rzq surgxfwlrq kdv pruh lqfhqwlyh wr uhgxfh wkh zdjh udwh/ dqg wkxv fkrrvhv d kljkhu wd{

udwh1

Lq Vhfwlrq 5/ L suhvhqw d prgho hfrqrp| zlwk wkhvh ihdwxuhv1 Lq Vhfwlrq 6/ L h{whqg wkh

edvlf vwru| dqg fkdudfwhul}h wkh dxwrfudw*v suhihuhqfh iru qrq0wd{ srolflhv1 Wkh dxwrfudw

pd| zdqw wr uhsuhvv wkh surgxfwlylw| ri sulydwh surgxfhuv e| vxfk phdqv dv h{wruwlrq/

frq�vfdwlrq/ dqg xqghu0surylvlrq ri sxeolf jrrgv1 Djdlq/ dq dxwrfudw zlwk juhdwhu sur0

gxfwlylw| ri klv rzq surgxfwlrq kdv pruh lqfhqwlyh wr uhsuhvv wkh surgxfwlylw| ri sulydwh

surgxfhuv1 Wkh vwru| lq Vhfwlrqv 5 dqg 6 prvw uhdglo| dsso| wr dxwrfudwlf uhjlphv wkdw

kdyh juhdw rssruwxqlwlhv iru dqg fdsdelolw| ri rzq surgxfwlrq1 Lq Vhfwlrq 7/ L dujxh wkdw

wklv vwru| lv khosixo lq xqghuvwdqglqj wkh edg srolflhv wkdw zhuh suhvhqw lq wkh plolwdulv0

wlf uhjlphv ri wkh Rwwrpdq dqg Pxjkdo hpsluhv/ Wuxmloor*v uhjlph lq wkh sodqwdwlrq0edvhg

hfrqrp| ri wkh Grplqlfdq Uhsxeolf/ dqg Prexwx*v uhjlph lq plqhudo0ulfk ]dluh1 Lq Vhfwlrq

8/ L vxppdul}h wkh uhvxowv ri wkh sdshu dqg frqfoxgh1

51 Wd{dwlrq xqghu Dxwrfudw*v Surgxfwlrq

Frqvlghu wkh iroorzlqj hfrqrp|1 Wkhuh duh dq dxwrfudw dqg phdvxuh rqh ri vxemhfwv

zkr duh h{0dqwh lghqwlfdo1 Hyhu| vxemhfw kdv rqh xqlw ri oderu hqgrzphqw/ dqg xvlqj wklv

oderu kh fdq hlwkhu surgxfh rxwsxw rq klv rzq ru zrun iru wkh dxwrfudw1 Li d vxemhfw hqjdjhv

lq rzq0surgxfwlrq/ kh doorfdwhv klv oderu ehwzhhq wkh irupdo vhfwru dqg wkh lqirupdo vhfwru1

Wkh gl�huhqfh ehwzhhq wkh wzr vhfwruv lv wkdw wkh irupdo0vhfwru rxwsxw lv wd{hg dqg wkh

lqirupdo0vhfwru rxwsxw lv qrw wd{hg1 Ohw o ghqrwh wkh oderu doorfdwhg wr wkh irupdo0vhfwru

surgxfwlrq1 Wkh vxemhfw0surgxfhu*v wrwdo rxwsxw lv jlyhq e|

|s @ i+o, . k+4� o,= +4,

Lq wklv htxdwlrq/ i+o, lv wkh irupdo0vhfwru rxwsxw dqg k+4� o, lv wkh lqirupdo0vhfwru rxwsxw1

Ohw #+o, � i 3+o,@k3+4� o, dqg dvvxph wkdw #+3, A 4/ #3+o, ? 3 iru doo o/ dqg #+4, � 31 Wklv

phdqv wkdw wkh irupdo0vhfwru oderu lv pruh surgxfwlyh wkdq wkh lqirupdo0vhfwru oderu zkhq
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o @ 3 exw wklv uhodwlyh surgxfwlylw| dgydqwdjh ri wkh irupdo0vhfwru surgxfwlrq ghfuhdvhv dv

o lqfuhdvhv/ dqg glvdsshduv zkhq ru ehiruh o uhdfkhv 41 Wkh �uvw dqg wkh odvw sduw ri wkh

dvvxpswlrq lqvxuh wkdw wkh htxloleulxp oderu doorfdwlrq lv lqwhulru1 Ohw � ghqrwh wkh wd{

udwh dqg } wkh wd{ uhyhqxh iurp rqh surgxfhu=

} @ �i+o,= +5,

Wkh vxemhfw0surgxfhu*v xwlolw| lv klv rxwsxw qhw ri wd{hv=

xs @ |s � }= +6,

Li d vxemhfw zrunv iru wkh dxwrfudw/ kh doorfdwhv doo klv oderu wr wklv dfwlylw|1 Ohw z ghqrwh

wkh zdjh udwh iru wkh dxwrfudw*v zrunhu1 Wkh vxemhfw0zrunhu*v xwlolw| lv klv zdjh=

xh @ z= +7,

Ohw q ghqrwh wkh qxpehu ri vxemhfw0zrunhuv1 +4 � q lv wkhq wkh qxpehu ri vxemhfw0

surgxfhuv1, Wkh dxwrfudw surgxfhv rxwsxw xvlqj wkh oderu ri klv zrunhuv1 Wklv rxwsxw lv

jlyhq e|

|d @ j+q,= +8,

Ohw �|s � plqo+|s, dqg �|s � pd{o+|s,/ dqg dvvxph wkdw j3+3, A �|s/ j
3+q, lv ghfuhdvlqj lq q/

dqg j3+4, ? �|s1 Wkh �uvw dqg wkh odvw sduwv ri wkh dvvxpswlrq lqvxuh wkdw wkh htxloleulxp

qxpehu ri zrunhuv lv lqwhulru1 Wkh dxwrfudw*v xwlolw| lv wkh wd{ uhyhqxh soxv klv rxwsxw qhw

ri zdjh sd|phqw=

xd @ }+4� q, . |d �zq= +9,

Wkh �uvw hyhqw lq wklv hfrqrp| lv iru wkh dxwrfudw wr uhfuxlw zrunhuv1 Wkh uhfuxlwphqw wdnhv

sodfh lq d pdunhw zkhuh wkh dxwrfudw ehkdyhv dv d prqrsvrq| dqg wkh vxemhfwv ehkdyh

frpshwlwlyho|1 Wkh vhfrqg hyhqw lv surgxfwlrq= hdfk vxemhfw0surgxfhu surgxfhv klv rzq

rxwsxw/ glylglqj oderu ehwzhhq wkh wzr vhfwruv/ dqg wkh vxemhfw0zrunhu surgxfhv rxwsxw
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iru wkh dxwrfudw1 Wkh �qdo hyhqw lv iru wkh dxwrfudw wr froohfw wd{hv iurp vxemhfw0surgxfhuv

dqg wr sd| zdjhv wr vxemhfw0zrunhuv1

Lw lv xvhixo wr ghvfuleh wkh ghflvlrq sureohpv ri wkh dxwrfudw dqg wkh vxemhfwv lq uhyhuvh

rughu1 Lq wkh surgxfwlrq vwdjh/ hdfk vxemhfw0surgxfhu fkrrvhv wkh irupdo0vhfwru oderu o

wr pd{lpl}h xs/ wdnlqj � dv jlyhq1 Qrwh wkdw doo vxemhfw0surgxfhuv duh lghqwlfdo/ vr wkhlu

oderu doorfdwlrq fkrlfh lv wkh vdph1 Ohw �o+�, eh wkh lqglylgxdo oderu vxsso| vfkhgxoh iru

wkh irupdo vhwru= d vxemhfw0surgxfhu*v oderu doorfdwhg wr wkh irupdo vhfwru lv jlyhq e|

o @ �o+�,= +:,

Lq wkh uhfuxlwphqw vwdjh/ hdfk vxemhfw fkrrvhv ehwzhhq wkh wzr rffxsdwlrqv/ wkh surgxfhu

dqg wkh zrunhu/ frpsdulqj xs dqg xv dqg wdnlqj � dqg z dv jlyhq1 Ohw �q+�>z, ghqrwh wkh

djjuhjdwh vxsso| vfkhgxoh ri zrunhuv= wkh qxpehu ri zrunhuv lv jlyhq e|

q @ �q+�>z,= +;,

Wkh dxwrfudw fkrrvhv � / z/ dqg q wr pd{lpl}h xd/ wdnlqj �o+�, dqg �q+�>z, dv jlyhq1 Dq

htxloleulxp ri wklv hfrqrp| lv wkh wd{ udwh � / wkh zdjh udwh z/ wkh qxpehu ri zrunhuv q

wkdw vroyh wkh dxwrfudw*v sureohp/ dqg wkh irupdo0vhfwru oderu o wkdw vroyhv wkh vxemhfw0

surgxfhu*v sureohp jlyhq � 1

Wr fkdudfwhul}h wkh htxloleulxp/ lw lv djdlq xvhixo wr frqvlghu wkh ehkdylru ri wkh

dxwrfudw dqg vxemhfwv lq uhyhuvh rughu1 Ohw xv �uvw frqvlghu wkh vxemhfw0surgxfhu*v ehkdylru

xqghu ydu|lqj wd{ udwhv1 Jlyhq wkh dvvxphg surshuwlhv ri i dqg k/ zh kdyh wkh iroorzlqj

sursrvlwlrq uhjduglqj wkh vxemhfw0surgxfhu*v oderu doorfdwlrq fkrlfh1

Sursrvlwlrq 41 Wkhuh lv d fxw0r� wd{ udwh �� A 3 vxfk wkdw �o+3, A 3/ �o+�, lv ghfuhdvlqj zkloh

3 ? � ? �� / dqg �o+�, @ 3 iru � � �� 1

Surri= Jlyhq wkh prqrwrqlflw| ri #/ iurp +4,/+5,/dqg +6,/ wkh �uvw0rughu frqglwlrq iru wkh

surgxfhu*v sureohp lv/ iru dq| � / +4 � �,#+�o+�,, � 4 li �o+�, @ 3/ +4 � �,#+�o+�,, @ 4 li
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3 ? �o+�, ? 4/ dqg +4 � �,#+�o+�,, � 4 li �o+�, @ 41 Jlyhq wkdw #+3, A 3 dqg #+4, � 4/

iurp wkh �uvw0rughu frqglwlrq/ zh fdq vkrz wkdw �o+3, A 3 dqg #+�o+3,, @ 41 Wkhq/ wkhuh

lv �� A 3 wkdw vdwlv�hv +4 � ��,#+3, @ 41 Li 3 ? � ? �� / +4 � �,#+4, ? #+4, � 4 dqg

+4� �,#+3, A +4� ��,#+3, @ 4 vr wkdw +4� �,#+�o+�,, @ 41 Wkhq/ �o+�, lv ghfuhdvlqj zkloh

3 ? � ? �� 1 Li �� � � � 4/ �o+�, @ 3 vlqfh rwkhuzlvh +4 � �,#+�o+�,, ? +4 � ��,#+3, @ 4/

ylrodwlqj wkh �uvw0rughu frqglwlrq1 T1H1G1

Lqwxlwlyho|/ wkh irupdo0vhfwru oderu zloo eh wkh juhdwhvw zkhq � @ 31 Dv � lqfuhdvhv iurp 3/

wkh irupdo0vhfwru oderu ghfuhdvhv dqg wkh lqirupdo0vhfwru oderu lqfuhdvhv vlqfh wkh qhw0ri0

wd{ uhwxuq iurp irupdo0vhfwru surgxfwlrq +uhodwlyh wr lqirupdo0vhfwru surgxfwlrq, ghfuhdvhv1

Li � lv kljk hqrxjk/ oderu lv hqwluho| doorfdwhg wr wkh lqirupdo vhfwru vlqfh wkh uhodwlyh uhwxuq

dgydqwdjh ri irupdo0vhfwru surgxfwlrq glvdsshduv1 Zh fdq vkrz wkdw dv � lqfuhdvhv iurp 3

wr �� / wkh rxwsxw | ghfuhdvhv1 Wklv lv ehfdxvh d kljkhu wd{ udwh vkliwv wkh oderu iurp wkh pruh

surgxfwlyh irupdo0vhfwru surgxfwlrq wr wkh ohvv surgxfwlyh lqirupdo0vhfwru surgxfwlrq1 Zh

fdq dovr vkrz wkdw dv � lqfuhdvhv iurp 3 wr �� / wkh vxemhfw0surgxfhu*v xwlolw| xs ghfuhdvhv1

Wr vhh wklv/ qrwh wkdw d orzhu wd{ udwh fdq rqo| pdnh wkh vxemhfw0surgxfhu ehwwhu r�

ehfdxvh hyhq zlwkrxw fkdqjlqj klv oderu doorfdwlrq fkrlfh/ klv xwlolw| zrxog lqfuhdvh gxh

wr wkh orzhu wd{hv1

Ohw xv qrz frqvlghu wkh ehkdylru ri wkh dxwrfudw dqg wkh vxemhfwv lq wkh uhfuxlwphqw

pdunhw1 Hdfk vxemhfw*v rffxsdwlrqdo fkrlfh lv vlpsoh= fkrrvh zklfkhyhu rffxsdwlrq gholyhuv

juhdwhu xwlolw|1 Wkh wd{ udwh � ghwhuplqhv wkh surgxfhu*v xwlolw| dqg wkh zdjh udwh z

ghwhuplqhv wkh zrunhu*v xwlolw|1 Wkxv hdfk vxemhfw*v rffxsdwlrqdo suhihuhqfh lv ghwhuplqhg

e| � dqg z1 Vlqfh doo vxemhfwv duh h{0dqwh lghqwlfdo/ wkhlu rffxsdwlrqdo suhihuhqfh lv wkh

vdph1 Wkhq/ jlyhq � dqg z/ wkh vxsso| vfkhgxoh ri hpsor|hhv �q+�>z, @ 3 li xs A xv/

�q+�>z, @ 4 li xs ? xv/ dqg �q+�> z, fdq eh dq| ydoxh iurp 3 wr 4 li xs @ xv1 Qrz ohw xv

wklqn derxw wkh dxwrfudw*v sureohp ri fkrrvlqj � / z/ dqg q lq wzr vwhsv= �uvw fkrrvlqj � /

dqg qh{w fkrrvlqj z dqg q jlyhq � 1 Frqvlghulqj wkhvh vwhsv edfnzdugv/ qrwh wkdw jlyhq � /

wkh vxemhfw0surgxfhu*v xwlolw| xs lv �{hg1 Wr uhfuxlw dq| zrunhuv/ wkh dxwrfudw pxvw r�hu

9



z kljk hqrxjk vr wkdw wkh vxemhfwv duh zloolqj wr eh zrunhuv +l1h1/ xs � xv,1 Rq wkh rwkhu

kdqg/ kh zloo fkrrvh d z wkdw lv wkh orzhvw dprqj wkhvh dffhswdeoh z*v vlqfh klv xwlolw| lv

juhdwhu zlwk ohvv zdjh sd|phqw1 Wkxv kh zloo r�hu z vr wkdw wkh vxemhfwv duh lqgl�huhqw

ehwzhhq ehfrplqj surgxfhuv dqg ehfrplqj zrunhuv=

xs @ xv= +<,

Xvlqj +6,/ +7,/ dqg +<,/ zh fdq uhzulwh wkh dxwrfudw*v xwlolw| lq +9, dv

xd @ } . |d � |sq= +9,3

Wkh �uvw0rughu frqglwlrq iru q lq wklv htxdwlrq lv

j3+q, @ |s= +43,

Lqwxlwlyho|/ lq fkrrvlqj q/ wkh dxwrfudw htxdwhv wkh pdujlqdo surgxfw iurp klulqj dq dg0

glwlrqdo zrunhu wr wkh pdujlqdo frvw ri klulqj wkdw dgglwlrqdo zrunhu1 Wkh pdujlqdo frvw

lv wkh vxp ri wkh zdjh udwh dqg wkh orvv ri wkh wd{ uhyhqxh iurp orvlqj rqh surgxfhu/ dqg

wklv vxp lv htxdo wr rqh surgxfhu*v rxwsxw1 Wkh dxwrfudw*v sureohp lv wkhq uhgxfhg wr

fkrrvlqj � jlyhq wkdw z dqg q duh ghwhuplqhg e| +<, dqg +43,1

Qrz/ zh fdq vhh iurp +9,3 dqg +43, wkdw/ lq fkrrvlqj � / wkh dxwrfudw kdv wr frqvlghu

wkh h�hfwv ri wkh wd{ udwh rq wkh wd{ uhyhqxh } dqg rq |s1 Lq fkdudfwhul}lqj wkh dxwrfudw*v

fkrlfh ri wd{ udwh/ lw lv frqyhqlhqw wr kdyh wkh wd{ uhyhqxh h{klelw wkh Od�hu fxuyh1 Wr

wklv hqg/ iru wkh uhpdlqghu ri wkh dqdo|vlv/ dvvxph wkdw i 3+o,@#3+o, lv qrq0ghfuhdvlqj lq o1

Wklv edvlfdoo| phdqv wkdw i dqg2ru # kdyh vrph frqfdylw|1

Sursrvlwlrq 51 Wkh wd{ uhyhqxh } h{klelwv d Od�hu fxuyh= } @ 3 li � @ 3 ru �� � � � 4/

dqg wkhuh lv d xqltxh wd{ udwh �� / zkhuh 3 ? �� ? �� / vr wkdw dv � lqfuhdvhv/ } lqfuhdvhv zkloh

3 ? � ? �� dqg ghfuhdvhv zkloh �� ? � ? �� 1

:



Surri= Iru � @ 3/ } @ 3 iurp +5,1 Iru � 5 ^�� > 4`/ �o+�, @ 3 vr wkdw } @ 31 Iru o 5 ^3> ��,/ xvlqj

+4 � �,#+�o+�,, @ 4 iurp wkh surri ri Sursrvlwlrq 4/ zh kdyh �o3+�, @ 4@^+4 � �,5#3+�o+�,,`1

Jlyhq wklv/ zh fdq vkrz g}@g� @ i+�o+�,, . �i 3+�o+�,,@^+4 � �,5#3+�o+�,,`1 Wkhq/ li � @ 3/

g}@g� @ i+�o+3,, A 3> Vlqfh i 3+o,@#3+o, lv qrq0ghfuhdvlqj dqg �o+�, lv ghfuhdvlqj +Sursrvlwlrq

4,/ g}@g� lv ghfuhdvlqj zkloh 3 � � ? �� > dqg dv � $ �� / g}@g� $ i+3, . �i 3+3,@^+4 �
�,5#3+3,` ? 31 Iurp wklv/ lw iroorzv wkdw wkhuh lv �� fkdudfwhul}hg dv lq wkh sursrvlwlrq1

T1H1G1

Li wkh wd{ uhyhqxh zdv wkh rqo| frqfhuq iru wkh dxwrfudw/ wkhq kh zrxog fkrrvh wkh uhyhqxh0

pd{lpl}lqj wd{ udwh �� 1 Krzhyhu/ wkh wd{ udwh qrw rqo| ghwhuplqhv wkh wd{ uhyhqxh exw

dovr wkh surgxfhu*v rxwsxw |s/ dqg wklv ghwhuplqhv wkh frvwv ri hpsor|lqj d zrunhu1 Dv iru

wklv odwwhu h�hfw ri wkh wd{ udwh/ wkh kljkhu wkh wd{ udwh/ wkh ehwwhu r� wkh dxwrfudw lv= d

kljkhu � uhgxfhv wkh surgxfhu*v rxwsxw |s/ d orzhu |s lpsolhv d orzhu frvw ri hpsor|lqj d

zrunhu/ dqg wklv lqfuhdvhv wkh dxwrfudw*v vxusoxv iurp klv rzq surgxfwlrq +vhh htxdwlrqv

93 dqg 43,1 Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh h�hfw ri wklv dxwrfudw*v frqfhuq iru

orzhu hpsor|phqw frvwv rq wkh htxloleulxp wd{ udwh1

Sursrvlwlrq 61 Dq| htxloleulxp wd{ udwhv olh rq wkh edfnzdug0ehqglqj sduw ri wkh Od�hu

fxuyh dqg ixuwkhu/ dq| htxloleuld duh lqwhulru= iru dq| jlyhq htxloleulxp hohphqwv a� / aq/ dqg

ao/ �� ? a� ? �� > 3 ? aq ? 4> dqg 3 ? ao ? 41

Surri= Ohw a� / aq/ ao eh d vhw ri htxloleulxp hohphqwv1 Vlqfh j3+3, A pd{o+|s, dqg j3+4, ?

plqo+|s,/ iurp +43,/ zh kdyh j3+4, ? j3+aq, ? j3+3, vr wkdw 3 ? aq ? 41 Frqvxowlqj wkh surri

ri Sursrvlwlrq 4/ zh fdq vkrz wkdw �o+�, lv frqwlqxrxv vr wkdw |s dqg } fkdqjh frqwlqxrxvo|

dv � fkdqjhv1 Wkhq/ jlyhq aq/ lq +9,3/ xd fkdqjhv frqwlqxrxvo| dv � fkdqjhv1 Iru � 5 ^3> ��,

dqg � 5 +�� > 4`/ g}@g� dqg g|s@g� duh zhoo gh�qhg/ vr zh fdq zulwh Cxs@C� @ g}@g� �
+g|s@g�,aq1 Wr fkdudfwhul}h Cxs@C� / frqvlghu � *v lq wkuhh vhjphqwv1 Iluvw/ iru � 5 ^3> �� `/

zh kdyh g}@g� � 3 iurp Sursrvlwlrq 5/ dqg zh fdq vkrz g|s@g� ? 3 vr wkdw Cxs@C� A 31

Qh{w/ iru � 5 +�� > ��,/ zh fdq ghulyh Cxs@C� @ i+�o+�,, . �+4� aq,i 3+�o+�,,@^+4� �,5#3+�o+�,,`1

Vlqfh i 3+o,@#3+o, lv qrq0ghfuhdvlqj dqg �o lv ghfuhdvlqj/ Cxs@C� lv ghfuhdvlqj/ dqg dv � $ �� /

Cxs@C� $ �+4 � aq,i 3+3,@^+4 � �,5#3+3,` ? 31 Ilqdoo|/ iru � 5 +�� > 4`/ g}@g� @ 3 dqg

g|s@g� @ 3 vr wkdw Cxs@C� @ 31 Iurp wklv fkdudfwhul}dwlrq ri Cxs@C� / lw iroorzv wkdw

�� ? a� ? �� 1 Wkhq/ iurp Sursrvlwlrq 4/ zh kdyh 3 ? ao ? 41 T1H1G1

;



Wkxv wkh dxwrfudw*v frqfhuq iru uhfuxlwphqw pdnhv klp fkrrvh d kljkhu wd{ udwh wkdq wkh

uhyhqxh0pd{lpl}lqj rqh1

Lq wklv prgho/ ghshqglqj rq wkh surshuwlhv ri wkh surgxfwlrq ixqfwlrqv i / j/ dqg

k/ wkhuh fdq eh pruh wkdq rqh htxloleuld1 Wr vlpsoli| wkh uhpdlqghu ri wkh dqdo|vlv/ L

zloo pdnh d ixuwkhu dvvxpswlrq rq wkh surgxfwlrq ixqfwlrqv wr hqvxuh wkdw wkhuh lv d

xqltxh htxloleulxp1 Ohw �+|d, eh wkh lqyhuvh ixqfwlrq ri j3+q, dqg dvvxph wkdw �3+|d, �
^+4���,5#3+3,`@^��5i 3+3,` iru doo |d 5 ^�|s> �|s`1 Wklv edvlfdoo| phdqv wkdw j lv frqfdyh hqrxjk1

Sursrvlwlrq 71 Wkhuh lv d xqltxh htxloleulxp1

Surri= Iurp Sursrvlwlrq 6/ dq| htxloleulxp wd{ udwhv duh lq +�� > ��,1 Lq wkh iroorzlqj/

doo wkh vwdwhphqwv duh iru � 5 +�� > ��,1 Lq wkh surri ri Sursrvlwlrq 5/ zh vdz wkdw |s

dqg } fkdqjh frqwlqxrxvo| dv � fkdqjhv1 Iurp +8, dqg +43,/ q dqg |d dovr fkdqjh

frqwlqxrxvo| dv � fkdqjhv1 Wkhq/ lq +9,3/ xd fkdqjhv frqwlqxrxvo| dv � fkdqjhv1 Ohw

�|s+�, � i+�o+�,, . k+4 � �o+�,,1 Iurp +9,3/ xvlqj +8, dqg +43,/ zh fdq ghulyh gxd@g� @

g}@g� � �|3

s+�,�+�|s+�,, @ i+�o+�,, . +4 � �+�|s+�,,,+�i
3+�o+�,,,@++4 � �,5#3+�o+�,,,1 Frq0

vxowlqj wkh surri ri Sursrvlwlrq 6/ zh fdq vkrz wkdw dv � $ �� / gxd@g� A 3/ dqg dv

� $ �� / gxd@g� ? 31 Vlqfh i 3+o,@#3+o, lv qrq0ghfuhdvlqj dqg �o lv ghfuhdvlqj/ wkh h{suhv0

vlrq +�i 3+�o+�,,,@++4 � �,5#3+�o+�,,, lv ghfuhdvlqj lq � 1 Jlyhq wklv/ gxd@g� lv ghfuhdvlqj li

gi+�o+�,,@g� � +g�+�|s+�,,@g�,+�i
3+�o+�,,,@++4 � �,5#3+�o+�,,, � 31 Zh fdq vkrz wkdw wklv

lqhtxdolw| krogv/ xvlqj wkdw �3+|d, � ^+4 � ��,5#3+3,`@^��5i 3+3,` iru doo |d 5 ^�|s> �|S `1 Wkxv

gxd@g� lv ghfuhdvlqj1 Lw iroorzv wkdw wkhuh lv d xqltxh htxloleulxp wd{ udwh/ zklfk lpsolhv

wkh xqltxhqhvv ri wkh ydoxhv ri doo wkh rwkhu htxloleulxp hohphqwv1 T1H1G1

Jlyhq wkh xqltxhqhvv ri wkh htxloleulxp/ qrz zh fdq ixuwkhu fkdudfwhul}h wkh h�hfw

ri wkh uhfuxlwphqw qhhg rq wkh wd{ udwh1 Wkh iroorzlqj sursrvlwlrq vwdwhv wkdw wkh pruh

surgxfwlyh wkh jryhuqphqw surgxfwlrq lv/ wkh dxwrfudw fkrrvhv wkh kljkhu wd{ udwh dqg

uhfuxlwv wkh pruh zrunhuv1

Sursrvlwlrq 81 Jlyhq i dqg k/ ohw j4 dqg j5 eh wzr jryhuqphqw surgxfwlrq ixqfwlrqv/ zkhuh

j3

4+q, ? j3

5+q, iru doo q1 Ohw a�4 dqg aq4 eh wkh htxloleulxp wd{ udwh dqg qxpehu ri hpsor|hhv

xqghu j4/ dqg a�5 dqg aq5 wkrvh xqghu j51 Wkhq/ a�4 ? a�5 dqg aq4 ? aq51

<



Surri= Ohw �4 dqg �5 eh wkh lqyhuvh ixqfwlrqv ri j3

4 dqg j3

5/ uhvshfwlyho|1 Vlqfh j3

4+q, ?

j3

5+q, iru doo q/ �4+|s, ? �5+|s, iru doo |s1 Iurp wkh Sursrvlwlrq 7/ xqghu jl/ l @ 4> 5/

gxd@g� @ g}@g� . �|3

s+�,�l+�|s+�,, iru doo � 5 +�� > ��,1 Wkhq/ gxd@g� xqghu j4 lv vpdoohu wkdq

gxd@g� xqghu j5 iru doo � 5 +�� > ��, vr wkdw a�4 ? a�51 Vlqfh �|3

s+�, ? 3 iru doo � 5 +�� > ��,/ zh

kdyh �|s+a�4, A �|s+a�5,1 Jlyhq wklv dqg xvlqj wkdw j3

4+q, ? j3

5+q, iru doo q/ iurp +43,/ zh kdyh

aq4 ? aq51 T1H1G1

Lqwxlwlyho|/ li wkh dxwrfudw*v surgxfwlrq lv pruh surgxfwlyh/ wkh dxwrfudw zrxog kluh pruh

zrunhuv1 Zlwk d juhdwhu qxpehu ri zrunhuv/ wkh h�hfw ri d kljkhu wd{ udwh lq uhgxflqj wkh

zdjh sd|phqw ehfrphv juhdwhu1 Rq wkh rwkhu kdqg/ zlwk d orzhu qxpehu ri surgxfhuv/ wkh

h�hfw ri d kljkhu wd{ udwh rq udlvlqj wd{ uhyhqxh ehfrphv vpdoohu1 Wkhuhiruh/ wkh dxwrfudw

fkrrvhv d kljkhu wd{ udwh li klv surgxfwlrq lv pruh surgxfwlyh1

61 Qrq0Wd{ Srolflhv xqghu dq Dxwrfudw*v Surgxfwlrq

Wkh edvlf lghd ri wkh prgho lq Vhfwlrq 5 lv wkdw xqghu dq dxwrfudw*v surgxfwlrq/ d

orzhu lqfrph ohyho ri wkh srsxodwlrq ehqh�wv wkh dxwrfudw e| vdylqj wkh dxwrfudw rq wkh

frvwv ri hpsor|lqj klv zrunhuv1 Wkxv d kljkhu wd{ udwh ehqh�wv wkh dxwrfudw e| uhgxflqj

wkh lqfrph ohyho ri wkh srsxodwlrq1 Wklv h�hfw ri d kljkhu wd{ udwh lv edodqfhg djdlqvw

lwv h�hfw rq wd{ uhyhqxh/ olplwlqj wkh h{whqw wr zklfk wkh dxwrfudw udlvhv wkh udwh1 Wkh

uhdvrqlqj fdq eh h{whqghg eh|rqg wkh wd{ srolf| vlqfh lq jhqhudo qrq0wd{ srolflhv zrxog

d�hfw wkh lqfrph ohyho ri wkh srsxodwlrq dqg wkh wd{ uhyhqxh1 Wr hoderudwh/ vxssrvh wkdw

wkh dxwrfudw kdv wr fkrrvh ehwzhhq wzr vhwv ri srolflhv/ D dqg E/ zkhuh wkh srolflhv fdq

eh derxw dq| dvshfwv ri wkh hfrqrp|1 Li D dqg E |lhog vlplodu dprxqwv ri wd{ uhyhqxh exw

D ohdgv wr d orzhu lqfrph ohyho wkdq E/ wkh dxwrfudw zloo fkrrvh D1

Wr pdnh wklv srlqw dqdo|wlfdoo|/ ohw xv frqvlghu wkh iroorzlqj h{whqvlrq ri wkh prgho

lq Vhfwlrq 51 Lq dgglwlrq wr wd{dwlrq/ qrz wkh dxwrfudw fdq fkrrvh qrq0wd{ srolflhv zklfk

d�hfw wkh surgxfwlylw| ri wkh surgxfhu1 Ohw � A 3 eh wkh vxppdu| phdvxuh ri qrq0wd{

srolflhv1 Jlyhq i dqg k/ li wkh dxwrfudw fkrrvhv �/ wkh h�hfwlyh surgxfwlrq ixqfwlrqv ri wkh
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surgxfhu ehfrph �i+o, dqg �k+o, iru doo o1 Wkdw qrq0wd{ srolflhv d�hfw wkh surgxfwlylw| ri

wkh lqirupdo vhfwru dv zhoo dv wkdw ri wkh irupdo vhfwru lv lpsruwdqw iru wkh uhvxowv1 Wklv

lv d urxjk dvvxpswlrq exw vhhpv uhdvrqdeoh iru d ydulhw| ri srolflhv1 Iru h{dpsoh/ wkh

surylvlrq ri sxeolf jrrgv vxfk dv urdgv dqg edvlf hgxfdwlrq zrxog d�hfw wkh surgxfwlylw|

ri erwk irupdo dqg lqirupdo vhfwruv1 Wkh dxwrfudw zrxog fkrrvh � zhljklqj wkh ehqh�wv

dqg frvwv ri fkrrvlqj lwv ydulrxv ydoxhv1 Dprqj wkh frvwv zrxog eh wkh gluhfw frvwv ri lp0

sohphqwlqj srolflhv +h1j1/ wkh frvwv ri exloglqj ru ghvwur|lqj urdgv,1 Wkhvh gluhfw frvwv fdq

eh frqvlghuhg vhsdudwho| iurp wkrvh wkdw rshudwh wkurxjk wkh surgxfwlylw| ri surgxfhuv1

Wr frqvlghu qrq0wd{ srolflhv lqvridu dv wkh| uhodwh wr wkh prgho lq Vhfwlrq 5/ L zloo qrw

vshfli| wkhvh gluhfw frvwv dqg rqo| frqvlghu wkh dxwrfudw*v srolf| suhihuhqfh lq whupv ri wkh

h�hfwv ri qrq0wd{ srolflhv wkurxjk wkh surgxfwlylw| ri surgxfhuv1

Wkh gh�qlwlrq ri htxloleulxp lv dv lq Vhfwlrq 5/ doehlw wkh htxloleulxp qrz ghshqgv

rq �= lq doo htxdwlrqv/ �i dqg �j duh vxevwlwxwhg iru i dqg j1 Wr lqvxuh wkh xqltxh0

qhvv ri htxloleulxp jlyhq dq| �/ zh qrz qhhg d vrphzkdw vwurqjhu frqfdylw| dvvxps0

wlrq rq j wkdq rq sdjh <1 Iru wkh uhpdlqghu ri wkh dqdo|vlv/ dvvxph wkdw �3+|d, �
^+4 � ��,5#3+3,k+4,`@^��5i 3+3,|d` iru doo |d 5 ^j+4,> j+3,`1 Wkh iroorzlqj sursrvlwlrq fkdu0

dfwhul}hv wkh dxwrfudw*v srolf| suhihuhqfh1

Sursrvlwlrq 91 Jlyhq i / j/ dqg k/ wkhuh lv d fxw0r� �� A 3 vr wkdw dv � lqfuhdvhv/ wkh

htxloleulxp xwlolw| ri dxwrfudw axd ghfuhdvhv zkloh � ? �� dqg lqfuhdvhv zkloh � A ��1

Surri= Ohw doo yduldeohv zlwk kdwv ghqrwh wkh htxloleulxp ydoxhv/ ghwhuplqhg jlyhq �1

Frqvxowlqj wkh surri ri Sursrvlwlrq 7/ zh kdyh wkdw lq +9,3/ jlyhq �/ xd fkdqjhv frqwlqxrxvo|

dv � fkdqjhv1 Frqyhuvho|/ jlyhq � dqg wkhuhe| �{lqj o dqg q/ xd fkdqjhv frqwlqxrxvo| dv

� fkdqjhv1 Ixuwkhu/ wkh fkrlfh vhw ri � / ^3> 4`/ lv frpsdfw1 Wkhq/ e| wkh Wkhruhp ri

Pd{lpxp/ axd fkdqjhv frqwlqxrxvo| dv � fkdqjhv1 Vlqfh j3+4, ? �|s ? �|s ? j3+3,/ wkhuh duh

�4 ? 4 dqg �5 A 4 wkdw vdwlvi| �4|s @ j3+4, dqg �5|s @ j3+3,1

Wr fkdudfwhul}h gaxd@g�/ �uvw frqvlghu wkh udqjh +3> �4,1 Il{ � ? �41 Wkhuh lv �� � ��

vxfk wkdw ��|s+�, A j3+4, iru � ? �� dqg ��|s+�, � j3+4, iru � � �� / zkhuh �|s lv dv gh�qhg lq

wkh surri ri Sursrvlwlrq 71 Frqvxowlqj wkh surri ri Sursrvlwlrq 7/ zh fdq vkrz wkdw iru � 5
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+�� > ��,/ gxd@g� @ �i+�o+�,, . +4� �+�|s+�,,,+��i
3+�o+�,,,@++4� �,5#3+�o+�,,,/ dqg wkdw gxd@g�

lv ghfuhdvlqj jlyhq wkdw �3+|d, � ^+4 � ��,5#3+3,k+4,`@^��5i 3+3,|d` iru doo |d 5 ^j+4,> j+3,`1

Ixuwkhu/ dv � $ �� / �+��|s+�,, $ 4 vr wkdw gxd@g� $ �i+�o+�,, � 31 Wkxv/ gxd@g� A 3

iru doo � ? �� 1 Iru � 5 +�� > ��,/ zh kdyh �+��|s+�,, � 4 vr wkdw gxd@g� @ g}@g� � ��|3

s+�, @

�i+�o+�,, A 31 Vlqfh xd fkdqjhv frqwlqxrxvo| dv � fkdqjhv/ wkh deryh surshuwlhv ri gxd@g�

lpso| wkdw a� @ �� dqg/ frqvhtxhqwo|/ aq @ 41 Zh kdyh vkrzq wkdw iru doo � 5 +3> �4,/ a� @ ��

dqg aq @ 41 Wkhq/ iurp +9,3/ zh kdyh gaxd@g� @ ��|s+��, ? 3 iru doo � 5 ^3> �4,1

Qh{w/ frqvlghu wkh udqjh +�4> �5,1 Iru dq| jlyhq � 5 +�5> �5,/ ��|s A j3+4, dqg ��|s ?

j3+3, vr wkdw Sursrvlwlrqv 6 dqg 7 duh ydolg1 Lq sduwlfxodu/ �� ? a� ? �� dqg dw � @ a� /

gxd@g� @ �i+�o+a�,, . +4� �+��|s+a�,,,+a��i
3+�o+a�,,,@++4� a�,5#3+�o+a�,,, @ 31 Vlqfh wklv lv wuxh

iru doo � 5 +�4> �5,/ �
3 ? 3/ dqg #3 ? 3/ zh fdq vkrz wkdw a� $ �� dv � $ �4> ga�@g� ? 3> dqg

a� $ �� dv � $ �51 Qrz/ zh kdyh gaxd@g� @ Cxd@C� . +Cxd@C�,�@a� +ga�@g�, @ Cxd@C� @

a�i+�o+a�,, � �+��|s+a�,,�|s+a�,1 Dv � $ �4/ gaxd@g� $ ��|s+��, ? 3/ dqg dv � $ �5/ gaxd@g� $
��i+�o+��,, A 31 Ixuwkhu/ frqvxowlqj wkh surri ri Sursrvlwlrq 6 dqg xvlqj ga�@g� ? 3/ zh

fdq vkrz wkdw gaxd@g� lv lqfuhdvlqj iru doo � 5 +�4> �5,1 Wkhuhiruh/ wkhuh lv �� vxfk wkdw

gaxd@g� ? 3 iru � ? ��/ gaxd@g� @ 3 iru � @ ��/ dqg gaxd@g� A 3 iru � A ��1

Odvwo|/ frqvlghu wkh udqjh +�5>4,1 Wkh uhdvrqlqj lv dqdorjrxv wr wkdw iru wkh udqjh

+3> �4,/ vr rqo| wkh rxwolqh zloo eh suhvhqwhg1 Il{ � A �51 Wkhuh lv �� � �� vxfk wkdw ��|s+�, �
j3+3, iru � � �� dqg ��|s+�, ? j3+3, iru � A �� 1 Zh fdq vkrz wkdw iru � 5 +�� ? � ? ��,

dqg � 5 +��> ��,/ gxd@g� lv zhoo gh�qhg dqg qhjdwlyh1 Vlqfh xd fkdqjhv frqwlqxrxvo| dv

� fkdqjhv/ wklv lpsolhv wkdw a� @ �� dqg/ frqvhtxhqwo|/ aq @ 31 Vlqfh wklv lv wuxh iru doo

� 5 ^3> �4,/ iurp +9,3/ gaxd@g� @ �i+�o+��,, A 3 iru doo � 5 +3> �4,1

Wkh sursrvlwlrq iroorzv iurp wkh deryh wkuhh0sduw fkdudfwhul}dwlrq ri gaxd@g�1 T1H1G1

Wkxv pruh surgxfwlyh surgxfhuv pd| ru pd| qrw eh jrrg iru wkh dxwrfudw1 Lqwxlwlyho|/

li wkh +suh0srolf|, surgxfwlylw| ri wkh surgxfhuv lv kljk hqrxjk/ wkh wd{ uhyhqxh lv odujh

hqrxjk vr wkdw wkh dxwrfudw*v frqfhuq iru wkh wd{ uhyhqxh rxwzhljkv klv frqfhuq iru wkh

frvwv ri klulqj zrunhuv1 Wkxv wkh dxwrfudw lv ehwwhu r� zlwk d kljkhu surgxfwlylw| ri wkh

surgxfhuv/ zklfk ohdgv wr juhdwhu wd{ uhyhqxh dqg kljkhu hpsor|phqw frvwv1 Rq wkh rwkhu

kdqg/ li wkh +suh0srolf|, surgxfwlylw| ri wkh surgxfhuv lv orz hqrxjk/ wkh wd{ uhyhqxh lv

vpdoo hqrxjk vr wkdw wkh dxwrfudw*v frqfhuq iru wkh frvwv ri klulqj zrunhuv rxwzhljkv klv

frqfhuq iru wd{ uhyhqxh1 Frqvhtxhqwo|/ wkh dxwrfudw suhihuv d orzhu surgxfwlylw| ri wkh

surgxfhuv/ zklfk ohdgv wr ohvv wd{ uhyhqxh dqg orzhu hpsor|phqw frvwv1 Lq wklv odwwhu
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fdvh/ wkhq wkh dxwrfudw pd| fkrrvh qrq0wd{ srolflhv wkdw uhgxfh wkh surgxfwlylw| ri wkh

surgxfhuv1

Qrwh wkdw lq fkrrvlqj wkh qrq0wd{ srolflhv �/ wkh wudgh0r� ehwzhhq wkh wd{ uhyhqxh dqg

wkh hpsor|phqw frvwv ghshqgv rq wkh ixqfwlrqv i dqg k/ zklfk ghwhuplqh wkh +suh0srolf|,

surgxfwlylw| ri wkh surgxfhuv/ rq wkh rqh kdqg/ dqg rq wkh ixqfwlrq j/ zklfk ghwhuplqhv

wkh surgxfwlylw| ri wkh dxwrfudw*v surgxfwlrq/ rq wkh rwkhu1 Wkh iroorzlqj sursrvlwlrq

fkdudfwhul}hv wkh h�hfw ri wkh surgxfwlylw| ri wkh dxwrfudw*v surgxfwlrq rq klv qrq0wd{

srolf| suhihuhqfhv1

Sursrvlwlrq :1 Jlyhq i dqg k/ ohw j4 dqg j5 eh wzr jryhuqphqw surgxfwlrq ixqfwlrqv/ zkhuh

j3

4+q, ? j3

5+q, iru doo q1 Ohw ��4 dqg ��5 eh wkh uhvshfwlyh fxw0r� ydoxhv ri qrq0wd{ srolflhv1

Wkhq ��4 ? ��51

Surri= Ohw wkh yduldeohv vxevfulswhg zlwk 4 fruuhvsrqg wr j4 dqg wkh yduldeohv vxevfulswhg

zlwk 5 fruuhvsrqg wr j51 Iurp wkh surri ri Sursrvlwlrq 8/ �4+|s, ? �5+|s, iru doo |s1

Iurp wkh surri ri Sursrvlwlrq 9/ zh kdyh b�4 ? b�5 dqg ��5 ? ��51 Li ��4 � b�5/ ��4 ? ��5 vlqfh
b�4 ? ��4 ? ��4 dqg b�4 ? ��4 ? ��41 Li ��4 A b�5/ iurp Sursrvlwlrq 8/ zh fdq vkrz wkdw xqghu

dw � @ ��4/ a�4 ? a�51 Ixuwkhu/ iurp wkh surri ri Sursrvlwlrq 9/ zh kdyh wkdw dw � @ ��4 dqg

xqghu hdfk ri jl/ l @ 4> 5/ gaxd@g� @ a�li+�o+a�l,, � �l+��4�|s+a�l,,�|s+a�l,1 Xvlqj a�4 ? a�5 dqg

�4 ? �5 dqg frqvxowlqj Sursrvlwlrq 7/ zh fdq vkrz wkdw wkh uljkwkdqg vlgh ri wklv htxdwlrq

ghfuhdvhv dv �4 dqg a�4 fkdqjh wr �5 dqg a�51 Vlqfh gaxd@g� @ 3 dw ��4 xqghu j4/ gaxd@g� ? 3

dw ��4 xqghu j51 Jlyhq wklv/ frqvxowlqj wkh surri ri Sursrvlwlrq 9 rqfh djdlq/ zh fdq vkrz

wkdw ��4 ? ��51 T1H1G1

Wkxv/ li wkh dxwrfudw*v surgxfwlrq lv pruh surgxfwlyh/ lw lv pruh olnho| iru klp wr suhihu

orzhu surgxfwlylw| ri wkh surgxfhuv1 Lqwxlwlyho|/ li klv rzq surgxfwlrq lv pruh surgxfwlyh/

wkh dxwrfudw zrxog hpsor| pruh zrunhuv dqg klv wrwdo zdjh sd|phqw zrxog eh kljkhu1

Frqvhtxhqwo|/ kh lv pruh frqfhuqhg derxw orzhulqj wkh hpsor|phqw frvwv dqg wkxv pruh

zloolqj wr fkrrvh srolflhv wr wkdw h�hfw1
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71 Glvfxvvlrq

Wkh uhvxowv ri wkh dqdo|vlv lq Vhfwlrqv 5 dqg 6 fdq eh vxppdul}hg dv iroorzv1 Lq dq

hqylurqphqw zkhuh dq dxwrfudw wd{hv surgxfhuv dqg hpsor|v zrunhuv iru klv rzq surgxf0

wlrq/ wkh wd{ udwh ghwhuplqhv qrw rqo| wkh surgxfhu*v lqfrph exw dovr wkh zdjh udwh ri

wkh zrunhuv1 D kljkhu wd{ udwh uhgxfhv wkh surgxfhu*v lqfrph dqg/ xqghu iuhh prelolw| ri

oderu/ wklv uhgxfhv wkh zdjh udwh wkdw wkh dxwrfudw kdv wr r�hu wr klv zrunhuv1 Wkxv/ dq

rzq0lqfrph0pd{lpl}lqj dxwrfudw vhwv wkh wd{ udwh deryh wkh uhyhqxh0pd{lpl}lqj udwh1 Lq

rwkhu zrugv/ wkh fkrvhq wd{ udwh olhv rq wkh edfnzdug0ehqglqj sduw ri wkh Od�hu fxuyh1

Wkh juhdwhu wkh surgxfwlylw| ri wkh dxwrfudw*v surgxfwlrq +uhodwlyh wr wkh surgxfwlylw| ri

surgxfhuv, lv/ wkh kljkhu wkh wd{ udwh lv1 Ixuwkhu/ wkh dxwrfudw pd| zdqw wr uhsuhvv wkh

surgxfwlylw| ri surgxfhuv wkurxjk qrq0wd{ srolflhv1 Djdlq/ wkh juhdwhu wkh surgxfwlylw|

ri wkh dxwrfudw*v surgxfwlrq +uhodwlyh wr wkh srolf|0iuhh surgxfwlylw| ri surgxfhuv, lv/ wkh

juhdwhu wkh lqfhqwlyh iru wkh dxwrfudw wr uhsuhvv wkh surgxfwlylw| ri surgxfhuv lv1

Ohw ph qrwh vrph ri wkh hvvhqwldo dqg prgl�deoh hohphqwv ri wkh vwru|1 Iluvw/ hvvhqwldo

iru wkh vwru| lv wkdw wkh dxwrfudw frxog vxshuylvh vrph exw qrw doo ri wkh surgxfwlrq lq wkh

hfrqrp|1 Wklv pd| eh ehfdxvh wkh dxwrfudw fdqqrw sk|vlfdoo| ru wlph0zlvh vxshuylvh doo

ri wkh surgxfwlrq= dv kh vxshuylvhv pruh/ wkh h�hfwlyhqhvv ri vxshuylvlrq glplqlvkhv/ dqdo0

rjrxv wr wkh pdqdjhu*v olplwhg cvsdq ri frqwuro* lq wkh wkhru| ri lqgxvwuldo rujdql}dwlrq1

Pruh lpsruwdqwo|/ wkhuh pd| eh gl�huhqw w|shv ri surgxfwlrq/ vrph pruh vxshuylvdeoh

wkdq rwkhuv1 Pruh vxshuylvdeoh surgxfwlrq lqfoxgh plolwdu| rshudwlrqv/ sodqwdwlrq sur0

gxfwlrq/ dqg plqhudo h{wudfwlrq1 Ohvv vxshuylvdeoh surgxfwlrq lqfoxgh shdvdqw iduplqj

dqg frpphufh1 Li wkh dxwrfudw frxog hdvlo| vxshuylvh doo ri wkh surgxfwlrq lq wkh hfrqrp|/

wkhuh zloo eh qr sulydwh surgxfwlrq/ dqg frqvhtxhqwo| srolf| rq sulydwh surgxfwlrq zrxog

qrw eh dq lvvxh1 Li wkh dxwrfudw frxog qrw vxshuylvh dq| ri wkh surgxfwlrq/ wkhuh zloo eh qr

zrunhuv zrunlqj iru klp/ dqg frqvhtxhqwo| wkhuh zrxog eh qr lqfhqwlyh iru wkh dxwrfudw wr

uhsuhvv wkh lqfrph ohyho ri wkh sulydwh surgxfhuv1 Rqo| zkhq wkh dxwrfudw frxog vxshuylvh
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vrph exw qrw doo ri wkh surgxfwlrq lq wkh hfrqrp|/ zrxog kh vxshuylvh vrph surgxfwlrq

dqg wd{ wkh uhvw1

Vhfrqg/ lq wkh vwru| wkh dxwrfudw fdq eh uhsodfhg e| d uxolqj fodvv ru dq holwh zkr

fdq dfw dv d xqlw wr pd{lpl}h wkh wrwdo lqfrph ri wkh phpehuv1 Hvvhqwldo iru wkh vwru| lv

wkh glvwlqfwlrq ehwzhhq wkh uxolqj fodvv dqg lwv zrunhuv1 Lq dq dqdorj| zlwk wkh rshudwlrq

ri d �up/ wkh glvwlqfwlrq lv ehwzhhq wkh vkduhkroghuv dqg wkh hpsor|hhv= wkh vkduhkroghuv

froohfwlyho| zdqw wr pd{lpl}h wkhlu uhwxuq e|/ dprqj wkh ydulrxv phdqv/ plqlpl}lqj wkh

zdjh sd|phqw wr wkh hpsor|hhv1 Wkxv/ plolwdu| ohdghuv dqg kljk0ohyho exuhdxfudwv zrxog

ehorqj wr wkh uxolqj fodvv1 Udqn0dqg0�oh vroglhuv dqg plqru exuhdxfudwv zrxog qrw1 Wklug/

wkh zdjh udwh ri wkh dxwrfudw*v zrunhuv gr qrw qhhg wr eh wkh vdph dv wkh lqfrph ri

wkh surgxfhu1 Wkh dxwrfudw pd| zdqw wr sd| pruh/ iru h{dpsoh/ dv d zd| ri errvwlqj

or|dow|1 Dv d uhvxow/ wkh dxwrfudw*v zrunhuv pd| frppdqg d kljkhu lqfrph ohyho wkdq

wkh surgxfhuv1 Hvvhqwldo iru wkh vwru| lv wkdw/ uhjdugohvv ri wkh vl}h ri wklv suhplxp/ wkh

dxwrfudw fdq uhgxfh wkh zdjh udwh ri klv zrunhuv e| uhgxflqj wkh rssruwxqlw| frvw ri

zrunlqj iru klp/ wkdw lv/ wkh lqfrph ohyho ri wkh surgxfhuv1

L gr qrw kdyh gluhfw hylghqfh wkdw wkh lqfhqwlyh wr uhsuhvv wkh lqfrph ohyho ri surgxfhuv

prghohg lq wklv sdshu lv lpsruwdqw lq srolf| pdnlqj lq wkh dxwrfudwlf uhjlphv1 Krzhyhu/

wkh nlqg ri hqylurqphqw wkdw wkh vwru| uhtxluhv dqg wkh nlqg ri rxwfrph wkdw wkh vwru|

whoov fdq eh revhuyhg lq ydulrxv frxqwulhv1 Wkh plolwdulvwlf uhjlphv ri wkh Rwwrpdq hpsluh

dqg wkh Lqgldq Pxjkdo hpsluh zhuh frqtxhuruv iurp Fhqwudo Dvld/ dqg kdg olwwoh lqwhuhvw

lq wkh zhoiduh ri wkh orfdo srsxodwlrqv1 Vshdnlqj ri wkh Rwwrpdq hpsluh/ Lqdofln +4<9<,

vwdwhv/ _doo fodvvhv ri vrflhw| dqg doo vrxufhv ri zhdowk zhuh uhjdughg dv reoljhg wr suhvhuyh

dqg surprwh wkh srzhu ri wkh uxohu1 111 Wkh srsxodfh zdv uhjdughg dv iruplqj wzr pdlq

jurxsv0wkrvh zkr uhsuhvhqwhg wkh uxohu*v dxwkrulw| +wkh dgplqlvwudwruv/ wkh wurrsv/ wkh phq

ri uholjlrq,/ dqg wkh ruglqdu| vxemhfwv> wkh iruphu zhuh qrw frqfhuqhg zlwk surgxfwlrq dqg

sdlg qr wd{hv/ zkloh wkh odwwhu zhuh wkh surgxfhuv dqg wkh wd{0sd|huv1% Qrwh wkdw wkh wzr

jurxsv ri srsxodwlrq wkdw Lqdofln glvwlqjxlvkhv duh h{foxvlyh ri wkh uxohu1 Flwlqj Prruodqg
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+4<:5,/ Mrqhv +4<;:, wdonv derxw _sdudvlwhv dqg srolfhphq% lq wkh Pxjkdo Hpsluh/ zkr

olyhg r� surgxfhuv1 Kh jrhv rq wr vd|/ _Vlqfh prvw sdudvlwhv olyhg qr ehwwhu wkdq wkh

shdvdqwv/ d yhu| odujh sursruwlrq ri wrwdo lqfrph zdv ehlqj vkduhg dprqj d wlq| holwh ri

qrq0surgxfhuv1% Wkxv lw dsshduv wkdw lq wkhvh hpsluhv/ wkhuh zhuh wkuhh jurxsv ri shrsoh/

d wlq| uxolqj fodvv/ shrsoh hpsor|hg e| wkh uxolqj fodvv iru ydulrxv uhdvrqv/ dqg wkh uhvw ri

wkh srsxodwlrq/ dqg wkh vhfrqg jurxs zdv rqo| pdujlqdoo| ehwwhu r� wkdq wkh wklug1 Wkh

vl}h ri wkh vhfrqg jurxs pd| kdyh ehhq txlwh odujh1 Iru wkh Pxjkdo hpsluh/ Kdele +4<9<,

vxjjhvwv vroglhuv qxpehulqj ryhu 53 ploolrq lq 48<8 rxw ri d srsxodwlrq rq wkh rughu ri

433 ploolrq1 Kh dovr phqwlrqv wkdw vrph phpehuv ri wkh uxolqj fodvv zhuh dovr hqjdjhg lq

nkxg0ndvkw prgh ri surgxfwlrq/ d odujh0vfdoh fxowlydwlrq ri fdvk fursv xvlqj kluhg oderu1

Wklv prgh ri surgxfwlrq hqfurdfkhg xsrq shdvdqw surgxfwlrq/ exw lwv h{sdqvlrq zdv

frqvwudlqhg e| wkh olplwv ri vxshuylvlrq dqg ri dssolfdelolw| iru qrq0fdvk fursv1 Jlyhq

wkdw wkh uxolqj fodvv hpsor|hg d vl}deoh qxpehu ri shrsoh/ lw pd| kdyh kdg dq lqfhqwlyh wr

uhgxfh wkh zdjh sd|phqw e| uhsuhvvlqj wkh lqfrph ohyho ri wkh surgxfhuv1 Dqg wkh srolf|

zdv uhsuhvvlyh lq wkhvh hpsluhv1 Kdele +4<9<, vxjjhvwv d wd{ udwh ri pruh wkdq 83(4

iru shdvdqw surgxfwlrq lq wkh Pxjkdo hpsluh1 Mrqhv +4<;:, vwdwhv wkdw _Wkh Rwwrpdq

hpsluh 111 rshudwh^g` dq hfrqrplf v|vwhp wkdw uhvwhg rq frq�vfdwlrq/ ghvsrlophqw/ dqg

d wrwdo/ fdofxodwhg/ lqvhfxulw| ri olih dqg surshuw|/% dqg lq wkh Pxjkdo Hpsluh _Hvfdsh

iurp lpsryhulvkphqw czdv eduuhg h�hfwlyho| e| wkh dgplqlvwudwlyh phwkrgv 111 zklfk

111 uhjdughg hyhu| lqglfdwlrq ri lqfuhdvhg frqvxpswlrq dv d vljqdo iru iuhvk h{wruwlrq*

+Pruhodqg 4<:5,1%

Wxuqlqj wr pruh uhfhqw h{dpsohv/ wkh dxwrfudwlf uhjlphv ri Wuxmloor lq wkh Grplqlfdq

Uhsxeolf +4<6304<94, dqg Prexwx lq ]dluh +4<9804<<:, zhuh zloolqj wr hqulfk d qduurz

flufoh ri shrsoh dw wkh h{shqvh ri wkh uhvw ri wkh srsxodwlrq1 Vxjdu surgxfwlrq iurp

4 Oihi |�i |@ �?U*�_it �*@?_ hi�i?�ic L|�ih _�it @?_ U*@�4t M) t�Tih�Lht�< W| �t ?L| U*i@h ��i|�ih |��t

�?U*�_it hi?|� ,�i? �u �| _�_c |�i t�3i Lu hi?| �@t L?*) �f |L 2DI Lu |�i t�3i Lu |�i *@?_ hi�i?�ic ���U� �t

i U*�t��i Lu |�i hi?|�
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vxjdufdqh/ dq h{fhoohqw h{dpsoh ri d odujh vfdoh sodqwdwlrq furs/ lv d pdmru vhfwru lq wkh

Grplqlfdq Uhsxeolf1 Wuxmloor*v sulpdu| phdqv ri hqulfkphqw zdv vxjdu surgxfwlrq1 Kh

vhl}hg d odujh sruwlrq ri odqg e| iruflqj shdvdqwv r� wkhlu odqg/ dqg lqfuhdvhg vxjdufdqh

surgxfwlrq1 Kh dovr rzqhg wkh prvw ri vxjdu ploov1 Wkh pdmrulw| ri uxudo Grplqlfdqv

rzqhg olwwoh odqg dqg uholhg rq zdjh oderu/ dqg vxjdu surgxfwlrq zdv d pdmru vrxufh ri

zrun iru wkhp1 Lq wklv vlwxdwlrq/ Wuxmloor pd| kdyh zdqwhg wr orzhu wkh zdjh udwh e|

uhsuhvvlqj wkh shdvdqw iduplqj dqg rwkhu sulydwh surgxfwlrq1 Qrw lqfrqvlvwhqw zlwk wklv

prwlydwlrq/ kh qhjohfwhg djulfxowxuh rwkhu wkdq vxjdu surgxfwlrq1 Wkh shdvdqw surgxfwlrq

zdv pxfk ohvv prghuql}hg dqg pxfk ohvv surgxfwlyh wkdq prvw ri wkh rwkhu Odwlq Dphulfdq

frxqwulhv1 Lq ]dluh/ wkh plqlqj dqg surfhvvlqj ri frsshu/ gldprqgv/ dqg rwkhu plqhudov

lv d pdmru vhfwru ri wkh hfrqrp|/ dqg lw zdv d pdmru vrxufh ri hqulfkphqw iru Prexwx*v

uhjlph1 Qrwdeo|/ zkhq Prexwx fdph wr srzhu/ kh wxuqhg wkh jldqw plqlqj �up XPKN

lqwr wkh sdudvwdwdo Jhfdplqhv/ zkrvh sur�wv zhuh vxevhtxhqwo| glyhuwhg wr wkh uhjlph1

Djdlq/ qrw lqfrqvlvwhqw zlwk wkh vwru| lq wklv sdshu/ klv srolf| wrzdug sulydwh surgxfwlrq

zdv yhu| srru1 Iru lqvwdqfh/ wrzdug wkh hqg ri klv uhjlph/ _e| vrph hvwlpdwhv/ dv olwwoh dv

43 shufhqw ri wkh urdg qhwzrun lq h{lvwhqfh dw lqghshqghqfh zdv vwloo ixqfwlrqlqj% +Phglwv

dqg Phuuloo 4<<6,1 Gxh wr klv srolf|/ xqghu klv uhjlph wkh djulfxowxudo vhfwru ghwhulrudwhg

wr wkh srlqw ri kdylqj wr lpsruw irrg/ dqg wkh lqirupdo vhfwru edoorrqhg wr eh wkuhh wlphv

dv odujh dv wkh irupdo vhfwru1

Wkh deryh h{dpsohv ri uhjlphv wkdw uhsuhvvhg wkh sulydwh vhfwru fdq eh frqwudvwhg

zlwk rwkhu pruh prghudwh uhjlphv1 Uhodwlyh wr wkh Rwwpdq dqg Pxkjdo hpsluhv/ Fklqd

dqg Hxurshdq frxqwulhv zhuh pruh iulhqgo| wrzdug sulydwh surgxfhuv1 Ihxhuzhunhu +4<;7,

hvwlpdwh wkh wd{ uhyhqxh dv d shufhqwdjh ri qdwlrqdo lqfrph wr eh 8 wr 46( gxulqj Vrqj/

Plqj/ dqg Tlqj g|qdvwlhv/ dqg vxjjhvwv wkdw wklv lv frpsdudeoh wr suhlqgxvwuldo Hxursh1

Shunlqv +4<9:, wdnhv wkh ylhz wkdw wkh Fklqhvh jryhuqphqw zdv qrw d klqgudqfh iru lq0

gxvwuldol}dwlrq lq wkh 4<wk fhqwxu| dowkrxjk qhlwkhu glg lw surprwh lqgxvwuldol}dwlrq1 Ri

frxuvh/ lqgxvwuldol}dwlrq glg wdnh sodfh �uvw lq Hxursh/ odujho| gulyhq e| wkh sulydwh vhfwru1
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Lw lv qrwdeoh wkdw/ h{fhsw iru eulhi shulrgv ri iruhljq grplqdwlrq/ Fklqd zdv qrw dv plol0

wdulvwlf dv wkh Rwwrpdq dqg Pxjkdo hpsluhv1 Qhlwkhu zdv Hxursh1 Wklv lv frqvlvwhqw zlwk

wkh vwru| lq wklv sdshu= zlwk ohvv qhhg iru plolwdu| uhfuxlwphqw/ wkhuh lv ohvv qhhg iru vho�vk

dxwrfudwv wr uhsuhvv wkh sulydwh surgxfhuv15 Lq wkh pruh uhfhqw sdvw/ Ohh Nxdq \x*v uhjlph

lq Vlqjdsruh +4<8<04<;<, dqg Sdun Mxqj Khh*v lq Vrxwk Nruhd +4<9404<:<, lpsohphqwhg

srolf| wkdw surprwhg wkh sulydwh vhfwru/ lq vkdus frqwudvw wr wkh uhjlphv ri Wuxmloor dqg

Prexwx1 Lw lv qrwdeoh wkdw Vlqjdsruh dqg Vrxwk Nruhd qhlwkhu kdyh d sodqwdwlrq hfrqrp|

olnh wkh Grplqlfdq Uhsxeolf qru kdyh odujh plqhudo uhvrxufhv dv lq ]dluh1 Wklv lv djdlq

frqvlvwhqw zlwk wkh vwru| lq wklv sdshu= zlwk qr qhhg iru uhfuxlwlqj zrunhuv iru sodqwdwlrqv

ru plqhv/ wkhuh lv ohvv qhhg iru dxwrfudwv wr uhsuhvv wkh sulydwh vhfwru1

81 FRQFOXVLRQ

Lq wklv sdshu/ L sursrvhg d uhdvrq zk| dq dxwrfudwlf uhjlph pd| lpsohphqw srolflhv

wkdw duh kdupixo wr sulydwh surgxfhuv/ vxfk dv h{fhvvlyh wd{dwlrq/ frq�vfdwlrq/ dqg qhjohfw

ri sxeolf jrrgv1 Wkh edvlf lghd lv wkdw li wkh dxwrfudw hqjdjhv lq klv rzq surgxfwlrq/ edg

srolflhv fdq ehqh�w klp e| orzhulqj wkh lqfrph ohyho ri wkh srsxodwlrq dqg wkhuhe| uhgxflqj

wkh zdjh sd|phqw iru klv zrunhuv1 Wkh vwru| lv khosixo lq xqghuvwdqglqj edg srolflhv wkdw

zhuh suhvhqw lq plolwdulvwlf uhjlphv ri wkh Rwwrpdq dqg Pxjkdo hpsluhv/ Wuxmloor*v uhjlph

lq wkh sodqwdwlrq0edvhg hfrqrp| ri wkh Grplqlfdq Uhsxeolf/ dqg Prexwx*v uhjlph lq

plqhudo0ulfk ]dluh1 Lq doo ri wkhvh h{dpsohv/ wkh dxwrfudwv hqmr|hg orqj whqxuh/ vsdqqlqj

ghfdghv ru pruh/ dqg vhhp wr kdyh ehhq vhfxuh lq srzhu1 Wkhuhiruh/ h{sodqdwlrqv edvhg

rq vkruw whqxuh vhhp lqdssolfdeoh1 Dqrwkhu uhdvrq iru edg srolflhv xqghu orqj0whqxuhg
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dxwrfudwv pd| eh wkdw edg srolflhv duh vrphkrz khosixo lq h{whqglqj whqxuh/ dv sursrvhg

e| Urelqvrq +4<<:e,1 L frqvlghu wkh vwru| lq wklv sdshu wr eh d frpsohphqw wr udwkhu wkdq

d vxevwlwxwh iru Urelqvrq*v1

4<
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