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41 Lqwurgxfwlrq

Wkh srvwzdu qhrfodvvlfdo wkhru| ri qrupdwlyh sxeolf �qdqfh kdv ehhq zulwwhq
iurp d Sljryldq shuvshfwlyh1 Lw dgguhvvhv txhvwlrqv derxw rswlpdo wd{dwlrq dqg
doorfdwlrq ri sxeolf jrrgv iurp wkh shuvshfwlyh ri d ehqhyrohqw vrfldo sodqqhu1 Wklv
�hog ri uhvhdufk kdv surgxfhg pdq| lpsruwdqw sulqflsohv dqg lqvljkwv uhjduglqj
zkdw jryhuqphqwv vkrxog gr1 Lw qhyhuwkhohvv vx�huv iurp dq lpsruwdqw zhdnqhvv/
zklfk kdv ehhq irufhixoo| srlqwhg rxw e| wkh Sxeolf Fkrlfh vfkrro= lw qhjohfwv
wkdw srolwlfdo uhsuhvhqwdwlyhv udwlrqdoo| iroorz wkhlu vhoi0lqwhuhvwv1 Wkh Ohyldwkdq
shuvshfwlyh wr sxeolf �qdqfh/ riwhq dgrswhg e| wkh sxeolf fkrlfh vfkrro/ uhsodfhv
wkh ehqhyrohqw vrfldo sodqqhu e| d pdohyrohqw srolwlfldq/ zkr lv vhwwlqj srolf|
vr dv wr pd{lpl}h klv rzq uhqwv1 Wkh Ohyldwkdq dssurdfk/ wrr/ vx�huv iurp dq
lpsruwdqw zhdnqhvv= lw qhjohfwv krz ghprfudwlf srolwlfdo lqvwlwxwlrqv frqvwudlq
hohfwhg srolwlfldqv wr doljq wkhlu ehkdylru zlwk yrwhuv* lqwhuhvwv1 Rssrvlqj wkh
Sljryldq dqg wkh Ohyldwkdq prghov ri srolf| fkrlfh lv qrw hqrxjk1 Zh pxvw
lqvwhdg wu| wr exlog d eulgjh ehwzhhq wkhvh dssurdfkhv14

Ghprfudwlf lqvwlwxwlrqv zlwk hohfwrudo dffrxqwdelolw| dqg vhsdudwlrq ri srzhuv
duh lqghhg ghvljqhg wr surwhfw flwl}hqv iurp wkh dexvh ri srolwlfdo srzhuv1 Krz
zhoo gr wkhvh lqvwlwxwlrqv lqgxfh vhoi0lqwhuhvwhg srolwlfldqv wr dfw lq wkh sxeolf*v
lqwhuhvwB Krz gr gl�huhqw srolwlfdo v|vwhpv shuirup lq surylglqj sxeolf jrrgv/
uhglvwulexwlrq dqg orfdo sxeolf jrrgv/ dqg lq suhyhqwlqj zdvwhixo glyhuvlrq ri
uhvrxufhvB Krz pxfk uhyhqxh lv udlvhg xqghu wkhvh gl�huhqw srolwlfdo v|vwhpv B
Wkhvh duh wkh jhqhudo txhvwlrqv zh dgguhvv lq wklv sdshu1 Lq sduwlfxodu zh frpsduh
wkh �vfdo srolf| fkrlfhv pdgh xqghu wzr eurdg w|shv ri srolwlfdo v|vwhpv/ qdpho|
sduoldphqwdu| yhuvxv suhvlghqwldo0frqjuhvvlrqdo v|vwhpv1

Uhdo zruog srolwlfdo frqvwlwxwlrqv glvsod| d ydulhw| ri gl�huhqfhv lq pdq| gl0
phqvlrqv1 Qhyhuwkhohvv/ wkh frpsdudwlyh srolwlfdo vflhqfh olwhudwxuh srlqwv wr vrph
v|vwhpdwlf gl�huhqfhv ehwzhhq sduoldphqwdu| dqg suhvlghqwldo frqjuhvvlrqdo v|v0
whpv +vhh h1j1 Olmskduw +4<<5,,1 Wzr vdolhqw gl�huhqfhv kdyh wr gr zlwk wkh
h{hfxwlyh1 Zkhuhdv wkh h{hfxwlyh lv gluhfwo| hohfwhg lq suhvlghqwldo0frqjuhvvlrqdo
v|vwhpv/ lw lv rqo| lqgluhfwo| dffrxqwdeoh wr wkh hohfwrudwh lq sduoldphqwdu| v|v0
whpv/ zkhuh lw ghulyhv lwv srzhuv iurp wkh vxssruw ri d sduoldphqwdu| pdmrulw|1
Dqg/ zkhuhdv wkh suhvlghqw lv d vlqjoh shuvrq h{hfxwlyh/ fdelqhwv lq sduoldphqwdu|
ghprfudflhv duh d froohfwlyh h{hfxwlyh lqyroylqj srolwlfldqv zlwk vxssruw iurp d
frdolwlrq ri frqvwlwxhqflhv dqg riwhq ri sduwlhv1 D wklug gl�huhqfh kdv wr gr zlwk

4Gl{lw +4<<9, hqwkxvldvwlfdoo| dujxhv iru d pruh xql�hg dssurdfk wr wkh dqdo|vlv ri sxeolf
srolf|/ gudzlqj rq wkh lqvljkwv iurp erwk wkh Sxeolf Fkrlfh dqg wkh Sljryldq wudglwlrq1
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wkh djhqgd vhwwlqj srzhuv ryhu ohjlvodwlrq1 Lq suhvlghqwldo v|vwhpv dv wkh XV/
wkhvh riwhq uhvlgh zlwk srzhuixo frqjuhvvlrqdo frpplwwhhv/ exw lq sduoldphqwdu|
v|vwhpv/ djhqgd vhwwlqj srzhuv lqvwhdg uhvlgh zlwk wkh fdelqhw plqlvwulhv1 D �qdo
gl�huhqfh lv wkh ghjuhh ri ohjlvodwlyh frkhvlrq= lw lv txlwh frpprq lq suhvlghqwldo0
frqjuhvvlrqdo v|vwhpv wkdw ohjlvodwlyh pdmrulwlhv vkliw iurp lvvxh wr lvvxh/ exw lq
sduoldphqwdu| v|vwhpv uhsuhvhqwdwlyhv iurp sduwlhv ri wkh jryhuqphqw frdolwlrq
lqvwhdg yrwh forvho| wrjhwkhu rq ohjlvodwlyh sursrvdov1 Qrwlfh wkdw wklv lq qrw rqo|
d pdwwhu ri sduw| glvflsolqh1 Lqghhg/ wkh ohjlvodwlyh frkhvlrq ehwzhhq sduwlhv vxs0
sruwlqj frdolwlrq jryhuqphqwv lv w|slfdoo| pxfk kljkhu wkdq wkh frkhvlrq zlwklq
sduwlhv lq wkh XV frqjuhvv1

Uhfhqw zrun e| Glhuphlhu dqg Ihgghuvhq +4<<9, surylghv d udwlrqdoh iru zk|
wkhvh gl�huhqw ihdwxuhv pd| jr wrjhwkhu1 Dv Glhuphlhu dqg Ihgghuvhq ghprq0
vwudwh/ ohjlvodwlyh frkhvlrq dulvhv hqgrjhqrxvo| li lw lv frvwo| iru d pdmrulw| frdol0
wlrq wr euhdn xs1 Lq wkh sduoldphqwdu| v|vwhp/ wkhvh frvwv dulvh qdwxudoo|= d
glvvhqwlqj yrwh iurp zlwklq wkh jryhuqlqj frdolwlrq fdq pdnh wkh jryhuqphqw idoo/
ghsulylqj wkh frdolwlrq sduwqhuv ri ydoxdeoh djhqgd0vhwwlqj srzhuv dvvrfldwhg zlwk
plqlvwhuldo sruwirolrv1 Lq d suhvlghqwldo v|vwhp/ rq wkh frqwudu|/ qr vwdeoh frqjuhv0
vlrqdo pdmrulw| qhhgv wr irup wr vxssruw wkh h{hfxwlyh/ dv wkh odwwhu lv gluhfwo|
hohfwhg1 Ixuwkhupruh/ wkh djhqgd vhwwlqj srzhuv ryhu ohjlvodwlrq w|slfdoo| uhvlgh
zlwk srzhuixo frqjuhvvlrqdo frpplwwhhv1 Zh exlog rq wklv lqvljkw1 Rxu dqdo|vlv
lpsolhv juhdwhu ohjlvodwlyh frkhvlrq lq sduoldphqwdu| v|vwhpv/ dqg wklv gl�huhqfh
ehwzhhq suhvlghqwldo dqg sduoldphqwdu| v|vwhpv lqghhg gulyhv vrph ri wkh vwdun
gl�huhqfhv lq sxeolf �qdqfh rxwfrphv wkdw zh ghulyh1

Zh dovr frqwlqxh rxu lqyhvwljdwlrq/ lqlwldwhg lq Shuvvrq/ Urodqg dqg Wdehoolql
+4<<:,/ rq krz dowhuqdwlyh frqvwlwxwlrqdo uxohv dqg hohfwrudo dffrxqwdelolw| khos
frqwdlq wkh uhqwv wkdw fdq eh fdswxuhg e| vhoi0lqwhuhvwhg srolwlfldqv1 Wkxv/ zh
vwxg| gl�huhqw ohjlvodwlyh edujdlqlqj jdphv hpehgghg lq dq hohfwrudo iudphzrun/
zkhuh yrwhuv xvh wkhlu yrwh wr rxvw srolwlfldqv qrw gholyhulqj vdwlvidfwru| shuiru0
pdqfh1 D fuxfldo glvwlqfwlrq ehwzhhq suhvlghqwldo0frqjuhvvlrqdo dqg sduoldphq0
wdu| v|vwhpv/ zklfk gulyhv vrph ri rxu uhvxowv/ lv wkh fohduhu vhsdudwlrq ri srzhuv
lq suhvlghqwldo v|vwhpv1 Wkh vhsdudwlrq ri srzhuv ehwzhhq wkh suhvlghqw dqg
frqjuhvv pdnhv lw srvvleoh wr kdyh �glylghg jryhuqphqw� +vhh Dohvlqd dqg Urvhq0
wkdo +4<<9, dqg Fkdul/ Mrqhv dqg Pdulprq +4<<:,, zlwk d pdmrulw| lq Frqjuhvv
gl�huhqw iurp wkh suhvlghqw1 Pruh lpsruwdqw lq rxu dqdo|vlv lv wkh vhsdudwlrq
ri srzhuv ehwzhhq lqglylgxdo ohjlvodwruv dqg frqjuhvvlrqdo frpplwwhhv1 Wkh de0
vhqfh ri hqgrjhqrxv lqfhqwlyhv iru ohjlvodwlyh frkhvlrq doorzv yrwhuv wr h{sorlw wkh
frq lfwv ri lqwhuhvwv ehwzhhq vhsdudwh djhqgd0vhwwhuv1 Wkh vwurqjhu vhsdudwlrq ri
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srzhuv fxp odfn ri ohjlvodwlyh frkhvlrq lq Suhvlghqwldo0Frqjuhvvlrqdo v|vwhpv pd|
wkhuhiruh suhyhqw zdvwhixo frooxvlrq ehwzhhq srolwlfldqv1 Exw lw pd| dovr lqgxfh
zhdnhu lqfhqwlyhv wr surylgh joredo sxeolf jrrgv dqg vwurqjhu lqfhqwlyhv wr idyru
wkh lqwhuhvwv ri orfdo frqvwlwxhqflhv1

Vhfwlrq 5 ri wkh sdshu lqwurgxfhv vrph qrwdwlrq dqg od|v rxw rxu sxeolf �qdqfh
iudphzrun1 Zh vwxg| d jryhuqphqw wkdw udlvhv uhyhqxh iru wkuhh sxusrvhv= sxeolf
jrrgv +zklfk ehqh�w doo yrwhuv,/ uhglvwulexwlyh h{shqglwxuhv +zklfk ehqh�w vrph
yrwhuv,/ dqg glyhuvlrq ri uhvrxufhv +zklfk ehqh�wv vrph srolwlfldqv/ exw kxuwv wkh
yrwhuv,1

Lq Vhfwlrq 6/ zh vwxg| d vlpsoh ohjlvodwxuh wkdw kdv qhlwkhu vhsdudwlrq ri srzhuv
qru ohjlvodwlyh frkhvlrq1 Wklv vlpsoh ohjlvodwxuh pdnhv ghflvlrqv rq wkh sxeolf0
�qdqfh lqvwuxphqwv lq wkh vlpsohvw srvvleoh ohjlvodwlyh0edujdlqlqj jdph lq wkh
vw|oh ri Edurq dqg Ihuhmrkq +4<;<,1 Krzhyhu/ zh hpehg wkh ohjlvodwlyh edujdlqlqj
lq d pxowl0shulrg hohfwrudo iudphzrun/ zkhuh wkh ohjlvodwruv iurp gl�huhqw glvwulfwv
duh hohfwhg lq �uvw0sdvw0wkh0srvw hohfwlrqv rq wkh edvlv ri sdvw shuirupdqfh1 Wkh
htxloleulxp ri wklv vlpsoh prgho glvsod|v wkuhh �srolwlfdo idloxuhv�/ uhodwlyh wr
wkh k|srwkhwlfdo fkrlfhv ri d ehqhyrohqw sodqqhu= xqghusurylvlrq ri sxeolf jrrgv>
zdvwh/ qdpho| vrph wd{ uhyhqxh lv xvhg lq d zd| wkdw lv ydoxdeoh iru wkh hohfwhg
srolwlfldqv exw zruwkohvv iru wkh yrwhuv> dqg lqh!flhqw uhglvwulexwlrq/ wrzdugv d
plqrulw| ri srolwlfdoo| srzhuixo yrwhuv1 Olnh d Ohyldwkdq srolf|pdnhu/ wkh vlpsoh
ohjlvodwxuh pd{lpl}hv wd{ uhyhqxhv1 Wkh uhvw ri wkh sdshu lqyhvwljdwhv krz pruh
uhdolvwlf srolwlfdo lqvwlwxwlrqv prgli| wkhvh srolwlfdo idloxuhv1

Lq Vhfwlrq 7 zh vwxg| d suhvlghqwldo0frqjuhvvlrqdo v|vwhp zlwk vhsdudwlrq ri
srzhuv1 Wkh ryhudoo ohyho ri wd{dwlrq dqg sxeolf vshqglqj lv vpdoohu wkdq lq wkh
vlpsoh ohjlvodwxuh1 Xqghusurylvlrq ri sxeolf jrrgv uhpdlqv qr ehwwhu wkdq lq
wkh vlpsoh ohjlvodwxuh/ dqg uhglvwulexwlrq frqwlqxhv wr idyru d srolwlfdoo| srzhuixo
plqrulw|/ hyhq wkrxjk wkh dprxqw glvwulexwhg frxog eh vpdoohu wkdq lq wkh vlpsoh
ohjlvodwxuh1 Exw yrwhuv duh deoh wr h{sorlw wkh lqkhuhqw fkhfnv dqg edodqfhv lq wklv
v|vwhp wr frqwdlq jryhuqphqw zdvwh dqg uhglvwulexwlrq lq idyru ri plqrulwlhv1

Vhfwlrq 8 wxuqv wr d sduoldphqwdu| v|vwhp/ zlwkrxw vhsdudwlrq ri srzhuv/ exw
zlwk ohjlvodwlyh frkhvlrq1 Lq wklv v|vwhp uhglvwulexwlrq idyruv d vwdeoh pdmrulw|
vxssruwlqj wkh jryhuqphqw1 Wkh vkduhg ehqh�w ri uhglvwulexwlrq dowhuv wkh srolf|
wudgh0r� dqg udlvhv wkh htxloleulxp vxsso| ri sxeolf jrrgv1 Exw jryhuqphqw zdvwh
lv kljkhu/ dqg d pdmrulw| ri wkh yrwhuv qrz vxssruw pd{lpdo wd{hv1

Rxu dqdo|vlv wkxv srlqwv wr fohdu gl�huhqfhv lq krz wkh wzr v|vwhpv shuirup
lq sxeolf �qdqfh1 D Sduoldphqwdu| v|vwhp kdv uhglvwulexwlrq wrzdugv d pdmrulw|/
ohvv xqghusurylvlrq ri sxeolf jrrgv/ pruh zdvwh dqg d kljkhu exughq ri wd{dwlrq/
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zkhuhdv d suhvlghqwldo0frqjuhvvlrqdo v|vwhp kdv uhglvwulexwlrq wrzdugv d plqrulw|/
pruh xqghusurylvlrq ri sxeolf jrrgv/ exw ohvv zdvwh dqg d vpdoohu vl}h ri jryhuq0
phqw1 Lq wkh frqfoxglqj Vhfwlrq 9 zh glvfxvv wkhvh whvwdeoh suhglfwlrqv dqg d
qxpehu ri survshfwlyh h{whqvlrqv ri rxu wkhru|1

Vrph ri wkh irupdo dqdo|vlv lv uhohjdwhg wr dq Dsshqgl{1

51 D edvlf prgho ri sxeolf �qdqfh

Frqvlghu d vrflhw| zlwk wkuhh glvwlqfw jurxsv ri flwl}hqv/ ghqrwhg e| � ' �c 2c ��
Zh vkdoo wklqn derxw wkhvh jurxsv dv glvwlqjxlvkhg e| wkhlu jhrjudsklfdo orfdwlrq1
Rwkhu lqwhusuhwdwlrqv duh srvvleoh/ exw ohvv qdwxudo1 Wkuhh lv wkh plqlpxp qxpehu
wr orrn dw lqwhuhvwlqj ohjlvodwlyh edujdlqlqj xqghu pdmrulw| uxoh/ exw zh frxog fduu|
rxw wkh dqdo|vlv zlwk pruh wkdq � jurxsv dw wkh frvw ri pruh fxpehuvrph dojheud1
Hdfk jurxs kdv d odujh qxpehu ri lghqwlfdo phpehuv= irupdoo| zh dvvxph hdfk
jurxs kdv d frqwlqxxp ri yrwhuv zlwk xqlw pdvv1 Wlph lv phdvxuhg glvfuhwho|= d
w|slfdo wlph shulrg lv ghqrwhg e| |1 Zh frqvlghu dq lq�qlwh krul}rq1

Wkh suhihuhqfhv ri d phpehu ri jurxs � iurp dq duelwudu| vwduwlqj shulrg �
duh jlyhq e|=

��
� '

"[

|'�

BE|3��L �E^|�c +514,

zkhuh B 	 � lv d glvfrxqw idfwru/ ^| lv d yhfwru ri srolflhv dw | +wr eh gh�qhg ehorz,/
dqg L � lv wkh shu shulrg xwlolw| ixqfwlrq1 Wkh odwwhu lv dvvxphg txdvl0olqhdu lq wkh
frqvxpswlrq ri sulydwh dqg sxeolf jrrgv=

L �E^|� ' S�| nME}|� ' �� � | n o�| nME}|�c +515,

zkhuh � lv d frpprq wd{ udwh/ o�
| lv d wudqvihu sd|phqw wr jurxs �c dqg }| lv wkh

vxsso| ri Vdpxhovrqldq sxeolf jrrgv hydoxdwhg e| wkh frqfdyh dqg prqrwrqlfdoo|
lqfuhdvlqj ixqfwlrq ME}|�� Zh dvvxph wkdw wkhvh jrrgv duh ydoxdeoh wr flwl}hqv/
lq wkh vhqvh wkdw M}Ef� : �( d ixuwkhu frqglwlrq lv vwdwhg ehorz1

Wkh sxeolf srolf| yhfwru ^ lv gh�qhg e|=

^| ' d� |c }|c io
�
|jc ir

,
|joc

zkhuh doo frpsrqhqwv duh frqvwudlqhg wr eh qrq0qhjdwlyh1 Wkh frpsrqhqw ir,|j
fdswxuhv srvvleoh glyhuvlrq ri uhvrxufhv e| srolwlfldqv1 Zh dvvxph wklv glyhuvlrq
wdnhv sodfh lq frqqhfwlrq zlwk sxeolf jrrgv surgxfwlrq }|1 Dv glvfxvvhg lq Shuv0
vrq/ Urodqg dqg Wdehoolql +4<<:,/ zh fdq wklqn ri ir,|j dv rxwuljkw glyhuvlrq/ ru
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dv dq doorfdwlrq ri uhvrxufhv wkdw ehqh�wv wkh sulydwh djhqgd ri wkh ohjlvodwruv
exw qrw wkh flwl}hqv1 Wkhvh glyhuvlrqv ehqh�w vrph srolwlfldqv pruh wkdq rwkhuv=
wkxv/ r,

| lv dvvxphg wr ehqh�w ohjlvodwru ,c exw qr rwkhu ohjlvodwru +vhh ixuwkhu eh0
orz,1 Iurp wkh ylhz0srlqw ri wkh flwl}hqv/ wkhvh uhqwv iurp kroglqj r!fh iru wkh
ohjlvodwruv uhsuhvhqw sxuh zdvwh1 Wkh sxeolf srolf| yhfwru lq shulrg | pxvw vdwlvi|
wkh jryhuqphqw edodqfhg exgjhw frqvwudlqw=

�� | '
[

�

o�
| n
[

,

r,| n }| � o| n r| n }|c +516,

zkhuh o| dqg r| lq wkh uljkwprvw h{suhvvlrq/ ghqrwh djjuhjdwh uhglvwulexwlyh h{0
shqglwxuhv dqg djjuhjdwh zdvwh/ uhvshfwlyho|1

Wr pdnh wkh sxeolf �qdqfh sureohp pruh lqwhuhvwlqj/ zh frxog h{whqg wkh
prgho zlwk vrph sulydwh fkrlfhv glvwruwhg e| wd{dwlrq1 Zh frqmhfwxuh wkdw grlqj
vr zrxog pdnh rxu uhvxowv txdqwlwdwlyho|/ exw qrw txdolwdwlyho|/ gl�huhqw1 Qrwh/
krzhyhu/ wkdw wkh plfur0srolwlfdo sureohp lqkhuhqw lq wklv irupxodwlrq lv uhodwlyho|
jhqhudo= lw lqyroyhv dfwlylwlhv wkdw ehqh�w hyhu| flwl}hq +}|�c dfwlylwlhv wkdw ehqh�w
vrph flwl}hqv exw qrw rwkhuv +io�

|j,/ dqg dfwlylwlhv wkdw ehqh�w wkh srolwlfldqv exw
qrw wkh flwl}hqv +ir,

|j,1 Dv zh vkdoo vhh/ wkh wudgh0r� rq hdfk gl�huhqw pdujlq ri
srolf| fkrlfh sod|v d qrq0wulyldo uroh lq vkdslqj wkh uhvxowv1

Zklfk sxeolf srolf| zrxog d Sljryldq vrfldo sodqqhu zlwk d v|pphwulf vrfldo
zhoiduh ixqfwlrq fkrrvh lq wklv vhwwlqjB Iluvw/ ri doo wkh sodqqhu zrxog fkrrvh wr
vhw r,

| ' f� Pruhryhu/ zlwk txdvl0olqhdu xwlolw|/ qrq0glvwruwlrqdu| wd{hv dqg d v|p0
phwulf vrfldo zhoiduh ixqfwlrq/ rswlpdo uhglvwulexwlyh h{shqglwxuh lv ghwhuplqhg
rqo| xs wr wkh vdph suhvhqw ydoxh iru hdfk jurxs1 Lw lv wkxv dozd|v h!flhqw wr
kdyh o�

| ' f( li wd{hv zhuh hyhq voljkwo| glvwruwlrqdu| dq| srvlwlyh uhglvwulexwlrq
zrxog vwulfwo| ghfuhdvh zhoiduh1 Hyhq zlwkrxw glvwruwlrqdu| wd{dwlrq/ dq| xqhtxdo
uhglvwulexwlrq zlwklq dq| shulrg | dfurvv v|pphwulf uhjlrqv zlwk krprjhqhrxv
yrwhuv zrxog dovr vwulfwo| ghfuhdvh zhoiduh li wkh xwlolw| ri sulydwh frqvxpswlrq
zdv frqfdyh1 D Sljryldq sodqqhu zrxog wkxv vhw }| lq dq| shulrg | vr dv wr vroyh=

�@%
[

�

�� ' �@%�d�� � nME}|�o ' �@%d�� }| n �ME}|�oc

|lhoglqj wkh �uvw rughu frqglwlrq M} ' �

�
� Wkh �uvw0ehvw srolf| lv wkxv wr pdnh

wkh vxsso| ri sxeolf jrrgv frqvwdqw ryhu wlph/ dw wkh srlqw zkhuh lwv pdujlqdo
djjuhjdwh ehqh�w lv htxdo wr lwv pdujlqdo vrfldo frvw/ dqg wr udlvh qr pruh uhyhqxh
wkdq qhfhvvdu| wr �qdqfh wklv rswlpdo sxeolf jrrgv surylvlrq1

Zkdw zrxog eh wkh rswlpdo sxeolf srolf| fkrvhq e| d Ohyldwkdq srolf|pdnhu
lq wklv vhwwlqjB Lq wkh devhqfh ri dq| rwkhu frqvwudlqwv/ wkh srzhu wr xvh srolf|
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wr jhqhudwh shuvrqdo uhqwv zrxog sxvk wd{hv lq dq| jlyhq shulrg wrzdugv wkhlu
pd{lpxp � ' �c glyhuvlrq wrzdugv lwv pd{lpxp r| ' �c dqg sxeolf jrrgv dqg
uhglvwulexwlrq wrzdugv wkhlu plqlpxp }| ' o| ' f� Zkhuhdv wkh Ohyldwkdq dqg
Sljryldq srolf|pdnhuv pljkw djuhh rq wkh h{whqw ri uhglvwulexwlrq wr yrwhuv/ wkh|
zrxog vwurqjo| glvdjuhh rq wkh rwkhu dvshfwv ri sxeolf �qdqfh1 Lq wkh sdshu/ krz0
hyhu/ zh ohdyh erwk wkh ehqhyrohqw dqg wkh pdohyrohqw fdulfdwxuh ri wkh dopljkw|
srolf|pdnhu dvlgh1 Lqvwhdg zh dvn zkdw suhglfwlrqv zh pljkw jhw iurp pruh vwuxf0
wxudo prghov ri ghprfudwlf srolf| fkrlfh zlwklq vshfl�f srolwlfdo lqvwlwxwlrqv1

61 D vlpsoh ohjlvodwxuh

Zh �uvw vwxg| d k|srwkhwlfdo srolwlfdo lqvwlwxwlrq wkdw zh odeho d �vlpsoh ohjlvod0
wxuh�1 Wkh vlpsoh ohjlvodwxuh odfnv lpsruwdqw fkdudfwhulvwlfv ri prghuq srolwlfdo
v|vwhpv1 Lw grhv qrw hqwdlo/ dv grhv d XV vw|oh suhvlghqwldo0frqjuhvvlrqdo v|vwhp/
d gluhfwo| hohfwhg Suhvlghqw dqg d fohdu vhsdudwlrq ri srzhuv zlwklq wkh ohjlvodwxuh
dqg ehwzhhq wkh h{hfxwlyh dqg wkh ohjlvodwxuh1 Qhlwkhu grhv lw hqwdlo/ dv grhv d
sduoldphqwdu| v|vwhp/ d frkhvlyh pdmrulw| lq Sduoldphqw rq zklfk wkh jryhuq0
phqw fdq frxqw wr sdvv ohjlvodwlyh sursrvdov1 Wklv vhfwlrq zloo krzhyhu eh xvhixo
wr looxvwudwh lq wkh vlpsohvw vhw xs wkuhh ixqgdphqwdo srolwlfdo idloxuhv= xqghu0
surylvlrq ri sxeolf jrrgv/ zdvwhixo doorfdwlrq ri wd{ uhyhqxhv/ dqg uhglvwulexwlrq
wrzdugv d srzhuixo plqrulw|1 Lw wkhq vhwv wkh srlqw ri ghsduwxuh iru wkh dqdo|vlv
lq odwhu vhfwlrqv/ zkhuh zh vkrz wkh h�hfw ri ohjlvodwlyh frkhvlrq dqg vhsdudwlrq
ri srzhuv rq wkhvh wkuhh srolwlfdo idloxuhv1

Lq wkh vlpsoh ohjlvodwxuh/ hdfk uhjlrq � frlqflghv zlwk d yrwlqj glvwulfw dqg lv
uhsuhvhqwhg e| h{dfwo| rqh ohjlvodwru= vr wkdw � ' , ' �c 2c �� Vhsdudwh hohfwlrqv
xqghu soxudolw| uxoh wdnh sodfh lq hdfk ri wkhvh jhrjudsklfdoo| gh�qhg yrwlqj glv0
wulfwv1 Lq shulrg � lqfxpehqw ohjlvodwru , kdv suhihuhqfhv ryhu rxwfrphv/ jlyhq
e|=

�,
� '

"[

|'�

BE|3��T ,E^|�(
,
|c +614,

zkhuh wkh shu0shulrg xwlolw| lv vlpso|=

T ,E^|� ' r,
|c +615,

dqg zkhuh (,
| lv d gxpp| yduldeoh/ htxdo wr xqlw| li ohjlvodwru , krogv r!fh lq

shulrg | dqg }hur rwkhuzlvh1 Dv lq Shuvvrq/ Urodqg/ dqg Wdehoolql +4<<:,/ wkh
srolwlfldqv* sd|r�v duh gh�qhg h{foxvlyho| ryhu wkh uhqwv wkh| hqgrjhqrxvo| gh0
ulyh iurp kroglqj r!fh dqg pdnlqj srolf| ghflvlrqv1 Wklv grhv qrw lpso| wkdw
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ohjlvodwruv dfw rqo| lq wkhlu rzq lqwhuhvw1 Dv ohjlvodwruv ydoxh kroglqj r!fh dqg dv
yrwhuv zloo krog wkhp dffrxqwdeoh iru wkhlu shuirupdqfh e| uhwurvshfwlyh yrwlqj/
wkh wkuhdw ri ehlqj rxvwhg iurp r!fh/ lq idfw/ pdnhv ohjlvodwruv forvh wr shuihfw
ghohjdwhv iru wkhlu frqvwlwxhqflhv15

Dw wkh hqg ri hdfk wlph shulrg/ hohfwlrqv duh khog lq hdfk uhjlrq/ zkhuh wkh
fdqglgdwh zlwk wkh prvw yrwhv zlq1 Wkh lqfxpehqw uxqv djdlqvw d vlqjoh rssrqhqw/
zkr lv gudzq dw udqgrp iurp d odujh vhw ri fdqglgdwhv1 Fdqglgdwhv duh qrw
lqkhuhqwo| gl�huhqw lq wkhlu frpshwhqfh ru lq dq| rwkhu dwwulexwhv= hdfk fdqglgdwh
kdv h{dfwo| wkh vdph suhihuhqfhv dv wkh lqfxpehqw rqfh lq r!fh1 Dq lqfxpehqw
zkr lv qrw uhhohfwhg fdq qhyhu frph edfn1

Lq shulrg | wkh lqfxpehqw ohjlvodwruv wkdw zhuh hohfwhg wr wkh vlpsoh ohjlvodwxuh
dw wkh hqg ri shulrg | � � ghflgh rq sxeolf srolf| lq d yhu| vlpsoh ohjlvodwlyh
edujdlqlqj jdph lq wkh vw|oh ri Edurq dqg Ihuhmrkq +4<;<,1 Vshfl�fdoo|/ wklv
ohjlvodwlyh edujdlqlqj lq shulrg | lv hpehgghg lq wkh vhtxhqfh ri hyhqwv looxvwudwhg
lq Iljxuh 4/ qdpho|=

+3, Qdwxuh udqgrpo| vhohfwv dq djhqgd0vhwwhu @ dprqj wkh wkuhh ohj0
lvodwruv1

+4, Yrwhuv irupxodwh wkhlu uh0hohfwlrq vwudwhjlhv/ zklfk ehfrph sxeolfo|
nqrzq1

+5, Ohjlvodwru @ sursrvhv d sxeolf srolf| ^|�

+6, Wkh ohjlvodwxuh yrwhv rq wkh sursrvdo1 Li d pdmrulw| +dw ohdvw wzr
ohjlvodwruv, vxssruw wkh sursrvdo/ lw lv lpsohphqwhg� Li qrw/ d ghidxow
srolf| lv lpsohphqwhg/ zlwk � ' r, ' j : f dqg } ' o� ' f�

+7, Hohfwlrqv duh khog1

Rqfh wkh srolf| kdv ehhq lpsohphqwhg wkh yrwhuv revhuyh wkh rxwfrph ri wkh
ohjlvodwlyh ghflvlrq dqg doo hohphqwv lq wkh srolf| yhfwru/ h{fhsw ir,

|
j� Hyhq wkrxjk

yrwhuv fdq fruuhfwo| lqihu djjuhjdwh uhqwv r iurp +516,/ wkh| fdqqrw revhuyh wkh
uhqwv fdswxuhg lq shulrg | e| lqglylgxdo ohjlvodwruv1 Yrwhuv wkxv fdqqrw frqglwlrq
wkhlu hohfwrudo vwudwhjlhv rq wkh glyhuvlrq e| lqglylgxdo ohjlvodwruv1 Wkh| fduh/

5Wklv iudphzrun/ eruurzhg iurp Ihuhmrkq +4<;9, pd| dsshdu vshfldo wr vrph uhdghuv1 Zh
eholhyh rxu jhqhudo uhvxowv rq frpsdudwlyh srolwlfv duh olnho| wr vxuylyh xqghu d ydulhw| ri dv0
vxpswlrqv derxw wkh prwlydwlrq ri srolwlfldqv1 Dv ghprqvwudwhg lq Shuvvrq +4<<:,/ vlplodu
uhvxowv pd| hpdqdwh iurp d ohjlvodwlyh edujdlqlqj iudphzrun/ zkhwkhu lqwhuhvw jurxsv oree|
�qdqfh0prwlydwhg ohjlvodwruv/ ru survshfwlyho| hohfw rxwfrph0prwlydwhg ohjlvodwruv/ udwkhu wkdq
uhwurvshfwlyho| uhhohfw r!fh0prwlydwhg ohjlvodwruv/ dv lq wklv prgho1

;



krzhyhu/ rqo| derxw djjuhjdwh zdvwh/ zklfk�dv zh vkdoo vhh�zloo eh ghwhuplqhg
erwk e| lqglylgxdo dqg froohfwlyh lqfhqwlyh frpsdwlelolw| frqglwlrqv1 Zkdw lv
lpsruwdqw lv wkdw ir,|j lv qrw yhul�deoh1 Wkdw lv/ srolwlfldqv fdq rqo| eh r�huhg
lpsolflw lqfhqwlyh vfkhphv/ dqg qrw h{solflw lqfhqwlyhv ru shqdowlhv frqwlqjhqw rq
ir,|j� Wrjhwkhu zlwk rxwfrphv ehlqj revhuyhg rqo| dw wkh hqg ri wkh ohjlvodwlyh
shulrg/ wklv fuhdwhv frqwudfwxdo lqfrpsohwhqhvv1 Wkxv/ yrwhuv fdq rqo| sxqlvk
srolwlfldqv e| qrw uhhohfwlqj wkhp/ udwkhu wkdq wkurxjk d frqwudfw frqglwlrqhg rq
ir,|j� Wkh glvfuhwlrqdu| srzhuv hqmr|hg e| srolwlfldqv ehwzhhq hohfwlrqv/ krzhyhu/
zloo pdnh lw lpsrvvleoh iru yrwhuv wr lqvlvw rq kdylqj r| ' f1

Wkh ghidxow rxwfrph lv dvvxphg wr eh lqh!flhqw iru wkh yrwhuv1 Lq sduwlfxodu/

zh dvvxph wkdw � � j : fc dqg ME
	
}� : �� jc zlwk

	
}' M3�

} E���
Lq wkh lq�qlwh0krul}rq jdph/ wkhuh duh pdq| vhtxhqwldoo| udwlrqdo htxloleuld1

Zh dvvxph wkurxjkrxw wkh sdshu wkdw doo wkh sod|huv +wkh yrwhuv/ dqg wkh srolwl0
fldqv, duh uhvwulfwhg wr xvlqj vwudwhjlhv zklfk frqglwlrq wkhlu dfwlrqv lq shulrg |
rq revhuydeoh sd|0r� uhohydqw lqirupdwlrq lq shulrg | rqo|/ dqg qrw rq rxwfrphv
lq dq| hduolhu shulrg1 Wklv lv d uhdvrqdeoh uhvwulfwlrq li zh dvvxph wkdw yrwhuv
fdqqrw frpplw wr lqwhuwhpsrudo uhhohfwlrq uxohv ryhu pruh wkdq rqh shulrg1 Wkh
uhvwulfwlrq zloo h�hfwlyho| pdnh wkh htxloleulxp rxwfrph vwdwlrqdu|/ dqg zh gurs
wlph vxevfulswv lq wkh iroorzlqj zkhq wkhuh lv qr ulvn ri frqixvlrq1

Zh dvvxph wkdw yrwhuv lq hdfk glvwulfw dgrsw vlpsoh uhwurvshfwlyh yrwlqj uxohv/
frqglwlrqdo rq wkhlu uhsuhvhqwdwlyh kdylqj ehhq wkh djhqgd vhwwhu lq shulrg | ru
qrw1 Zh dovr dvvxph wkdw +hqrxjk, yrwhuv lq hdfk glvwulfw frruglqdwh rq wkh yrwlqj
uxoh/ lpso|lqj wkdw=

(,
|n� ' �

�s L �E^|� � K@| @?_ � ' @ @| | +616,

�s L �E^|� � K,| @?_ � 9' @ @| |�

Ilqdoo|/ zh dvvxph wkdw yrwhuv ri doo uhjlrqv vlpxowdqhrxvo| vhw wkhlu �uhvhuydwlrq
xwlolwlhv� K@| dqg K,| lq d xwlolw|0pd{lpl}lqj idvklrq1 Wkh yhfwru ri wkhvh uhvhuydwlrq
xwlolwlhv/ K| / lv wkxv nqrzq wr srolwlfldqv zkhq wkh srolf| sursrvdo lv pdgh/ dqg
lv qrw dowhuhg e| wkh yrwhuv lq wkh frxuvh ri shulrg |� Lw lv ehfdxvh ri wklv ihdwxuh
wkdw ohjlvodwruv zloo dfw lq wkhlu frqvwlwxhqflhv* lqwhuhvw1

Dq htxloleulxp ri wklv jdph lv gh�qhg dv iroorzv +wkh u vxshuvfulsw vwdqgv iru
htxloleulxp ri wklv ohjlvodwlyh jdph,=

Gh�qlwlrq 41 Dq htxloleulxp ri wkh vlpsoh ohjlvodwxuh lv d yhfwru ri srolflhv ^u| EK|�
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dqg d yhfwru ri uhvhuydwlrq xwlolwlhv Ku| vxfk wkdw lq dq| shulrg | / zlwk doo sod|huv
wdnlqj dv jlyhq wkh htxloleulxp rxwfrphv ri shulrgv |n &/ & � �=

+L, iru dq| jlyhq K| / dw ohdvw rqh ohjlvodwru � 9' @ zhdno| suhihuv ^u| EK|� wr wkh
ghidxow rxwfrph(

+LL, iru dq| jlyhq K|/ wkh djhqgd0vhwwlqj ohjlvodwru @ suhihuv ^u| EK|� wr dq| rwkhu
srolf| vdwlvi|lqj +L,(

+LLL, Wkh uhvhuydwlrq xwlolwlhv K�u| duh rswlpdo iru wkh yrwhuv lq hdfk glvwulfw �/
wdnlqj lqwr dffrxqw wkdw srolflhv lq wkh fxuuhqw shulrg duh vhw dffruglqj wr ^u| EK|�
dqg wdnlqj dv jlyhq wkh uhvhuydwlrq xwlolwlhv lq rwkhu uhjlrqv K3�u| dqg wkh lghqwlw|
ri wkh djhqgd vhwwhu�

Wkhuh lv d xqltxh htxloleulxp vdwlvi|lqj wkhvh frqglwlrqv/ dqg lw lv vwdwlrqdu|1
Lwv surshuwlhv duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 41 Lq wkh htxloleulxp ri wkh vlpsoh ohjlvodwxuh=
�u ' �(
ru ' � E�3B�

�3B*�
(

ju ' ��?E e}c 2B
�3B*�

�c zkhuh e} lv vxfk wkdw M}Ee}� ' � : �*�(

o@u ' 2B
�3B*�

� }u � fc o�u ' f sJo � 9' @(

K@u ' ME}u�� }u n 2B
E�3B*��

c K�u ' ME}u� iru � 9' @�
Doo srolwlfldqv duh uh0hohfwhg1

Wkxv/ lq htxloleulxp wd{hv duh pd{lpdo/ wkhuh lv xqghusurylvlrq ri wkh sxeolf
jrrg uhodwlyh wr wkh vrfldo rswlpxp/ wkhuh lv vrph uhglvwulexwlrq lq idyru ri d
plqrulw| ri yrwhuv +xqohvv wkh sxeolf jrrg lv yhu| ydoxdeoh/ lq zklfk fdvh wkhuh lv
qr uhglvwulexwlrq dw doo,/ dqg wkh ohjlvodwruv dssursuldwh srvlwlyh uhqwv iurp r!fh1

Wr xqghuvwdqg krz wkh prgho zrunv/ lw lv xvhixo wr suryh wklv sursrvlwlrq lq
vwhsv1 Frqvlghu glvwulfwv 6c? 9' @�Zh vwduw zlwk wkh iroorzlqj=

Ohppd 41 Lq htxloleulxp/ o6 ' o? ' f�

Surri1 Qrwh wkdw dq| htxloleulxp hqwdlov d plqlpxp zlqqlqj frdolwlrq= wkdw
lv/ wkh htxloleulxp sursrvdo lv rqo| dssuryhg e| rqh rwkhu ohjlvodwru ehvlghv wkh
djhqgd vhwwhu1 Wr jhw wkh vxssruw ri wkh wklug ohjlvodwru/ wkh djhqgd vhwwhu zrxog
kdyh wr vshqg uhvrxufhv hlwkhu rq khu ru khu glvwulfw1 Exw wkhvh uhvrxufhv duh
ehwwhu xvhg wr lqfuhdvh r@1 Khqfh/ li ohjlvodwru ?c vd|/ lv h{foxghg iurp wkh zlqqlqj
frdolwlrq/ wkhq r? ' o? ' f� E| wkh vdph orjlf/ wkh glvwulfw lqfoxghg lq wkh zlqqlqj
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frdolwlrq lv wkh rqh zkrvh yrwh lv wkh fkhdshvw wr ex|1 Dv doo ohjlvodwruv kdyh
wkh vdph ghidxow sd|r�v/ zklfk glvwulfw lv fkhdshvw wr ex| rqo| ghshqgv rq wkh
uhvhuydwlrq xwlolwlhv/ K? dqg K6cghpdqghg e| wkh yrwhuv1 Uhdol}lqj wklv/ wkh yrwhuv
lq glvwulfwv 6 dqg ? kdyh dq lqfhqwlyh wr xqghuelg hdfk rwkhu xs wr wkh srlqw
zkhuh K6 ' K? ' �� � nME}�/ wkdw lv xs wr wkh srlqw zkhuh o6 ' o? ' f� '.(�

Lq rwkhu zrugv/ wkh yrwhuv lq wklv jdph duh hqjdjhg lq d �Ehuwudqg frp0
shwlwlrq� jdph iru wkh uhglvwulexwlyh idyruv ri wkh djhqgd vhwwhu1 Wkh xwlolw| ri
yrwhuv lq glvwulfw6 lv glvfrqwlqxrxv lq wkh uhvhuydwlrq ydoxh K6 dw wkh srlqw zkhuh
K6 ' K?c xqohvv o6 ' f� Wkh vdph dujxphqw krogv iru yrwhuv lq ?� Khqfh wkh rqo|
htxloleulxp lv dw wkh fruqhu zkhuh o6 ' o? ' f�

Qh{w/ gh�qh ` dv wkh h{shfwhg htxloleulxp frqwlqxdwlrq ydoxh iru hdfk ohj0
lvodwru dw wkh vwduw ri hdfk shulrg/ ehiruh qdwxuh kdv vhohfwhg wkh djhqgd vhwwhu1
Wkhq zh kdyh=

Ohppd 51 Lq htxloleulxp/ r � �� 2B` dqg doo ohjlvodwruv duh uhds0
srlqwhg1

Surri1 Frqvlghu wkh rswlpdo ehkdylru ri wkh djhqgd vhwwhu/ dqg ohw 6 eh wkh
rwkhu ohjlvodwru vxssruwlqj khu sursrvdo1 Wkhq/ li @ vhhnv uhdssrlqwphqw/ vkh zloo
qhyhu r�hu wr 6 pruh wkdq=

r6 ' j � B`c +617,

dv wklv lv zkdw zrxog ohdyh6 lqgl�huhqw ehwzhhq yrwlqj |hv dqg ehlqj uhdssrlqwhg/
ru yrwlqj qr/ jhwwlqj wkh ghidxow sd|r� j dqg wkhq orvlqj wkh hohfwlrqv1

Li lqvwhdg @ grhv qrw vhhn uhdssrlqwphqw/ dqg pdnhv d sursrvdo wkdw xqghu
wkh jlyhq yrwlqj uxoh zrxog ohdg wr d orvv ri r!fh iru doo ohjlvodwruv/ wkhq vkh kdv
wr r�hu dw ohdvw j wr 6 wr zlq dssurydo ri khu sursrvdo� Ehfdxvh vkh grhv qrw
fduh derxw sohdvlqj khu yrwhuv lq wklv fdvh/ wkh djhqgd vhwwhu fdq dssursuldwh doo
dydlodeoh uhvrxufhv/ vhwwlqj } ' o ' f dqg � ' �1 Wkxv/ @ zloo vhhn uhdssrlqwphqw
li dqg rqo| li=

r@ n B` � �� j� +618,

Wkh ohiw kdqg vlgh ri +618, ghqrwhv wkh olih0wlph xwlolw| ri wkh djhqgd vhwwhu li vkh
pdnhv d sursrvdo frqvlvwhqw zlwk uhdssrlqwphqw/ xqghu wkh jlyhq yrwlqj uxoh1 Wkh
uljkw kdqg vlgh lv khu pd{lpdo sd|r�/ jlyhq wkdw vkh grhv qrw vhhn uhdssrlqwphqw
dqg kdv wr sd| j wr 6�
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Frpelqlqj +617, dqg +618,/ wkh ohjlvodwruv zloo lpsohphqw d srolf| wkdw ohdgv
wr wkhlu uhdssrlqwphqw li dqg rqo| li=

r ' r6 n r@ � �� 2B`� +619,

Wkh rswlpdo yrwlqj uxoh fdq qhyhu eh pruh ghpdqglqj= li wkh ohjlvodwruv zhuh
lqgxfhg wr irujr uhdssrlqwphqw/ wkh| zrxog dssursuldwh doo uhvrxufhv dqg ohdyh
wkh yrwhuv zlwk orz xwlolw|1 Khqfh/ wkh rswlpdo yrwlqj uxoh kdv wr vdwlvi| +619,/ dqg
erwk wkh djhqgd vhwwhu dqg wkh ohjlvodwru vxssruwlqj wkh sursrvdo duh uhhohfwhg1
Wkh uhvhuydwlrq xwlolw| ri yrwhuv lq glvwulfwv 6 dqg ? lv wkh vdph dv erwk glvwulfwv
uhfhlyh }hur wudqvihuv +e| Ohppd 4,1 Dv wkhvh yrwhuv sd| wkh vdph � c dqg hqmr|
wkh vdph ohyho ri }c ohjlvodwru ? zloo dovr eh uh0hohfwhg1 '.(�

Qrwh wkdw +619, lv dq lqfhqwlyh frpsdwlelolw| frqglwlrq rq wkh ryhudoo glyhuvlrq
ri uhvrxufhv= lw lpsolhv wkdw wkh htxloleulxp lv lq idfw frooxvlrq surri1 Wkxv/
dowhuqdwlyh dvvxpswlrqv rq krz wkh edujdlqlqj lv frqgxfwhg ehwzhhq @ dqg 6
zrxog qrw fkdqjh wkh uhvxowv1 Qrwh dovr wkdw ohjlvodwru @ lv wkh �uhvlgxdo fodlpdqw�
rq uhvrxufhv lq shulrg | iru jlyhq uhhohfwlrq vwudwhjlhv1 Lw zrxog wkxv eh rswlpdo
iru khu/ qrw rqo| wr plqlpl}h wkh sd|phqw wr ohjlvodwru 6/ exw dovr wr vdwlvi| wkh
uhhohfwlrq frqvwudlqwv ri yrwhuv lq glvwulfwv @ dqg 6 zlwk htxdolw|/ dssursuldwlqj
dq| uhpdlqlqj uhvrxufhv iru khuvhoi1 Li frqvlvwhqw zlwk khu rzq uhhohfwlrq/ vkh
zrxog wkxv olnh wr vhw � ' ��

Zh duh qrz uhdg| wr suryh Sursrvlwlrq 41

Surri ri Sursrvlwlrq 41 Frqvlghu ohjlvodwru @1 Dv o@ ' oc e| Ohppd 4/ wkh
srolf| wkdw pd{lpl}hv wkh xwlolw| ri yrwhuv lq glvwulfw @ lv wkh vroxwlrq wr=

�@% do n �� � nME}�o c

vxemhfw wr wkh jryhuqphqw exgjhw frqvwudlqw/ +516,/ dqg wkh lqfhqwlyh frqvwudlqw
rq ohjlvodwruv @ dqg 6/ +619,1 Frpelqlqj +516, dqg +619,/ wkhvh frqvwudlqwv fdq
eh zulwwhq dv=

�E� � �� n 2B` � o n }� +61:,

Wkh vroxwlrq wr wklv rswlpl}dwlrq sureohp lpsolhv= � ' �c } ' ��?EM3�

}
E��c 2B` �c

o ' 2B` � }c r ' �� 2B`� Ilqdoo|/ e| Ohppd 5 doo ohjlvodwruv duh uhdssrlqwhg
lq htxloleulxp1 Zh wkxv kdyh=

` '
r

�
n B`� +61;,
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Vroylqj iru ` |lhogv ` ' �

�3B*�
� Lqvhuwlqj wkh uhvxow lq wkh h{suhvvlrqv deryh/

|lhogv wkh htxloleulxp srolflhv ri Sursrvlwlrq 4/ dqg lqvhuwlqj wkhvh srolflhv lq wkh
yrwhuv xwlolw| ixqfwlrq |lhogv wkh htxloleulxp uhvhuydwlrq xwlolwlhv1 E| uhtxlulqj
wkh yrwlqj vwudwhjlhv wr pd{lpl}h wkh xwlolw| ri wkh uhsuhvhqwdwlyh yrwhu lq hdfk
glvwulfw lq dq| shulrg/ zh duh jxdudqwhhlqj wkdw wkh htxloleulxp lv vhtxhqwldoo|
udwlrqdo1 Dv yrwhuv vlpxowdqhrxvo| fkrrvh wkhlu uhhohfwlrq vwudwhjlhv/ qr yrwhu kdv
dq| lqfhqwlyh wr fkdqjh khu yrwh/ jlyhq wkh rswlpdo ehkdylru e| rwkhu yrwhuv dqg
ri ohjlvodwruv/ li vkh frqvlghuv khuvhoi slyrwdo61 '.(

Wklv rxwfrph lv uhodwhg wr wkh htxloleulxp lq Ihuhmrkq +4<;9, zkhuh d vlqjoh
srolf|pdnhu jhwv dzd| zlwk pdvvlyh uhqwv zkhq yrwhuv gluhfwo| frpshwh iru klv
idyruv1 Lq wkh vlpsoh ohjlvodwxuh frqvlghuhg khuh/ yrwhuv frpshwh dfurvv/ exw qrw
zlwklq/ glvwulfwv/ dv uhglvwulexwlrq lv rqo| dfurvv glvwulfwv/ e| dvvxpswlrq1 Wkhuh0
iruh/ wkh yrwhuv ri wkh djhqgd vhwwhu*v uhjlrq fdq vwloo glvflsolqh wkh djhqgd vhwwhu
dqg nhhs uhqwv wr wkh plqlpxp1 Wkh| gr wklv e| dgrswlqj d uhhohfwlrq uxoh wkdw
nhhsv srolwlfldqv lqgl�huhqw ehwzhhq glyhuwlqj dv pxfk dv srvvleoh wrgd| exw orv0
lqj r!fh/ dqg glyhuwlqj rqo| d vpdoo dprxqw wrgd| exw kroglqj rq wr r!fh dqg
frqwlqxlqj wr uhds uhqwv lq wkh ixwxuh1

Li o : fc wkhq wkh yrwhuv lq uhjlrq @ rewdlq qhw uhglvwulexwlrq wr wkhlu glvwulfw
dw wkh h{shqvhv ri rwkhu glvwulfwv1 Wkhuhiruh wkh| suhihu wkhlu uhsuhvhqwdwlyh wr
vhw wd{hv wr wkhlu pd{lpxp ydoxh= � ' �1 Xqghusurylvlrq ri sxeolf jrrgv rewdlqv
ehfdxvh wkh djhqgd vhwwhu h�hfwlyho| vhwv srolf| vr dv wr pd{lpl}h wkh xwlolw| ri
yrwhuv lq glvwulfw @1 Vkh wkhuhiruh wudghv r� uhglvwulexwlrq wr uhjlrq @ dqg sxeolf
jrrgv surylvlrq rqh iru rqh�dqg khqfh vhwv M}E}� ' �1

Qrwlfh dovr wkdw wkh lqwhuhvwv ri yrwhuv lq glvwulfw @ dqg wkhlu ohjlvodwru duh
doljqhg lq vrph glphqvlrqv/ exw qrw lq rwkhuv1 Wkh| erwk zdqw wd{hv wr eh
pd{lpl}hg1 Exw wkh| hdfk zlvk wr xvh wkh uhyhqxh iru uhglvwulexwlrq wrzdugv
wkhpvhoyhv= yrwhuv zlvklqj wr h{sdqg o@ dqg wkh ohjlvodwru zlvklqj wr h{sdqg r@�
Kroglqj wkhlu ohjlvodwru dffrxqwdeoh iru shuirupdqfh/ wkh yrwhuv fdq nhhs zdvwh
grzq dv orqj dv wkh| uhvshfw wkh lqfhqwlyh frqvwudlqw +619,1

Wklv vlpsoh prgho looxvwudwhv d irup ri ohjlvodwlrq wkdw Mh�huvrq fdoohg �hohfwlyh
ghvsrwlvp� lq klv Qrwhv rq Qruwk Ylujlqld + flwhg e| Pdglvrq lq Ihghudolvw Sdshu
[OYLLL/ s1 643,=

6Wkdw lv/ hyhq li yrwhuv glg qrw frpplw wr wkh uhhohfwlrq uxoh fkrvhq dw wkh ehjlqqlqj ri

hdfk shulrg/ wkh htxloleulxp zrxog vwloo eh vhtxhqwldoo| udwlrqdo= wkh yrwhuv zrxog vwloo zhdno|

suhihu uhsodflqj wkh lqfxpehqw udwkhu wkdq uhhohfwlqj khu/ dv wklv lv frvwohvv1 Li ohjlvodwruv zhuh

lqkhuhqwo| gl�huhqw/ krzhyhu/ wkh dvvxpswlrqv uhjduglqj frpplwphqw zlwklq wkh shulrg zrxog

eh fulwlfdo1
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�Doo wkh srzhuv ri jryhuqphqw/ ohjlvodwlyh/ h{hfxwlyh/ dqg mxglfldu|/
uhvxow wr wkh ohjlvodwlyh erg|1 Wkh frqfhqwudwlqj wkhvh lq wkh vdph
kdqgv lv suhflvho| wkh gh�qlwlrq ri ghvsrwlf jryhuqphqw1 Lw zloo eh qr
doohyldwlrq wkdw wkhvh srzhuv zloo eh h{huflvhg e| d soxudolw| ri kdqgv/
dqg qrw e| d vlqjoh rqh1 Rqh kxqguhg dqg vhyhqw|0wkuhh ghvsrwv zrxog
vxuho| eh dv rssuhvvlyh dv rqh +111, Dq hohfwlyh ghvsrwlvp lv qrw zkdw
zh irxjkw iru�1

Lq rxu prgho rqo| wkh yrwhuv iurp rqh rxw ri wkuhh uhjlrqv duh deoh lq hdfk
shulrg wr vhfxuh uhglvwulexwlrq wrzdugv wkhlu uhjlrq/ zkhuhdv wkh rwkhu yrwhuv jhw
qrwklqj1 Yrwhuv ri wkh qrq0djhqgd0vhwwlqj uhjlrqv fdqqrw glvflsolqh wkhlu uhsuh0
vhqwdwlyhv wr dvn iru pruh htxlwdeoh uhglvwulexwlrq/ ehfdxvh wkh| frpshwh zlwk
hdfk rwkhu wr eh lqfoxghg lq wkh pdmrulw|1

Lq vxppdu|/ wklv vlpsoh ohjlvodwlyh prgho glvsod|v wkuhh �srolwlfdo idloxuhv�/
hdfk ehlqj gh�qhg dv d ghsduwxuh iurp wkh vrfldoo| rswlpdo srolf|= vrph vshqglqj
lv zdvwhixo +ru : f�( sxeolf jrrgv duh xqghusurylghg +}u 	 M3�

} E�*���> dqg d
srolwlfdoo| srzhuixo plqrulw| uhfhlyhv srvlwlyh uhglvwulexwlrq +o@u : f�� Zh qrz
dvn zkdw irup wkhvh wkuhh srolwlfdo idloxuhv wdnh xqghu dowhuqdwlyh�dqg pruh
uhdolvwlf�srolwlfdo frqvwlwxwlrqv1

71 D suhvlghqwldo0frqjuhvvlrqdo v|vwhp

Zh qrz prgli| wkh suhylrxv prgho e| lqwurgxflqj vhsdudwlrq ri srzhuv ryhu sur0
srvdov zlwklq wkh ohjlvodwxuh1 E| jlylqj gl�huhqw ohjlvodwruv djhqgd0vhwwlqj uljkwv
ryhu gl�huhqw glphqvlrqv ri srolf|/ zh fdq dssur{lpdwh wkh djhqgd0vhwwlqj srzhuv
ri wkh vwdqglqj frpplwwhhv lq wkh XV frqjuhvv1 Ghflvlrqv duh pdgh vhtxhqwldoo|
rq hdfk srolf| glphqvlrq/ vxemhfw wr d exgjhw frqvwudlqw1 Odwhu sursrvdov duh
erxqg e| wkh ghflvlrqv wdnhq dw dq hduolhu vwdjh> wkdw lv/ Frqjuhvv yrwhv gluhfwo|
rq hdfk vhsdudwh sursrvdo1 Wklv vhtxhqwldo surfhgxuh zlwk gl�huhqw djhqgd vhwwhuv
dfklhyhv vhsdudwlrq ri srzhuv1 Wkh uhdvrq lv wkdw wkh djhqgd vhwwhu dw hdfk vwdjh
lv d gl�huhqw srolwlfldq/ dffrxqwdeoh wr d gl�huhqw jurxs ri yrwhuv1 Qrwklqj frq0
vwudlqv zkdw nlqg ri frdolwlrqv fdq irup1 Lq rwkhu zrugv/ ohjlvodwlyh frkhvlrq�wkh
irfxv ri wkh qh{w vhfwlrq�lv devhqw1 Wkh srolwlfdo v|vwhp vwxglhg lq wklv vhfwlrq
fdswxuhv vrph ihdwxuhv ri d Suhvlghqwldo v|vwhp olnh wkdw ri wkh XV1 Wkh gluhfw
hohfwlrq ri wkh h{hfxwlyh pdnhv lw xqqhfhvvdu| wr irup d vwdeoh pdmrulw| wr vxs0
sruw d fdelqhw1 Rqh ri wkh djhqgd vhwwhuv frxog lqghhg eh wkh Suhvlghqw khuvhoi1
Iru vlpsolflw|/ zh irfxv pdlqo| rq wzr0vwdjh ghflvlrq pdnlqj/ zlwk rqh vwdjh iru
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wd{hv/ wkh rwkhu vwdjh iru wkh doorfdwlrq ri vshqglqj1 Dw wkh hqg/ zh frpphqw
rq krz wkh uhvxowv zrxog fkdqjh zlwk pxowlsoh vwdjhv dovr lq wkh doorfdwlrq ri
h{shqglwxuhv1

Yrwhuv xvh wkh vdph nlqg ri uhwurvshfwlyh yrwlqj uxohv iru wkhlu frqjuhvvlrqdo
uhsuhvhqwdwlyhv dv lq +616,/ pdnlqj wkhlu uhvhuydwlrq xwlolwlhv frqglwlrqdo rq zkhwkhu
wkhlu uhsuhvhqwdwlyh lv djhqgd vhwwhu iru wkh doorfdwlrq ri vshqglqj/ � ' @}c iru
wd{hv/ � ' @� c ru iru qhlwkhu=

(,
|n� ' � +714,

�s L �E^|� � K@} @?_ � ' @} @| |

�s L �E^|� � K@� @?_ � ' @� @| |

�s L �E^|� � K, @?_ � 9' @}c @� @| |�

Wkh h{whqvlyh irup ri wkh jdph lq d w|slfdo shulrg lv looxvwudwhg lq Iljxuh 51
Vshfl�fdoo|/ zh frqvlghu wkh iroorzlqj vhtxhqfh ri hyhqwv=

+3, Qdwxuh udqgrpo| vhohfwv wzr gl�huhqw djhqgd vhwwhuv dprqj wkh
lqfxpehqw ohjlvodwruv/ rqh iru wd{hv dqg rqh iru wkh doorfdwlrq ri sxeolf
vshqglqj/ @� c dqg @}cuhvshfwlyho| 1

+4, Yrwhuv vhw uhvhuydwlrq xwlolwlhv iru wkhlu yrwlqj uxoh/ K@} c K@� c K,�

+5, @� sursrvhv d wd{ udwh/ � 1

+6, Frqjuhvv yrwhv1 Li dw ohdvw wzr ohjlvodwruv duh lq idyru/ wkh srolf|
lv lpsohphqwhg� Rwkhuzlvh/ d ghidxow wd{ udwh � ' j 	 � lv hqdfwhg1

+7, @} sursrvhv d}c ir�jc io�jo/ vxemhfw wr wkh exgjhw frqvwudlqw= o n
rn } � �� �

+8, Frqjuhvv yrwhv1 Li dw ohdvw wzr ohjlvodwruv duh lq idyru/ wkh srolf| lv
lpsohphqwhg1 Rwkhuzlvh/ d ghidxow srolf|/ zlwk } ' fc o� ' f c r� ' � c
lv sxw lq sodfh1

+9, Hohfwlrqv duh khog1

Dq htxloleulxp lv gh�qhg dv lq wkh suhylrxv vhfwlrq/ h{fhsw wkdw khuh wkh
rswlpdolw| frqglwlrqv iru srolf| sursrvdov dqg iru yrwlqj e| wkh ohjlvodwruv pxvw
krog dw hdfk qrgh ri wkh jdph/ iru dq| yrwlqj uxoh dqg iru ghflvlrqv dw hduolhu
qrghv lq wkh vdph shulrg/ dqg wdnlqj lqwr dffrxqw wkh htxloleulxp ehkdylru dw
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vxevhtxhqw qrghv ri wkh vdph shulrg1 D suhflvh gh�qlwlrq fdq eh irxqg lq wkh
Dsshqgl{1

Wkh vwdwlrqdu| htxloleulxp lv xqltxh1 Lwv ihdwxuhv duh vxppdul}hg lq wkh iro0
orzlqj +d � vxshu0vfulsw vwdqgv iru Suhvlghqwldo0Frqjuhvvlrqdo v|vwhp,=

Sursrvlwlrq 51 Lq wkh htxloleulxp ri wkh Suhvlghqwldo0Frqjuhvvlrqdo
v|vwhp=

�� ' �3B*�
�n2B*�

	 �(

r� ' � E�3B�
�n2B*�

	 ru(

}� ' ��?Ee}c 2B
�n2B*�

� � }uc zkhuh e} lv vxfk wkdw M}Ee}� ' � : �*�(

o@� ' 2B
�n2B*�

� }� � o@uc o�� ' f sJo � 9' @(

K@� ' ME}��� }� n 2B
E�n2B*��

c K�� ' ME}�� iru � 9' @�

Doo srolwlfldqv duh uhhohfwhg1

Surri1 Wr suryh wklv sursrvlwlrq/ vwduw dw vwdjhv +7, dqg +8, ri wkh jdph1
Khuh/ wkh djhqgd vhwwhu @} wdnhv � dv jlyhq1 E| wkh vdph dujxphqw dv lq wkh
surri ri Ohppd 5/ lqfhqwlyh frpsdwlelolw| lpsolhv wkdw vkh pxvw jhw dw ohdvw=

r@} � 2� � B` +715,

dqg wkdw vkh r�huv=

r6} ' � � B` +716,

wr khu mxqlru frdolwlrq sduwqhu wr zlq dssurydo1 Wkxv/ wrwdo glyhuvlrq lq htxlole0
ulxp pxvw eh dw ohdvw=

r � �� � 2B`� +717,

Wrjhwkhu zlwk wkh exgjhw frqvwudlqw/ +717, lpsolhv wkdw yrwhuv fdqqrw jhw pruh
sxeolf jrrgv dqg uhglvwulexwlrq wkdq=

o n } � 2B`� +718,

Uhshdwlqj wkh vdph vwhsv dv lq wkh surri ri Ohppd 4/ rqh fdq vkrz wkdw
lq htxloleulxp doo o +li dq|, lv glvwulexwhg wr wkh glvwulfw ri @}� Wkdw lv/ o

@ ' o�
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Dv lq wkh suhylrxv vhfwlrq/ wkh yrwhuv ri � 9' @} ehfrph lqyroyhg lq d Ehuwudqg
frpshwlwlrq1 Li yrwhuv lq rqh glvwulfw ghpdqg pruh wkdq yrwhuv lq wkh rwkhu/
wkh| duh ohiw lq wkh plqrulw| dqg jhw qr wudqvihuv dw doo1 Pruhryhu/ li rqh glvwulfw
ghpdqgv d xwlolw| ohyho wkdw uhtxluhv srvlwlyh wudqvihuv/ iru dq| jlyhq wd{ udwh/ wkh
yrwhuv lq wkh rwkhu glvwulfw zloo xqghuelg wkhp e| dq lq�qlwhvlpdo dprxqw wr jhw
lqfoxghg lq wkh zlqqlqj frdolwlrq1 Wkxv/ wkh rqo| htxloleulxp lv rqh lq zklfk wkh
yrwhuv ri � 9' @} ghpdqg qr wudqvihuv dw doo iurp wkhlu uhsuhvhqwdwlyhv1

Jlyhq wklv surshuw| ri wkh htxloleulxp/ zkdw duh wkh rswlpdo dprxqwv ri o dqg
} iurp wkh srlqw ri ylhz ri wkh yrwhuv lq glvwulfw � ' @}q Wkhvh yrwhuv wdnh � dv
jlyhq dqg idfh wkh frqvwudlqw lq +718,1 Wkxv/ wkh rswlpdo doorfdwlrq ri jlyhq wd{
uhyhqxhv ehwzhhq } dqg o iurp wkhlu srlqw ri ylhz pd{lpl}hv do nME}�ocvxemhfw
wr +718,1 Wklv jlyhv= } ' ��?EM3�

} E��c 2B` �c o ' 2B` � }c dqg r ' �� � 2B`�
Qh{w/ frqvlghu vwdjh +5, dqg +6,1 E| dvvxpswlrq/ @� 9' @}c clpso|lqj wkdw

qhlwkhu @� qru wkh yrwhuv wkdw vkh uhsuhvhqwv duh gluhfw uhvlgxdo fodlpdqwv ri kljkhu
wd{hv1 Wkxv wkh rswlpdo yrwlqj uxoh uhtxluhv @� wr vhw wd{hv dv orz dv srvvleoh/
jlyhq wkh iroorzlqj lqfhqwlyh0frpsdwlelolw| frqglwlrq=

Ohppd 61 Lq wkh htxloleulxp ri wkh suhvlghqwldo0frqjuhvvlrqdo v|vwhp=
�� � �� B`�

�hLLu � Xqghu rxu vwdwhg dvvxpswlrqv/ srolf| ghflvlrqv duh pdgh vhtxhqwldoo|1
Khqfh wkhuh lv qr jxdudqwhh wkdw @� zloo eh lqfoxghg dv d mxqlru sduwqhu lq wkh
plqlpxp zlqqlqj frdolwlrq dw vwdjh +7,/ qhlwkhu lq wkh htxloleulxp vxejdph/
qru lq dq rxw0ri0htxloleulxp vxejdph1 Lw lv qdwxudo wr dvvxph wkdw @� zloo eh
lqfoxghg lq wkh zlqqlqj frdolwlrq zlwk suredelolw| 425 lq dq| vxejdph1 Xqghu
wklv dvvxpswlrq/ iru @� wr jr dorqj zlwk wkh htxloleulxp/ vkh pxvw uhfhlyh d sd|r�
ri=

r6*2 n B` � �_� +719,

Wkh ohiw0kdqg vlgh ri +719, lv wkh htxloleulxp frqwlqxdwlrq ydoxh iru @� zkhq
pdnlqj d sursrvdo � frqvlvwhqw zlwk htxloleulxp1 Lq wklv fdvh/ @� uhfhlyhv r6

zlwk suredelolw| �*2 +wkh suredelolw| ri ehlqj lqfoxghg lq wkh zlqqlqj frdolwlrq dw
vwdjh +7,,/ dqg lv uhdssrlqwhg zlwk fhuwdlqw|1 Rq wkh uljkw0kdqg vlgh ri +719,/ �_

ghqrwhv wkh h{shfwhg xwlolw| ri @� lq d glvhtxloleulxp klvwru|/ l1h1 diwhu d sursrvdo
ri � zklfk lv lqfrqvlvwhqw zlwk wkh uhvhuydwlrq xwlolw| uhtxluhg e| yrwhuv/ dqg diwhu
dssurydo ri wklv glvhtxloleulxp sursrvdo1 Zkdw lv wkh kljkhvw srvvleoh ydoxh ri
�_B Vxssrvh wkdw @� sursrvhg d wd{ udwh �

_ : �� 1 Lw lv hdv| wr vhh wkdw sur�wdeoh
ghyldwlrqv iurp wkh htxloleulxp pxvw eh wrzdugv kljkhu wd{ udwhv/ qhyhu wrzdugv
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orzhu rqhv1 Vxfk sursrvdov zrxog dozd|v eh dssuryhg e| @}/ zkr lv wkh uhvlgxdo
fodlpdqw ri kljkhu wd{hv1 Pruhryhu/ wkh djhqgd vhwwhu dw wkh qh{w vwdjh/ @}c zrxog
dozd|v frqwlqxh dorqj wkh glvhtxloleulxp/ sursrvlqj } ' o ' fc r@ ' 2� _c dqg
ohdylqj khu mxqlru frdolwlrq sduwqhu zlwk r6 ' �_� Doo ohjlvodwruv wkhq duh wkurzq
rxw ri r!fh rqfh hohfwlrqv duh khog� 7� Lw iroorzv wkdw wkh rswlpdo ghyldwlrq iru
@� zrxog eh wr vhw �

_ ' �� Lq wklv fdvh/ dqg wdnlqj lqwr dffrxqw wkdw @� lv lqfoxghg
lq wkh zlqqlqj frdolwlrq ri vwdjh +7, zlwk suredelolw| 425/ zh kdyh= �_ ' �*2� E|
+716, dqg +719,/ wkhuhiruh/ �� � �� B`�

Wkh rswlpdo yrwlqj uxoh iru wkh yrwhuv ri @� wkhuhiruh pdnhv khu sursrvh=

�� ' �� B`� +71:,

Vxfk d sursrvdo lv dozd|v dssuryhg e| wkh wklug ohjlvodwru/ � 9' @}c @� � Wkh uhdvrq
lv wkdw e| yrwlqj qr/ vkh fdxvhv � ' j� Li j 	 �� B` / wklv lv vhoi0ghihdwlqj/ dv doo
ohjlvodwruv duh uhvlgxdo fodlpdqwv ri kljkhu wd{ udwhv1 Li j : �� B`c wkhq xqghu
wkh htxloleulxp yrwlqj uxoh yrwlqj qr lpsolhv wkdw doo ohjlvodwruv duh wkurzq rxw
ri r!fh1 Exw wkhq/ e| wkh vdph dujxphqw dv deryh dqg jlyhq wkdw j 	 �/ wklv
|lhogv d orzhu xwlolw| wkdq dssurylqj wkh sursrvhg wd{ udwh1 '.(�

Zh fdq qrz hdvlo| frpsohwh wkh surri ri Sursrvlwlrq 51 Dv lq wkh suhylrxv
vhfwlrq/ ` lv gh�qhg e| +61;,1 Lqvhuwlqj +61;, dqg +71:, lq wkh suhylrxv h{suhv0
vlrqv dqg vroylqj iru rc } dqg o zh rewdlq wkh htxloleulxp ydoxhv vwdwhg lq wkh
sursrvlwlrq1

Lw lv lqwhuhvwlqj wr frpsduh wkh rxwfrph zlwk wkh rqh lq wkh vlpsoh ohjlvodwxuh1
Wkh suhvlghqwldo0frqjuhvvlrqdo v|vwhp udlvhv ohvv wd{hv/ vshqgv ohvv rq uhglvwulex0
wlrq/ dqg hqwdlov ohvv zdvwh ri uhvrxufhv1 Wkh ryhudoo dprxqw ri sxeolf jrrgv lv
wkh vdph/ ru vpdoohu lq wkh fdvh ri d fruqhu vroxwlrq1

Zkdw lv wkh lqwxlwlrq iru wkhvh uhvxowvB Wkh xqghusurylvlrq ri sxeolf jrrgv
rffxuv iru wkh vdph uhdvrq dv lq wkh vlpsoh ohjlvodwxuh1 Frpshwlwlrq ehwzhhq
glvwulfwv iru vkduhv lq wkh glvwulexwlyh slh/ gulyh doo htxloleulxp wudqvihuv/ li srv0
lwlyh/ wrzdugv d vlqjoh glvwulfw1 Wkh yrwhuv lq wkdw glvwulfw/ wkhuhiruh/ rswlpdoo|
wudgh r� sxeolf jrrgv djdlqvw uhglvwulexwlrq lq wkhlu idyru rqh iru rqh dqg vhyhuh
xqghusurylvlrq ri sxeolf jrrgv uhpdlqv1

7Idfhg zlwk d wd{ udwh �g A �F > wkh qh{w djhqgd vhwwhu dj frxog vhhn uhdssrlqwphqw e|

vhwwlqj ud @ uF. �g � �F / lq wklv zd| qhxwudol}lqj wkh h�hfwv ri wkh suhylrxv ghyldwlrq rq

khu yrwhuv1 Exw lw lv hdv| wr vhh wkdw dj zrxog dozd|v suhihu wr h{sorlw wkh kljk wd{hv wr

khu dgydqwdjh dqg irujr uhdssrlqwphqw1 Wkh lqwxlwlyh uhdvrq lv wkdw lq htxloleulxp dj pxvw

eh lqgl�huhqw ehwzhhq vhhnlqj uhdssrlqwphqw ru qrw1 Khqfh/ d kljkhu wd{ udwh surylghv pruh

rssruwxqlwlhv iru glyhuvlrq dqg wlowv wkh edodqfh lq idyru ri qr uhdssrlqwphqw1
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Ehfdxvh wkh yrwhuv lq glvwulfw @} ehfrph wkh uhvlgxdo fodlpdqwv rq wd{ uhyhqxh
qrw vshqw rq sxeolf jrrgv/ lq wkh vdph zd| dv lq wkh vlpsoh ohjlvodwxuh/ wkh
pdmrulw| ri yrwhuv zrxog olnh wr frqvwudlq uhglvwulexwlyh vshqglqj1 Dv wkh yrwhuv
lq glvwulfw @� lqghhg ehorqj wr wklv pdmrulw|/ wkh| kdyh d qdwxudo zd| ri grlqj vr/
qdpho| qrw wr uhhohfw @� xqohvv vkh nhhsv wd{hv dw wkh plqlpxp qhhghg wr �qdqfh
wkh rswlpdo ohyho ri sxeolf jrrgv/ jlyhq wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv lq
wkh srolwlfdo surfhvv1 Wkhvh fkhfnv dqg edodqfhv olplw wkh �hohfwlyh ghvsrwlvp� ri
wkh plqrulw| wkdw zdv suhvhqw lq wkh vlpsoh ohjlvodwxuh1

Ilqdoo|/ wkh orzhu zdvwh frphv derxw ehfdxvh wkh djhqgd vhwwhu frqwuroolqj wkh
glyhuvlrq/ qdpho| @} / qrz kdv dffhvv wr ohvv uhyhqxh1 Wkh pd{lpxp wkuhdw vkh fdq
lpsrvh rq wkh yrwhuv/ e| jrlqj iru wkh vkruw0uxq rswlrq ri glyhuwlqj doo dydlodeoh
uhvrxufhv/ lv wkxv vpdoohu1 Dv d uhvxow/ wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw wkh
yrwhuv idfh lv ohvv vhyhuh1 Wd{hv fdqqrw jr ehorz d orzhu erxqg/ krzhyhu/ dv
wkh ohjlvodwru sursrvlqj wd{hv kdv vrph fkdqfh ri jhwwlqj d +vpdoo, vkduh lq wkh
survshfwlyh uhqwv fuhdwhg e| d pd{lpdoo| glyhuvlyh Ohyldwkdq0vw|oh sursrvdo zlwk
pd{lpdo wd{hv1 Wkh jhqhudo lqwxlwlrq iru wklv uhvxow lv wkh vdph dv lq Shuvvrq/
Urodqg dqg Wdehoolql +4<<:,1 Zkhq ghflvlrq0pdnlqj dxwkrulw| lv vsolw ehwzhhq
gl�huhqw srolf|0pdnhuv/ zkr duh vwloo uhtxluhg wr pdnh ghflvlrqv mrlqwo|/ yrwhuv
fdq h{sorlw wkh frq lfw ri lqwhuhvw ehwzhhq wkh srolf|0pdnhuv wr pdnh wkhp pruh
dffrxqwdeoh1

Wklv htxloleulxp zrxog srwhqwldoo| euhdn grzq li frooxvlyh ghdov frxog eh
vwuxfn ehwzhhq wkh ohjlvodwruv1 Vxfk ghdov zrxog idfh gl!fxowlhv ri hqirufhphqw
ehfdxvh ghflvlrqv duh vhtxhqwldo/ krzhyhu1 Dq| lqlwldo surplvh pdgh e| @} wr @�
frqglwlrqdo rq wkh odwwhu vhwwlqj d kljk wd{ udwh fdqqrw eh fuhgleoh ehfdxvh @}
kdv doo edujdlqlqj srzhu rqfh wd{hv duh ghflghg1 Xqghu wkh uhdvrqdeoh dvvxps0
wlrq wkdw frqwudfwv ehwzhhq wkh ohjlvodwruv fdqqrw eh zulwwhq ru hqirufhg e| wklug
sduwlhv/ hqirufhphqw ri vxfk frooxvlyh ghdov zrxog kdyh wr uho| vroho| rq uhsxwd0
wlrqdo phfkdqlvpv1 Rqh h{fhswlrq zrxog eh d surplvh e| @} ri lqfoxglqj @� lq wkh
pdmrulw| frdolwlrq dw wkh doorfdwlyh vwdjh1 Fduu|lqj rxw wklv surplvh zrxog eh
h{0srvw +zhdno|, rswlpdo/ vlqfh @} lv lqgl�huhqw derxw wkh lghqwlw| ri klv frdolwlrq
sduwqhuv1 Doorzlqj iru wklv mrlqw ghyldwlrq zrxog euhdn wkh htxloleulxp ghvfulehg
deryh1 Lq rughu wr pdnh wkh htxloleulxp frooxvlrq surri/ Ohppd 6 zrxog kdyh wr
eh uhirupxodwhg1 Wkh frooxvlrq0surri lqfhqwlyh frqvwudlqw zrxog lpso| wkdw wd{hv
kdyh wr uhpdlq kljkhu wkdq vwdwhg lq Ohppd 618Xqghu d plog uhvwulfwlrq rq wkh

8Uhfdoo wkdq lq wkh surri ri Ohppd 6 zh frqvlghuhg htxloleuld lq zklfk d� kdg d 425 sure0
delolw| ri ehlqj lqfoxghg lq wkh pdmrulw| lq wkh vxevhtxhqw vwdjh1 Iru wkh htxloleulxp wr eh
frooxvlrq surri/ wklv suredelolw| zrxog kdyh wr eh vhw dw 41
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sdudphwhu ydoxhv ri wkh ghidxow rxwfrph/ jc krzhyhu/ lw zrxog uhpdlq wuxh wkdw
�� 	 ��

Zh kdyh dovr vwxglhg wkh pruh uhdolvwlf fdvh/ zkhuh wkh h{shqglwxuh doorfdwlrq
vwdjh lv ixuwkhu vsolw xs lqwr d uhglvwulexwlrq vwdjh/ zlwk ghflvlrqv wdnhq rq io�jc
dqg d sxeolf0jrrgv vwdjh/ zlwk ghflvlrqv wdnhq rq d}c ir,jo� Wkxv hdfk ohjlvodwru lv
dvvxphg wr kdyh djhqgd0vhwwlqj srzhu rq d vhsdudwh glphqvlrq ri sxeolf �qdqfh/
lq d forvhu dssur{lpdwlrq ri wkh XV frpplwwhh v|vwhp1 Wkh uhvxowv lq wklv iru0
pxodwlrq lv yhu| vlplodu wr wkh uhvxowv deryh1 Rqh lqwhuhvwlqj gl�huhqfh zh �qg lv
wkdw o ' f� Wkh uhdvrq lv wkdw qr sursrvdo zlwk srvlwlyh glvwulexwlrq fdq jhw htxl0
oleulxp vxssruw lq Frqjuhvv1 Wklv lv ehfdxvh wkh qrq0djhqgd vhwwlqj ohjlvodwruv
dw wkh uhglvwulexwlrq vwdjh ehqh�w qhlwkhu gluhfwo| qru lqgluhfwo| iurp vxfk uhglv0
wulexwlrq dqg zrxog udwkhu kdyh wkh wd{ uhyhqxh vshqw rq uhqwv iru wkhpvhoyhv1
Wklv fdvh lv irupdoo| dqdo|}hg lq wkh Dsshqgl{1

Zh kdyh dovr vwxglhg zkdw kdsshqv zkhq zh lqwurgxfh d suhvlghqw zlwk yhwr
srzhuv ru sursrvdo srzhuv/ dqg hohfwhg rq d qdwlrqdo edoorw1 Jhqhudoo| vshdnlqj/
wkh uhvxowv duh djdlq vlplodu1 Li wkh suhvlghqw kdv sursrvdo srzhu ryhu wd{hv/
wkh pdmrulw| ri yrwhuv/ qrw ehqh�wwlqj iurp vxevhtxhqw uhglvwulexwlrq/ rewdlq
d qdwxudo fkhfn zlwk zklfk wkh| fdq edodqfh wkh srzhu ri vxevhtxhqw djhqgd
vhwwhuv19 Dq lqwhuhvwlqj h{whqvlrq iru ixwxuh zrun zrxog eh wr hqgrz wkh Suhvlghqw
zlwk d olqh0lwhp yhwr1

81 D sduoldphqwdu| v|vwhp

Sduoldphqwdu| v|vwhpv w|slfdoo| glvsod| �ohjlvodwlyh frkhvlrq�= wkh h{hfxwlyh lv df0
frxqwdeoh wr d pdmrulw| lq Sduoldphqw/ udwkhu wkdq gluhfwo| wr wkh yrwhuv/ dqg wkh
frdolwlrq sduwqhuv lq wkh pdmrulw| vxssruwlqj wkh h{hfxwlyh whqg wr yrwh wrjhwkhu
iru sursrvhg ohjlvodwlrq1 Wkh joxh wkdw xowlpdwho| pdnhv wkh pdmrulw| frdolwlrq
vwlfn wrjhwkhu lv wkh wkuhdw ri d jryhuqphqw fulvlv/ zklfk pd| ohdg wr d gl�huhqw
jryhuqphqw +ru wr qhz hohfwlrqv,1 Vxfk d jryhuqphqw euhdnxs lv frvwo| iru wkh
frdolwlrq sduwqhuv/ dv wkh| ulvn iruhjrlqj wkh ydoxdeoh djhqgd0vhwwlqj srzhuv dv0
vrfldwhg zlwk plqlvwhuldo sruwirolrv lq d sduoldphqwdu| v|vwhp +vhh Glhuphlhu dqg

9Shuvvrq/ Urodqg dqg Wdehoolql +4<<:, glvfxvv wkh fkhfnv dqg edodqfhv dvvrfldwhg zlwk vh0
txhqwldo exgjhwlqj lq d suhvlghqwldo v|vwhp1 Fkdul/ Mrqhv dqg Pdulprq +4<<:, rewdlq d uhodwhg
uhvxow lq d vhwwlqj zlwk survshfwlyh yrwhuv dqg rxwfrph0rulhqwhg srolwlfldqv= e| hqgrjhqrxvo|
hohfwlqj d ��vfdoo| frqvhuydwlyh� suhvlghqw/ yrwhuv froohfwlyho| pdqdjh wr frqwuro wkh ryhuvshqg0
lqj ri d Frqjuhvv/ wr zklfk hyhu| glvwulfw �qgv lw lqglylgxdoo| rswlpdo wr hohfw d �pd{lpdoo|
vshqgwkuliw� uhsuhvhqwdwlyh1
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Ihgghuvhq +4<<9,,1
Wr pdnh d frpsdulvrq zlwk Suhvlghqwldo0Frqjuhvvlrqdo v|vwhpv/ zh frxog frq0

vlghu d yhu| forvh dqdorj wr wkh jdph lq Vhfwlrq 7/ qdpho| d wzr0vwdjh exgjhwlqj
surfhvv zlwk d jryhuqphqw irupdwlrq vwdjh dqg d survshfwlyh jryhuqphqw euhdnxs
diwhu wkh doorfdwlrq vwdjh1 Wkh uhvxowv iurp vxfk d irupxodwlrq +glvfxvvhg lq wkh
Dsshqgl{, wxuq rxw wr eh lghqwlfdo/ krzhyhu/ wr wkh uhvxowv iurp wkh pruh jhqhudo
dqg uhdolvwlf vhwwlqj wkdw zh suhvhqw ehorz1

Zh frqvlghu d ohjlvodwlyh edujdlqlqj jdph wkdw vwduwv zlwk d jryhuqphqw iru0
pdwlrq vwdjh1 Wkh vhohfwhg sulph plqlvwhu fkrrvhv d jryhuqphqw sduwqhu dqg rs0
wlpdoo| doorfdwhv wkh djhqgd0vhwwlqj srzhuv ryhu uhglvwulexwlrq dqg sxeolf jrrgv
fxp glyhuvlrq/ uhvshfwlyho|/ ehwzhhq khuvhoi dqg khu frdolwlrq sduwqhu1: D vhtxhq0
wldo exgjhw suhsdudwlrq vwdjh zlwklq jryhuqphqw iroorzv/ zkhuh sursrvdov duh �uvw
pdgh iru wd{hv/ qh{w iru uhglvwulexwlrq/ dqg �qdoo| iru sxeolf jrrgv fxp glyhuvlrq1
Wkh suhsduhg jryhuqphqw exgjhw wkhq jrhv wr Sduoldphqw iru d yrwh1 Lq wklv yrwh/
zklfk fdq eh wkrxjkw ri dv d yrwh ri frq�ghqfh rq wkh jryhuqphqw/ hdfk frdolwlrq
sduwqhu kdv d yhwr uljkw1 Wklv yhwr uljkw jlyhv hqkdqfhg edujdlqlqj srzhu ryhu
srolf| sursrvdov wr wkh mxqlru frdolwlrq sduwqhu lq jryhuqphqw1 Wr vlpsoli| wkh
dqdo|vlv/ zh dvvxph wkdw/ lq fdvh ri d jryhuqphqw fulvlv +rqh frdolwlrq sduwqhu vd|v
qr,/ wkh ghflvlrq0pdnlqj surfhvv uhyhuwv wr wkh vdph uxohv dv lq wkh vlpsoh ohj0
lvodwxuh zlwkrxw frkhvlrq1 Wklv pd| eh d sodxvleoh dvvxpswlrq lq sduoldphqwdu|
v|vwhpv zlwkrxw d frqvwuxfwlyh yrwh ri qr0frq�ghqfh1 H{dplqlqj dowhuqdwlyh uxohv
iru jryhuqphqw euhdn0xs/ dv lq Edurq +4<<:,/ lv dq lqwhuhvwlqj lvvxh iru ixuwkhu
zrun1

Wkh vshfl�f jdph zh h{dplqh lq hdfk shulrg lv looxvwudwhg lq Iljxuh 61 Lw
frqvlvwv ri wkh iroorzlqj vwdjhv=

+3, Qdwxuh vhohfwv udqgrpo| d �Sulph Plqlvwhu� @�

+4, Wkh Sulph Plqlvwhu @ +udqgrpo|, vhohfwv d sduwqhu 6c jlyhv khu
rqh ri wkh vshqglqj sruwirolrv/ @o ru @} / nhhslqj wkh rwkhu vshqglqj
sruwirolr iru khuvhoi1

+5, Yrwhuv irupxodwh wkhlu uh0hohfwlrq vwudwhjlhv/ frqglwlrqdo rq wkh vwd0
wxv ri wkhlu uhsuhvhqwdwlyh1 Wkhvh vwudwhjlhv ehfrph sxeolfo| nqrzq1

+6, Wkh Sulph Plqlvwhu @ sursrvhv d ydoxh iru � G �@�

:Odyhu dqg Vkhsvoh +4<<9, surylgh dq h{kdxvwlyh wuhdwphqw ri d frqvlghudeo| ulfkhu irupdo
prgho ri jryhuqphqw irupdwlrq1 Exw lq wkhlu irupdo dqdo|vlv/ wkh| ljqruh wkh erwk wkh hohfwrudo
vwdjh dqg wkh wuhdwphqw ri jryhuqphqw sursrvdov lq sduoldphqw1
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+7, Wkh �Uhglvwulexwlrq Plqlvwhu� @o sursrvhv io
�j G o@o � ��@�

+8, Wkh �Sxeolf Jrrgv Plqlvwhu� @} sursrvhv d}@} c
q
r,
r
o G o@o n }@} n

r@} � ��@�

+9, Hdfk ri wkh frdolwlrq sduwqhuv fdq yhwr wkh mrlqw sursrvdo iurp
vwdjhv +6,0+8,1 Li dssuryhg e| erwk/ wkh sursrvdo lv lpsohphqwhg dqg
wkh jdph jrhv rq wr vwdjh +44,1 Li qrw/ wkh jryhuqphqw idoov dqg wkh
jdph jrhv rq wr vwdjh +:*,1

+:*, Qdwxuh udqgrpo| vhohfwv d qhz djhqgd vhwwhu @��

+;*, Yrwhuv uhirupxodwh wkhlu uh0hohfwlrq vwudwhjlhv/ frqglwlrqdo rq wkh
vwdwxv ri wkhlu uhsuhvhqwdwlyh diwhu wkh jryhuqphqw fulvlv1

+<*, Wkh djhqgd0vhwwhu @� sursrvhv dq hqwluh doorfdwlrq ^@��

+43*, Wkh sduoldphqw yrwhv rq wklv sursrvdo1 Li dssuryhg e| dw ohdvw
wzr ohjlvodwruv/ ^@� lv lpsohphqwhg1 Li qrw/ wkh ohjlvodwlyh edujdlqlqj
hqgv dqg d ghidxow rxwfrph zlwk � ' r� ' j dqg } ' o� ' f lv
lpsohphqwhg1

+44, Hohfwlrqv duh khog

Ohjlvodwruv kdyh wkh vdph remhfwlyh ixqfwlrqv dv lq Vhfwlrq 61 Hohfwlrqv wdnh
sodfh lq hdfk glvwulfw dw wkh hqg ri hdfk shulrg1 Lq wkhvh hohfwlrqv/ dv ehiruh/ yrwhuv
lq hdfk glvwulfw frruglqdwh rq xwlolw|0pd{lpl}lqj uhwurvshfwlyh yrwlqj vwudwhjlhv/
frqglwlrqlqj wkhlu uh0hohfwlrq rq wkh srvlwlrq ri wkhlu uhsuhvhqwdwlyh= rxwvlgh wkh
jryhuqphqw/ ru zklfk srvlwlrq/ li lqvlgh jryhuqphqw=

(,
|n� ' � +814,

�s L �E^|� � K@c � ' @

Jo L �E^|� � K6 � ' 6

Jo L �E^|� � K? � 9' @c6c

dqg djhqgd vhwwhu/ ru qrw lq wkh fdvh d euhdngrzq ri jryhuqphqw kdv rffxuuhg=

(,
|n� ' � +814*,

�s L �E^|� � K@
�

� ' @�

Jo Jo L �E^|� � K,
�

� 9' @��

Dq htxloleulxp lv gh�qhg dqdorjrxvo| dv lq suhylrxv vhfwlrqv1 D suhflvh gh�qlwlrq
fdq eh irxqg lq wkh Dsshqgl{1 Wkh uhvxowlqj htxloleulxp gl�huv pdlqo| iurp wkh
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htxloleulxp lq wkh suhvlghqwldo0frqjuhvvlrqdo v|vwhp lq wkdw hqgrjhqrxv ohjlvodwlyh
frkhvlrq suhyhqwv rxwfrphv zkhuh rqo| wkh uhjlrq ri wkh Uhglvwulexwlrq Plqlvwhu
ehqh�wv iurp uhglvwulexwlrq1 Wkh pruh htxdo glvwulexwlrq +wkh plqrulw| uhjlrq vwloo
jhwv qrwklqj, lv dvvrfldwhg zlwk ohvv xqghusurylvlrq ri sxeolf jrrgv1 Krzhyhu/
ohjlvodwlyh frkhvlrq lv dovr dq hqjlqh ri frooxvlrq/ zklfk holplqdwhv wkh fkhfnv
dqg edodqfhv suhvhqw lq d suhvlghqwldo0frqjuhvvlrqdo v|vwhp1 Dv d uhvxow/ wkh
htxloleulxp kdv kljkhu wd{hv dqg pruh glyhuvlrq1

Lq htxloleulxp wkh jryhuqphqw lqfrusrudwhv wzr ohjlvodwruv +ru jurxsv ri ohj0
lvodwruv,/ d sulph plqlvwhu/ ghqrwhg e| @c dqg khu frdolwlrq sduwqhu/ vd| 6� Wkh
sulph plqlvwhu rswlpdoo| fkrrvhv wkh Sxeolf Jrrgv sruwirolr iru khuvhoi/ ohdylqj
wkh Uhglvwulexwlrq sruwirolr iru khu frdolwlrq sduwqhu1 Wkh uhdvrq lv wkdw wkh
Sxeolf Jrrgv sruwirolr fduulhv djhqgd vhwwlqj srzhu iru wkh uhqwv doorfdwlrq +wkh

yhfwru
q
r,
r
,1 Hyhq wkrxjk ohjlvodwlyh frkhvlrq gloxwhv djhqgd vhwwlqj srzhu vrph0

zkdw/ lw uhpdlqv wuxh wkdw wkh djhqgd vhwwhu ryhu
q
r,
r
lq htxloleulxp dssursuldwhv

d odujhu vkduh ri wkh uhqwv> vhh Sursrvlwlrq 6 ehorz1
Wkh ihdwxuhv ri wkh htxloleulxp duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq

+wkh � vxshuvfulsw vwdqgv iru Sduoldphqwdu| v|vwhp,/ zklfk lv irupdoo| suryhg lq
wkh Dsshqgl{=

Sursrvlwlrq 61 Lq wkh Sduoldphqwdu| v|vwhp wkhuh lv d frqwlqxxp
ri htxloleuld lqgh{hg e| kczlwk k � k � k ��eoe kc k duh nqrzq
sdudphwhuv vxfk wkdw= f � k 	 �

�
c 2

�
	 k 	 �� U? doo wkh htxloleuld lq

zklfk �*� � k � 2*� G

o� ' 2B
�3B*�

� }� � fc o@� ' E�� k�o� dqg o6� ' ko� 1

}� ' ��?dM3�

} Ek�c 2B
�3B*�

o : }��

r� ' � �3B
�3B*�

' ru : r�c r@� ' 2

�
r� c r6� ' �

�
r� �

�� ' � ' �u : ���

K@� ' ME}� �nE��k�o� c K6� ' ME}� �nko� c K?� ' ME}� �c K@
�� '

MEe}� n }� n o� � e}c K,� ' MEe}��
Doo srolwlfldqv duh uh0hohfwhg dqg d jryhuqphqw fulvlv qhyhu rffxuv 1

Iru hdvh ri frpsdulvrq/ Wdeoh 4 vxppdul}hv wkh rxwfrphv lq wklv v|vwhp/ lq
wkh Suhvlghqwldo0Frqjuhvvlrqdo v|vwhp +lqgh{hg e| �� dqg lq wkh vlpsoh ohjlvodwxuh
+lqgh{hg e| u,
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Wkh nh| wr xqghuvwdqglqj wkh ihdwxuhv ri wklv htxloleulxp lv wkh yhwr uljkw
hqmr|hg e| wkh mxqlru frdolwlrq sduwqhu 6� Xqghu wkh dvvxphg wlplqj/ wklv yhwr
uljkw doorzv yrwhuv lq wkh60glvwulfw wr ghpdqg d kljk vkduh ri uhglvwulexwlrq zlwk0
rxw ihdu ri ehlqj h{foxghg iurp wkh frdolwlrq1 Idfhg zlwk vxfk d uhtxhvw iurp
wkh yrwhuv/ wkhlu srolwlfdo uhsuhvhqwdwlyhv kdyh wr frpso| lq rughu wr eh uh0hohfwhg1
Lq htxloleulxp/ wkh uhtxhvwv ri yrwhuv lq gl�huhqw glvwulfwv kdyh wr eh pxwxdoo|
frpsdwleoh1 Exw wkhuh duh pdq| zd|v lq zklfk wklv fdq kdsshq1 Khqfh wkh
pxowlsolflw| ri htxloleuld1 Lq rwkhu zrugv/ elodwhudo prqrsro| uhsodfhv Ehuwudqg0
frpshwlwlrq lq wkh ghwhuplqdwlrq ri wkh uhglvwulexwlyh exgjhw1 Wkh uhvhuydwlrq
xwlolwlhv K@ dqg K6 fdq eh wkrxjkw ri dv wkh wkuhdw srlqwv lq lqwud0jryhuqphqw edu0
jdlqlqj/ zkhuh wkh plqlvwhuv dfw rq wkhlu frqvwlwxhqflhv* ehkdoi1 Iru frqvlvwhqf|/
lq htxloleulxp d kljkhu K@ lv dvvrfldwhg zlwk d orzhu K6 1 Wkdw lv/ wkh vwurqjhu
lv wkh lqgluhfw edujdlqlqj srvlwlrq ri wkh yrwhuv lq uhjlrq @c wkh zhdnhu lv wkdw ri
yrwhuv lq glvwulfw 6�

Wkhvh pxowlsoh htxloleuld wkxv kdyh qrwklqj wr gr zlwk wkh lq�qlwh0krul}rq iron
wkhruhp +zh kdyh uxohg rxw vxfk pxowlsolflw| e| wkh uhvwulfwlrq wr �klvwru|ohvv�
vwudwhjlhv,1 Lqvwhdg/ wkh| duh pxowlsoh Qdvk htxloleuld lq wkh jdph ehwzhhq yrwhuv
lq uhjlrqv @ dqg6� Wkh| duh forvho| uhodwhg wr wkh pxowlsoh htxloleuld lq ghohjdwlrq
jdphv zlwk revhuydeoh frqwudfwv/ dqdo|}hg e| Ihuvkwpdq/ Ndodl dqg Mxgg +4<<4,1
Khuh wkh yrwlqj vwudwhjlhv sod| wkh uroh ri revhuydeoh frqwudfwv1 Wkh erxqgv rq k/
k 	 k 	 kc frph derxw/ ehfdxvh rxwvlgh wklv udqjh/ wkh yrwhuv lq wkh glvwulfw zlwk
wkh orz glvwulexwlyh vkduh duh ehwwhu r� +lq h{shfwhg whupv, lq wkh vxejdph diwhu
d jryhuqphqw fulvlv/ zklfk zrxog euhdn wkh sursrvhg htxloleulxp lq Sursrvlwlrq
61

D gluhfw frqvhtxhqfh ri wkh pruh htxdo glvwulexwlrq ri uhyhqxhv lqvlgh wkh
jryhuqlqj frdolwlrq lv d kljkhu surylvlrq ri sxeolf jrrgv wkdq lq wkh suhvlghqwldo0
frqjuhvvlrqdo v|vwhp1 Zk| lv wklvB Frqvlghu wkh Uhglvwulexwlrq Plqlvwhu*v sur0
srvdo dw vwdjh +7,1 Xqolnh wkh fruuhvsrqglqj djhqgd vhwwhu lq Vhfwlrq 7/ wkh
Uhglvwulexwlrq Plqlvwhu grhv qrw wudgh r� rqh groodu ri sxeolf jrrgv djdlqvw rqh
groodu uhglvwulexwhg wr khu rzq glvwulfw/ exw rqo| djdlqvw d iudfwlrq k ri d groodu
uhglvwulexwhg 1 Khqfh/ wkh rssruwxqlw| frvw ri sxeolf jrrgv lv orzhu/ dqg wkh htxl0
oleulxp surylvlrq lv odujhu1 Wklv frphv derxw ehfdxvh wkh orzhu lv k/ wkh odujhu
lv wkh lqfhqwlyh ri wkh uhglvwulexwlrq plqlvwhu wr ohdyh pruh uhyhqxh wr wkh sxeolf
jrrgv plqlvwhu dw vwdjh +8,1 Lqghhg/ d vxsso| ri sxeolf jrrgv dw wkh �uvw0ehvw ohyho
zlwk M} ' k ' �

�
lv zlwklq wkh htxloleulxp udqjh1

Wkh wkuhdw ri jrlqj wkurxjk d jryhuqphqw fulvlv zklfk lv wkhq iroorzhg e| d
vlpsoh ohjlvodwlyh jdph hqdeohv wkh ohjlvodwruv wr dssursuldwh dv pxfk uhqwv dv lq
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wkh vlpsoh ohjlvodwxuh/ luuhvshfwlyh ri wkh htxloleulxp wd{ udwh1 Khqfh/ djjuhjdwh
r lv wkh vdph dv lq wkh vlpsoh ohjlvodwxuh/ dowkrxjk wkh uhqwv duh glvwulexwhg pruh
htxdoo| zlwklq wkh pdmrulw|1

Lw lv dovr hdv| wr xqghuvwdqg wkh kljkhu htxloleulxp wd{ udwh1 Ehfdxvh d pdmru0
lw| ri wkh yrwhuv/ qdpho| wkh yrwhuv lq glvwulfwv @ dqg6c qrz ehqh�wv iurp uhglvwul0
exwlrq dw wkh h{shqvhv ri d plqrulw|/ wkh jryhuqlqj pdmrulw| kdv d vwurqj lqfhqwlyh
wr lqgxfh wkhlu hohfwhg uhsuhvhqwdwlyhv wr pd{lpl}h wd{ uhyhqxhv1 Wrjhwkhu zlwk
wkh kljkhu wd{hv jrhv d kljkhu ohyho ri ryhudoo uhglvwulexwlyh h{shqglwxuhv wkdq lq
wkh suhvlghqwldo0frqjuhvvlrqdo v|vwhp1

Ilqdoo|/ lq wkh htxloleuld zlwk 2*� 	 k 	k dqg k
3

	 k 	 �*�c wkh yrwhuv

lq wkh glvwulfw ri rqh ri wkh wzr frdolwlrq sduwqhuv vx�hu d qhw orvv iurp wkh
uhglvwulexwlrq�zklfk glvwulfw ghshqgv rq zkhwkhu k lv kljk ru orz1 Khqfh/ wkh|
zrxog olnh wr frqvwudlq wkh ryhudoo ohyho ri wd{dwlrq ehorz xqlw|1 Zh glvuhjdug
vxfk orz wd{ htxloleuld zlwk d yhu| xqhtxdo vkdulqj ri wkh ryhudoo uhglvwulexwlrq1
+Kljk wd{ htxloleuld frqwlqxh wr h{lvw lq wklv udqjh/ krzhyhu/ dv wkh yrwhuv zlwk
wkh orz glvwulexwlyh vkduh�e| gh�qlwlrq ri +:1:, dqg +:1;,�vwloo kdyh d kljkhu
sd|r� zlwk � ' � wkdq wkhlu h{shfwhg sd|r� diwhu d jryhuqphqw fulvlv1,

Qrz wkdw zh kdyh d fkdudfwhul}dwlrq ri wkh htxloleuld lq wkh Suhvlghqwldo0
Frqjuhvvlrqdo dqg lq wkh Sduoldphqwdu| v|vwhp/ zh fdq dvn zklfk rqh lv ehwwhu
iru wkh yrwhuv1 Xvlqj wkh htxloleulxp doorfdwlrq lq Sursrvlwlrqv 5 dqg 6 dv zhoo dv
+515,0+516,/ zh fdq frpsxwh wkh h{ dqwh h{shfwhg xwlolw| ri d yrwhu lq dq| ri wkh
wkuhh glvwulfwv/ lq hdfk ri wkh wzr v|vwhpv1 Vwudljkwiruzdug fdofxodwlrqv jlyh wkh
iroorzlqj h{shfwhg xwlolw| gl�huhqfh ehwzhhq wkh Sduoldphqwdu| dqg Suhvlghqwldo0
Frqjuhvvlrqdo v|vwhpv=

.E��� �� .E����o +815,

'
�

�� B

%
dEME}� ��

�

�
}� �� EME}���

�

�
}��o�

BE�� B�

E�� B*��E� n 2B*��

&
�

Wkh �uvw whup lqvlgh wkh odujh vtxduh eudfnhw fdswxuhv wkh zhoiduh h�hfw ri kljkhu
sxeolf jrrgv surylvlrq dqg lwv �qdqflqj xqghu wkh Sduoldphqwdu| v|vwhp1 Lw lv
dozd|v srvlwlyh +dw ohdvw dv orqj dv k � �

�
�c dv wkh h{suhvvlrq ME}� � �

�
} lv pd{0

lpl}hg dw wkh vrfldoo| rswlpdo ohyho +fi1 Vhfwlrq 5,1 Wkh vhfrqg whup fdswxuhv
wkh zhoiduh h�hfw ri wkh kljkhu zdvwh +dqg kljkhu dvvrfldwhg wd{hv, xqghu wkh sdu0
oldphqwdu| v|vwhp1 Lw lv dozd|v qhjdwlyh1 Orrvho| vshdnlqj/ wkh sduoldphqwdu|
v|vwhp lv wkxv ehwwhu iru wkh yrwhuv li sxeolf jrrgv duh yhu| ydoxdeoh +vr wkdw }�

lv frqvlghudeo| kljkhu wkdq }��c ru li wkh srolwlfdo djhqf| sureohp lv vpdoo +dv B
dssurdfkhv xqlw|,1
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Hyhq wkrxjk zh gr qrw zdqw wr jhw lqwr wkh gl!fxow txhvwlrq derxw hqgrjh0
qrxv lqvwlwxwlrqdo fkrlfh lq wklv sdshu/ wklv uhvxow jlyhv vrph lqglfdwlrq dv wr
xqghu zkdw frqglwlrqv zh pd| revhuyh wkh wzr v|vwhpv1 Qrwh/ krzhyhu/ wkdw
wkh whqvlrq ehwzhhq d Sljryldq dqg d Ohyldwkdq dssurdfk dsshduv dw wkh ohyho
ri lqvwlwxwlrqdo fkrlfh dv zhoo1 Dv uhqwv duh dozd|v kljkhu lq wkh Sduoldphqwdu|
v|vwhp lq rxu prgho/ wklv v|vwhp zrxog dozd|v eh suhihuuhg e| wkh ohjlvodwruv +wkh
h{shfwhg xwlolw| gl�huhqfh iru d ohjlvodwru zrxog mxvw eh wkh qhjdwlyh ri wkh vhfrqg
whup lq +815,,1 Vr wkh rxwfrph ri d uhihuhqgxp dqg d yrwh lq wkh ohjlvodwxuh rq
lqvwlwxwlrqdo uhirup pljkw eh yhu| gl�huhqw1 Wklv lq wxuq vxjjhvwv wkdw lw pd|
eh xqzlvh wr ghohjdwh frqvwlwxwlrqdo uhirupv wr wkh vdph hohfwhg srolwlfdo uhsuh0
vhqwdwlyhv wkdw duh wkhq vxssrvhg wr fkrrvh sxeolf srolf| zlwklq wkh uhiruphg
frqvwlwxwlrq1 Frqvwlwxwlrqdo uhirupv lq wkh wuxh lqwhuhvwv ri wkh yrwhuv duh pruh
olnho| wr eh fduulhg rxw e| d Frqvwlwxwlrqdo Dvvhpeo| hohfwhg iru wkdw vshfl�f
sxusrvh1

91 Frqfoxglqj uhpdunv

Wzr nh| ihdwxuhv glvwlqjxlvk uhdo0zruog srolwlfdo v|vwhpv= sduoldphqwdu| v|vwhpv
kdyh ohvv vhsdudwlrq ri srzhuv exw pruh ohjlvodwlyh frkhvlrq wkdq suhvlghqwldo0
frqjuhvvlrqdo v|vwhpv1 Zh kdyh kljkoljkwhg wkh sxeolf0�qdqfh lpsolfdwlrqv ri
wkhvh ihdwxuhv1 Vhsdudwlrq ri srzhuv lq suhvlghqwldo0frqjuhvvlrqdo v|vwhpv doorzv
yrwhuv wr frqwuro uhqw glyhuvlrq dqg olplw wkh vl}h ri jryhuqphqw/ exw wkh dvvr0
fldwhg devhqfh ri ohjlvodwlyh frkhvlrq lpsolhv xqghusurylvlrq ri sxeolf jrrgv dqg
uhglvwulexwlrq wr plqrulwlhv1 Ohjlvodwlyh frkhvlrq lq sduoldphqwdu| v|vwhpv lpsolhv
kljkhu surylvlrq ri sxeolf jrrgv dqg uhglvwulexwlrq wr eurdghu pdmrulwlhv/ exw wkh
dvvrfldwhg devhqfh ri vhsdudwlrq ri srzhuv shuplwv pruh glyhuvlrq dqg d kljkhu
wd{ exughq1

Wkh prgho jhqhudwhv fohdu suhglfwlrqv uhjduglqj wkh ohyho dqg frpsrvlwlrq ri
jryhuqphqw vshqglqj dv d ixqfwlrq ri wkh srolwlfdo v|vwhp1 Wkhvh suhglfwlrqv gr
qrw vhhp dw rggv zlwk wkh eurdg hpslulfdo slfwxuh ri suhvlghqwldo dqg sduoldphq0
wdu| v|vwhpv1 Rxu dqdo|vlv vxjjhvw/ krzhyhu/ wkdw rqh vkrxog ghyhors hpslulfdo
phdvxuhv ri vhsdudwlrq ri srzhuv dqg ri ohjlvodwlyh frkhvlrq/ ehiruh frqiurqwlqj
wkhvh suhglfwlrqv zlwk gdwd rq sxeolf �qdqfhv lq gl�huhqw frxqwulhv1 Dovr/ zkdw zh
kdyh ghulyhg duh fhwhulv sdulexv suhglfwlrqv iru wkh ohyho dqg frpsrvlwlrq ri jry0
huqphqw vshqglqj1 Lq hpslulfdo zrun/ rqh pxvw ri frxuvh krog rwkhu survshfwlyh
vrflr0hfrqrplf ghwhuplqdqwv ri wkhvh yduldeohv frqvwdqw1

Rxu dqdo|vlv ixuwkhu vxjjhvwv d uhfrqvlghudwlrq ri wudglwlrqdo w|srorjlhv lq
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frpsdudwlyh srolwlfv1 Lq sduwlfxodu/ d srolwlfdo v|vwhp zlwk dq lqghshqghqwo|
hohfwhg Suhvlghqw exw zlwk lqvwlwxwlrqv jhqhudwlqj ohjlvodwlyh frkhvlrq/ pd| eh
pxfk forvhu wr d sduoldphqwdu| v|vwhp lq lwv srolf| rxwfrphv1 Wklv zrxog eh wkh
fdvh iru wkh Iuhqfk srolwlfdo v|vwhp/ zklfk lv riwhq fodvvl�hg dv �vhpl0suhvlghqwldo�1
Wkh uhfhqw shulrgv ri �frkdelwdwlrq� looxvwudwh wkdw wkh pdmrulw| lq wkh Iuhqfk
sduoldphqw uhdoo| kdv pruh srzhuv wkdq wkh hohfwhg suhvlghqw +vhh h1j1 Slhufh
+4<<4,,1

Wkh wkhruhwlfdo dqdo|vlv lq wkh sdshu frxog uhdglo| eh h{whqghg lq gl�huhqw
gluhfwlrqv1 Rqh gluhfwlrq zrxog eh wr lqwurgxfh +lq wkh prgho ri Vhfwlrq 7, d
suhvlghqw zkr frxog yhwr wkh zkroh frqjuhvvlrqdo exgjhw sursrvdo ru slhfhv ri lw1
Wkh odwwhu/ olqh0lwhp/ yhwr pljkw doorz wkh suhvlghqw wr ehwwhu glvflsolqh frqjuhvv/
exw dovr pdnhv wkh suhvlghqw d pruh gluhfw suh| iru vshfldo lqwhuhvwv1 Dqrwkhu
gluhfwlrq zrxog eh wr frqvlghu krz dowhuqdwlyh uxohv iru jryhuqphqw euhdnxs lq
sduoldphqwdu| v|vwhp zrxog dowhu wkh wudgh0r�v lq sxeolf �qdqfh +lq wkh prgho ri
Vhfwlrq 8,1 Wkh uhvxowv lq Edurq +4<<:, vxjjhvw wkdw gl�huhqw uxohv zrxog ixqgd0
phqwdoo| uhglvwulexwh wkh edujdlqlqj srzhuv dprqj wkh phpehuv ri wkh jryhuqlqj
frdolwlrq1 D wklug gluhfwlrq zrxog eh wr frqvlghu gl�huhqw hohfwrudo v|vwhpv wkdq
soxudolw| uxoh lq vlqjoh0phpehu glvwulfwv1 Lq wkh prgho/ sursruwlrqdo uhsuhvhqwd0
wlrq frxog eh fdswxuhg e| vwxg|lqj rqh glvwulfw dqg wkuhh uhsuhvhqwdwlyhv hohfwhg
lq wkdw glvwulfw1 Sursruwlrqdo uhsuhvhqwdwlrq lv olnho| wr lqwurgxfh frpshwlwlrq
dprqj wkh yrwhuv zlwklq glvwulfwv/ dorqj wkh olqhv ri Ihuhmrkq +4<;9,1 Ilqdoo|/ lw
zrxog eh ghvludeoh wr lqwurgxfh lqglylgxdo khwhurjhqhlw| dqg frdolwlrq irupdwlrq
+�sduwlhv�, dfurvv glvwulfwv> d vlpsoh irupxodwlrq zrxog eh wr pdnh xwlolw| ri sxeolf
jrrgv k�ME}� zlwk k� kdylqj wkh vdph glvwulexwlrq 8 Ek�� lq hdfk glvwulfw1

Ilqdoo|/ rxu dqdo|vlv vxjjhvwv gl!fxow/ exw idvflqdwlqj txhvwlrqv uhjduglqj wkh
ghvljq ri srolwlfdo lqvwlwxwlrqv1 Wkhvh lqfoxgh qrupdwlyh txhvwlrqv derxw wkh rs0
wlpdo fkrlfh ri srolwlfdo v|vwhp dqg srvlwlyh txhvwlrqv derxw krz zh pd| xqghu0
vwdqg revhuyhg srolwlfdo uhirupv1
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:1 DSSHQGL[

:141 Gh�qlwlrq ri htxloleulxp lq wkh Suhvlghqwldo0Frqjuhvvlrqdo v|vwhp

Gh�qlwlrq 51 Dq htxloleulxp ri wkh suhvlghqwldo0frqjuhvvlrqdo v|vwhp lv d yhfwru
ri srolflhv ^�| EK|� ' d��

| EK|�c }
�
| E�

�
| EK|�c K|�c ir

��
| E��

| EK|�c K|�jc io
��
| E��

| EK|�c K|�jo dqg d
yhfwru ri uhvhuydwlrq xwlolwlhv K�| vxfk wkdw lq dq| shulrg |czlwk doo sod|huv wdnlqj
dv jlyhq wkh h{shfwhg htxloleulxp rxwfrphv ri shulrgv |n &/ & � � =

+L, iru dq| jlyhq K| / dw vwdjh +6, dw ohdvw rqh ohjlvodwru � 9' @� zhdno| suhihuv
dffhswlqj udwkhu wkdq uhmhfwlqj sursrvdo ��

| / wdnlqj dv jlyhq wkh h{shfwhg htxlole0
ulxp sursrvdov dqg ghflvlrqv dw vwdjhv +7, dqg +8,(

+LL, iru dq| jlyhq K|/ @� suhihuv sursrvlqj ��
| wr dq| rwkhu � | vdwlvi|lqj +L,/

wdnlqj dv jlyhq wkh h{shfwhg htxloleulxp sursrvdov dqg ghflvlrqv dw vwdjhv +7, dqg
+8,(

+LLL, iru dq| jlyhq K| dqg � |/ dw vwdjh +8, dw ohdvw rqh ohjlvodwru � 9' @} zhdno|
suhihuv dffhswlqj udwkhu wkdq uhmhfwlqj sursrvdo
}�| E� |EK|�c K|�c ir

��
| E� |EK|��c K|�jc io

��
| E� |EK|��c K|�j(

+LY, iru dq| jlyhq K| dqg � |/ dw vwdjh +7, @} suhihuv wkh sursrvdo
}�| E� |EK|�c K|�c ir

��
| E� |EK|��c K|�jc io

��
| E� |EK|��c K|�j wr dq| rwkhu sursrvdo vdwlvi|lqj

+LLL, dqg wkh exgjhw frqvwudlqw>
+Y, Wkh uhvhuydwlrq xwlolwlhv K��| duh rswlpdo iru wkh yrwhuv/ lq hdfk glvwulfw �/

wdnlqj lqwr dffrxqw wkdw srolflhv lq wkh fxuuhqw shulrg zloo eh vhw dffruglqj wr
^�| EK|�/ dqg wdnlqj dv jlyhq wkh uhvhuydwlrq xwlolwlhv lq rwkhu uhjlrqv K3��

| dv zhoo
dv wkh lghqwlw| ri @� / @}�

:151 D Suhvlghqwldo0Frqjuhvvlrqdo v|vwhp zlwk wkuhh0vwdjh exgjhwlqj1

Frqvlghu wkh fdvh zlwk wkuhh vhsdudwh djhqgd0vhwwhuv iru wd{hv @� / uhglvwulexwlrq
@odqg sxeolf jrrgv @}1 Yrwhuv vhw wkhlu uhvhuydwlrq xwlolwlhv dffruglqjo|1

(,
|n� ' �

�s L �E^|� � K@} @?_ � ' , ' @} @| | +:14,

�s L �E^|� � K@o @?_ � ' , ' @o @| |

�s L �E^|� � K@� @?_ � ' , ' @� @| |�

Zh vwxg| wkh iroorzlqj qlqh0vwdjh ghflvlrq pdnlqj surfhvv1

+4, Qdwxuh udqgrpo| vhohfwv @� c @o dqg @}1
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+5, Yrwhuv vhw wkhlu uhvhuydwlrq xwlolwlhv lq +:14,

+6, Wkh khdg ri wkh Wd{dwlrq Frpplwwhh @� sursrvhv � �

+7, Frqjuhvv yrwhv1 Li dw ohdvw wzr ohjlvodwruv duh lq idyru/ � lv dgrswhg
li qrw � ' j*��

+8, Wkh khdg ri wkh Uhglvwulexwlrq Frpplwwhh @o sursrvhv io�@oj =
o � �� �

+9, Frqjuhvv yrwhv1 Li dw ohdvw wzr ohjlvodwruv duh lq idyru/ io�@ojlv
lpsohphqwhg/ li qrw o� ' f1

+:, Wkh khdg ri wkh Sxeolf Jrrgv Frpplwwhh @} sursrvhv d}@} c ir,@}jo=
onrn } � ��czkhuh o lv hlwkhu

S
� o

�@o ru f ghshqglqj rq wkh rxwfrph
lq vwdjh +8,1

+;, Frqjuhvv yrwhv/ Li dw ohdvw wzr ohjlvodwruv duh lq idyru/ d}@} c ir,@}jo
lv lpsohphqwhg/ li qrw } ' f dqg r, ' � � o

�
�

+<, Hohfwlrqv duh khog1

Wkh uhvxowv duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq D41 Lq wkh Suhvlghqwldo0 Frqjuhvvlrqdo v|vwhp zlwk
wkuhh0vwdjh exgjhwlqj/ o ' f( r ' � E�3B�

�n2B*�
( } ' 2B

�n2B*�
( � ' �3B*�

�n2B*�
�

Surri1 Dw vwdjhv +:, dqg +;,/ wkh lqfhqwlyh frqvwudlqwv ri @} dqg 6} +wkh
ohjlvodwru vxssruwlqj wkh sursrvdo e| @}, duh= r

6}nB` � �� o
�
c r@}nB` � 2E�� o

�
�

dqg wkh mrlqw lqfhqwlyh frqvwudlqw iru glyhuvlrq lv r � ���o�2B` 1 E| wkh exgjhw
frqvwudlqw/ wklv lpsolhv wkdw } � 2B`c zklfk zloo eh vdwlv�hg zlwk htxdolw|/ e|
prqrwrqlflw| ri ME}�� Wkxv/ dv ehiruh/ wkh lqfhqwlyh frqvwudlqwv iru glyhuvlrq duh
vdwlv�hg zlwk htxdolw|1 Qrwh qh{w wkdw dq| o@o : f zrxog eh uhmhfwhg lq Frqjuhvv1
Lqghhg/ erwk @} dqg @� duh ehwwhu r� uhmhfwlqj dq| o@o : fc dv wklv ghfuhdvhv r@}

dqg r6} +zklfk ohjlvodwru @� zloo uhfhlyh zlwk 425 suredelolw|,1 Wkh uhvw ri wkh
surri iroorzv wkh vdph vwhsv dv wkh surri ri Sursrvlwlrq 51

:161 Gh�qlwlrq ri htxloleulxp lq wkh Sduoldphqwdu| v|vwhp

Gh�qlwlrq 61 Dq htxloleulxp ri wkh Sduoldphqwdu| v|vwhp lv gh�qhg e| ^�| EK|� '
d��| EK|�c io

��
| E��| EK|�c K|�jc }

�
| E�

�
| EK|�c io

��
| E��| EK|�c K|�jc K|�c

5<



ir��| E��| EK|�c io
��
| E��| EK|�c K|�jc K|�jo dqg uhvhuydwlrq xwlolwlhv K��| / K��

�

| vxfk wkdw
lq dq| shulrg |cdqg wdnlqj dv jlyhq wkh h{shfwhg htxloleulxp rxwfrphv ri shulrgv
|n &/ & � � =

+L, iru dq| jlyhq yhfwruv K|c dqg jlyhq wkh sursrvdov pdgh dw vwdjhv +6, wr +8,/
dw vwdjh +9, hdfk phpehu ri wkh frdolwlrq fkrrvhv rswlpdoo| zkhwkhu wr dffhsw ru
uhmhfw wkhvh sursrvdov/ wdnlqj dv jlyhq wkh h{shfwhg uhvhuydwlrq xwlolwlhv K�

| dqg wkh
h{shfwhg srolf| rxwfrph lq vwdjhv +:*,0+43*,(

+LL, wkh uhvhuydwlrq xwlolwlhv K��
�

| duh rswlpdo iru wkh yrwhuv lq hdfk glvwulfw �/
diwhu d jryhuqphqw fulvlv dw vwdjh +9,/ wdnlqj lqwr dffrxqw wkdw srolflhv zloo eh vhw
dffruglqj wr ^�

|EK
�� �

| � dv lq wkh vlpsoh ohjlvodwxuh htxloleulxp/ dqg wdnlqj dv jlyhq
wkh uhvhuydwlrq xwlolwlhv lq rwkhu uhjlrqv K3��

�

| (
+LLL, iru dq| jlyhq K|/ wkh sulph plqlvwhu suhihuv ��| EK|� jlyhq h{shfwhg sursrvdov
o��| d��| EK|�c K|�oc }

�
| d�

�
| EK|�c io

��
| E��| EK|�c K|�jc K|oc r

��
| dE��| EK|�c io

��
| E��| EK|�c K|�jc K|�o/ dqg

jlyhq +L, dqg +LL,>
+LY, iru dq| jlyhq K|/ dqg � |/ @o suhihuv o��| dE� |EK|�c K|�o jlyhq h{shfwhg sur0

srvdov }�| d� |EK|�c io
��
| E� |EK|�c K|�jc K|o dqg r��| dE� |EK|�c io

��
| E� |EK|�c K|�jc K|�o/ jlyhq +L,/

+LL, dqg o@o � �� |>
+Y, iru dq| jlyhq K|/ K

�

|c � | dqg io�|j / @}suhihuv }
�
| d� |EK|�c io

��
| E� |EK|�c K|�jc K|odqg

r��| d� |EK|�c io
��
| E� |EK|�c K|�jc K|o/ jlyhq +L,/ +LL, dqg o| n }@} n r@} � �� |(

+YL, Wkh uhvhuydwlrq xwlolwlhv K��| duh rswlpdo iru wkh yrwhuv/ lq hdfk glvwulfw
�/ wdnlqj lqwr dffrxqw wkdw srolflhv lq wkh fxuuhqw shulrg zloo eh vhw dffruglqj
wr ^�| EK

��
| �/ wdnlqj dv jlyhq h{shfwhg K��

�

| dqg wkh idfw wkdw srolflhv zloo eh vhw
dffruglqj wr ^�|EK

�� �

| � diwhu d jryhuqphqw fulvlv dw vwdjh +9,/ dqg dovr wdnlqj dv
jlyhq wkh uhvhuydwlrq xwlolwlhv lq rwkhu uhjlrqv K3��| �

:171 Surri ri Sursrvlwlrq 6

Wkh htxloleulxp lv vroyhg e| edfnzdug lqgxfwlrq/ vwduwlqj iurp wkh odvw vwdjhv ri
wkh jdph dqg prylqj edfn1 Vroylqj vwdjhv +8,0+43*, |lhogv wkh iroorzlqj =

Ohppd 71 Lq doo htxloleuld ri wkh Sduoldphqwdu| v|vwhp/ r� ' � �3B
�3B*�

'

ruc _�r|o�K�|e_ @r G r@� ' 2

�
r� c r6� ' �

�
r� �

Surri 1 Vxssrvh �uvw wkdw d jryhuqphqw fulvlv pdwhuldol}hv/ vr zh uhdfk wkh
vxejdph frqvlvwlqj ri vwdjhv +:*,0+43*,1 E| dq dujxphqw dqdorjrxv wr wkdw lq
Vhfwlrq 6/ lw lv hdv| wr vkrz wkdw }� ' ��?Ee}c 2B` �c � � ' �c o� ' 2B` � }�c dqg
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r� ' � � 2B`� Qrwh/ krzhyhu/ wkdw ` lv wkh htxloleulxp ydoxh ri kroglqj r!fh
lq wkh sduoldphqwdu| v|vwhp/ qrw lq wkh vlpsoh ohjlvodwxuh1 Wkxv/ wkh h{shfwhg
frqwlqxdwlrq ydoxh ri uhdfklqj wklv vxejdph +zkhuh doo ohjlvodwruv duh uh0hohfwhg,
iru doo ohjlvodwruv lv=

.E��� '
�

�
r� n B` +:15,

dqg wkh h{shfwhg +rqh0shulrg, frqwlqxdwlrq sd|r� iru yrwhuv lq hdfk glvwulfw lv=

.E��� ' ME}�� n
�

�
o� ' ME}�� n

�

�
E2B` � }��� +:16,

Wr frqvwuxfw wkh htxloleulxp/ qrwh �uvw wkdw dw vwdjh +9, 6} ' @o zloo yhwr dq|
sursrvdo wkdw grhv qrw jlyh khu wkh vdph ydoxh dv diwhu d jryhuqphqw euhdnxs1
Dq dffhswhg sursrvdo/ |lhoglqj uh0hohfwlrq/ pxvw wkxv vdwlvi| r6} n B` � .E����
Dv @} zloo qrw sd| pruh wkdq qhfhvvdu| iru vxssruw/ wklv phdqv r? ' o? ' f dqg
e| +:15,/

r6} '
�

�
r��

Yrwhuv zloo qrw eh deoh wr sxvk wkh wrwdo htxloleulxp sd|r� iru ohjlvodwruv eh0
orz zkdw wkh| jhw diwhu d jryhuqphqw fulvlv/ zklfk lq wxuq lpsolhv wkh iroorzlqj
lqfhqwlyh frqvwudlqw=

r � r� ' �� 2B` +:17,

r@} ' r� r6} �
2

�
r��

Fohduo|/ lq htxloleulxp wkh yrwhuv zloo qrw ohdyh h{fhvv uhqwv wr wkh ohjlvodwruv/
dqg doo wkh deryh zhdn lqhtxdolwlhv zloo krog dv htxdolwlhv1

Wr frqfoxgh wkh dujxphqw/ zh vroyh iru ` iurp=

` E�� B� '
�

�
r '

�

�
r� ' ��

2B

�
`c

zklfk |lhogv=

` '
�

�� B*�
� +:18,

Vxevwlwxwlqj wkh lpsolhg ydoxh ri 2B` lqwr wkh h{suhvvlrqv iru rcrqh hdvlo| ghulyhv
wkh htxloleulxp h{suhvvlrqv iru r� lq Ohppd 7 dqg Sursrvlwlrq 61 '.(�

AIurp r@} : r6} lw iroorzv lpphgldwho| wkdw wkh sulph plqlvwhu fkrrvhv wkh
sxeolf jrrgv sruwirolr iru khuvhoi dv wkdw lv wkh prvw ydoxdeoh=
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Fruroodu|1 6 ' @o @?_ @ ' @} lv fkrvhq dw vwdjh +4,1

Pruhryhu/ wkh jryhuqphqw exgjhw frqvwudlqw dv zhoo dv +:17, wrjhwkhu zlwk
rswlpl}lqj ehkdylru e| wkh yrwhuv lpphgldwho| lpsolhv wkdw =

Ohppd 81 Dw vwdjh +8, dqg iru dq| � wkh vxsso| ri wkh sxeolf jrrg
lv jlyhq e|=

} ' 2B` n �E� � ��� o �
2B

�� B*�
n �E� � ��� oc +:19,

zkhuh wkh lghqwlw| iroorzv iurp +:18,1

Qh{w/ frqvlghu vwdjh +7,1 Ohjlvodwruv wdnh � dv jlyhq dqg uhdol}h wkdw } lv
ghwhuplqhg e| +:19,1 Khuh wkhuh duh qr rwkhu lqfhqwlyh frqvwudlqwv wr zruu|
derxw1 Lq sduwlfxodu/ @o kdv qrwklqj wr jdlq iurp sursrvlqj d orz o dw vwdjh +7,
vlqfh vkh lv qrw d uhvlgxdo fodlpdqw rq uhvrxufhv dw vwdjh +8,1 Lq dq| hyhqw/ wkh
zruvw wkuhdw wkh frdolwlrq mrlqwo| frxog lpsrvh rq yrwhuv/ hyhq li wkh| zhuh wr
frooxgh/ zrxog eh wr vhw � ' �c o ' } ' f� Exw wkdw wkuhdw lv douhdg| hqwdlohg
lq wkh ydoxh iru r�� Khqfh/ @o zloo pdnh d sursrvdo wkdw lv frqvlvwhqw zlwk klv
frqvwlwxhqf| dfklhylqj wkh uhtxluhg ohyho ri xwlolw|1 D vlplodu dujxphqw dssolhv wr
@}*v ehkdylru dw vwdjh +7,1

Lq htxloleulxp/ wkh uhvhuydwlrq ohyhov ri xwlolw| iru yrwhuv lq wkh jryhuqlqj frdol0
wlrq/ wkdw lv lq glvwulfwv 6 dqg @c kdyh wr vdwlvi| wzr rswlpdolw| dqg frqvlvwhqf|
frqglwlrqv/ lq dgglwlrq wr wkrvh fruuhvsrqglqj wr Ohppd 7 dqg wr wkrvh ghulyhg
ehorz zlwk uhihuhqfh wr wkh fkrlfh ri � 1 Wkhvh wzr frqglwlrqv lq wxuq lpsrvh
fruuhvsrqglqj frqvwudlqwv rq wkh srolf| fkrlfhv pdgh dw vwdjh +7,1 Vshfl�fdoo|=

+l, Yrwhuv lq erwk glvwulfwv pxvw eh dw ohdvw dv zhoo r� dv lq wkh htxloleulxp
frqwlqxdwlrq diwhu d jryhuqphqw fulvlv1

Wkh uhdvrq lv wkdw wkh yrwlqj uxoh lv irupxodwhg diwhu vwdjh +4,/ wkdw lv rqfh
d jryhuqphqw lv iruphg1 Wklv/ wrjhwkhu zlwk wkh delolw| ri hdfk phpehu wr eulqj
grzq wkh frdolwlrq/ euhdnv wkh Ehuwudqg Frpshwlwlrq glvfxvvhg lq Ohppd 41
Nqrzlqj zkdw wkh| fdq jhw lq h{shfwhg ydoxh lq wkh hyhqw ri d fulvlv/ yrwhuv
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ri hdfk phpehu lq wkh jryhuqlqj frdolwlrq pxvw rswlpdoo| ghpdqg dw ohdvw wkdw
iurp wkhlu uhsuhvhqwdwlyhv1 Khqfh/ iru dq| jlyhq wd{ udwh � G

ME}� n �� � n o@ � .E��� +:1:,

ME}� n �� � n o6 � .E���� +:1;,

zkhuh wkh uljkw kdqg vlgh ri +:19, lv jlyhq e| +:16,1
+ll, Wkh uhvhuydwlrq xwlolwlhv ri wkh yrwhuv lq wkh glvwulfwv ri wkh frdolwlrq php0

ehuv pxvw eh pxwxdoo| frqvlvwhqw iru wkhp wr eh ehvw uhvsrqvhv lq wkh Qdvk jdph
ehwzhhq wkh yrwhuv1 Vlqfh � dqg } duh wkh vdph iru hyhu|rqh/ dqg vlqfh o? ' f
+vhh wkh surri ri Ohppd 7,/ wklv frqglwlrq fdq eh vwdwhg dv d uhtxluhphqw rq wkh
doorfdwlrq ri o� Wkdw lv/ jlyhq wkdw yrwhuv lq glvwulfw @ ghpdqg vd| d vkduh +��k�
ri wkh wrwdo dprxqw glvwulexwhg +l1h1= jlyhq wkdw o@ ' E� � k�o lq +:1:,,/ wkhq
yrwhuv lq 6 pxvw ghpdqg d vkduh k +l1h1/ o6 ' ko,1

Dv wkh yrwhuv* uhvhuydwlrq xwlolwlhv duh fkrvhq vlpxowdqhrxvo|/ pdq| ydoxhv ri
k vdwlvi| wkhvh wzr frqglwlrqv1 Khqfh/ wkhuh duh pxowlsoh htxloleuld/ dqg htxloleuld
fdq eh lqgh{hg e| k1 Wkdw lv/ iru hdfk ydoxh ri k zlwklq dq lqwhuydo ^k

3

c ko /

wkhuh lv dq htxloleulxp uhvhuydwlrq xwlolw| dqg dq htxloleulxp srolf| fkrlfh1 Wkh
lqwhuydo ^k

3

c ko lv gh�qhg e| wkh frqglwlrq wkdw +:1:,/ +:1;, krog dv htxdolwlhv1

Lq dq htxloleulxp ri w|sh k/ ohjlvodwru 6 ' @o zkr lv wkh djhqgd vhwwhu dw
vwdjh +7,/ fkrrvhv o vr dv wr vroyh �@%dE� � �� n ko n ME}�oc vxemhfw wr o � f
dqg wr +:19,0 +:1;,/ jlyhq wkdw o@ ' E�� k�o dqg jlyhq �� Wkh iroorzlqj Ohppd
suryhv wkdw dw wkh rswlpxp/ li � ' �/ wkh frqvwudlqwv +:1:, dqg +:1;, gr qrw elqg
iru �*� � k � 2*�� Vshfl�fdoo|=

Ohppd 91 Li � ' �c |�e? f � k 	 �

�
c 2

�
	 k 	 �� Khqfh/ iru doo

htxloleuld zlwk �*� � k � 2*� @?_ � ' � wkh frqvwudlqwv +:1:,/ +:1;,
gr qrw elqg1

Surri1 Ohw -Ekc ��c CEkc �� eh wkh ydoxhv ri oc } uhvshfwlyho| wkdw vroyh wklv
frqvwudlqhg rswlpl}dwlrq sureohp1

Zh �uvw vroyh wkh rswlpl}dwlrq sureohp xqghu wkh dvvxpswlrq wkdw +:1:,/ +:1;,
gr qrw elqg/ dqg wkhq zh vkrz wkdw wkh dvvxpswlrq lv lqghhg wuxh li �*� � k �
2*� dqg � ' ��Frqvlghu �uvw wkh fdvh zkhuh wkh qrq0qhjdwlylw| frqvwudlqw rq
o grhv qrw elqg1 Wkhq li +:1:,/ +:1;, dovr gr qrw elqg/ lw lv hdv| wr yhuli| wkdw
CEkc �� ' M3�

}
Ek�� Li � ' � zh fdq h{sorlw +:19, dqg uhzulwh +:1:, dv=

8 @Ek� � dMECEkc ����
�

�
CEkc ��o�dMEe}��

�

�
e}onE��k�

�

�
�E

2B

�� B*�
�CEkc ��� � f�
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Wkh �uvw whup lq wkh h{suhvvlrq lv ghfuhdvlqj +frqvwdqw, lq k iru k : �*�c dv
CEkc �� lv ghfuhdvlqj lq k dqg dv CEkc � 	 }W ' M3�

} E�
�
�� Ixuwkhupruh/ wkh �uvw

whup lv odujhu lq devroxwh ydoxh wkdq wkh qhjdwlyh vhfrqg whup/ dv CEkc �� : e}
+uhfdoo wkdw k 	 ��1 Wkh wklug whup lv ghfuhdvlqj lq kciru k : 2*�� Iurp wkhvh
surshuwlhv lw iroorzv wkdw 8 @E2

�
� : f dqg 8 @E�� 	 f� E| frqwlqxlw| ri 8 @c wkhuhiruh/

8 @Ek� ' f iru 2

�
	 k 	 �� Lq wkh htxloleuld zlwk k 	 kc dqg khqfh lq sduwlfxodu

li k � 2*�c yrwhuv lq glvwulfw @ kdyh d kljkhu sd|r� lq dq htxloleulxp zlwk � ' �c
wkdq wkhlu h{shfwhg sd|r� diwhu d fulvlv1 Wkdw lv/ +:1:, grhv qrw elqg1

Vlploduo|/ +:1;, fdq eh uhzulwwhq e| gh�qlqj=

86Ek� � dMECEkc ����
�

�
CEkc ��ondMEe}��

�

�
e}onEk�

�

�
�E

2B

�� B*�
�CEkc ��� � f�

Wkh �uvw whup lv lqfuhdvlqj lq k iru k 	 �

�
� Wkh wklug whup lv lqfuhdvlqj lq k1 Zh

kdyh 86E�
�
� : f dqg 86Ef� 	 f� Vr wkh fulwlfdo olplw rq kc ehorz zklfk yrwhuv lq

glvwulfw 6 duh ehwwhu r� zlwk d jryhuqphqw fulvlv/ vdwlv�hv f � k 	 �

�
�

Uhsolfdwlqj wkh vdph vwhsv iru wkh fdvh lq zklfk wkh qrq 0 qhjdwlylw| frqvwudlqw
rq o elqgv frpsohwhv wkh surri ri wkh Ohppd1 '.(�

Wdnlqj lqwr dffrxqw wkh qrq0qhjdwlylw| frqvwudlqw rq o/ wkh htxloleulxp vrox0
wlrq wr o dqg } ghflvlrqv pdgh lq vwdjh +7, dqg +8, iru � ' � dqg �*� � k � 2*�
fdq eh zulwwhq dv=

CEkc �� ' ��?dM3�

} Ek�c
2B

�� B*�
o( -Ekc �� ' �@%dfc

2B

�� B*�
�CEkc ��o +:1<,

Lw uhpdlqv wr vkrz wkdw � ' � lv lqghhg wuxh lq doo htxloleuld zlwk �*� � k �
2*�� Frqvlghu wkh wd{ sursrvdo e| wkh sulph plqlvwhu @ dw vwdjh +6,1 Dfwlqj lq wkh
lqwhuhvw ri khu frqvwlwxhqf|/ @ zlvkhv wr pd{lpl}h +:1:,/ wdnlqj lqwr dffrxqw wkh
htxloleulxp fkrlfhv pdgh lq vwdjh +7, dqg +8, dqg vxppdul}hg e| o ' -Ekc ��c } '
CEkc �� 0 wkhvh ixqfwlrqv douhdg| lqfrusrudwh doo wkh uhohydqw lqfhqwlyh frqvwudlqwv
dw odwhu vwdjhv ri wkh jdph1

Vxssrvh �uvw wkdw CEkc �� 	 2B
�3B*�

dqg khqfh -Ekc �� : f � H{sorlwlqj djdlq

wkh uhvxowv ri Ohppd 9/ lw lv hdv| wr vhh wkdw li �*� � k � 2*�c wkh ghulydwlyh ri
wkh Odjudqjldq wr @*v sureohp/ hydoxdwhg dw � ' �c lv=

�� n E�� k��

zklfk lpsolhv wkdw wkh rswlpxp kdv � ' � iru k � 2

�
�
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Vxssrvh lqvwhdg wkdw CEkc �� ' 2B
�3B*�

dqg -Ekc �� ' f � Wkhq h{sorlwlqj djdlq

Ohppd 9 dqg frqvlghulqj rqo| �*� � k � 2*�c wkh ghulydwlyh ri wkh Odjudqjldq
wr @*v sureohp/ hydoxdwhg dw � ' �c lv=

�M}E
2B

�� B*�
�� ��

Exw wklv h{suhvvlrq pxvw eh srvlwlyh� Iru li qrw M}E
2B

�3B*�
� 	 �

�
c zklfk frqwudglfwv

wkh frqglwlrq M}E
2B

�3B*�
� : k� Djdlq lw lv rswlpdo wr vhw � ' �� Wklv frpsohwhv wkh

surri ri Sursrvlwlrq 61
Qrwh wkdw htxloleuld zlwk � ' � frqwlqxh wr h{lvw hyhq li k lv rxwvlgh wkh lqwhuydo

d�*�c 2*�oc exw lqvlgh wkh lqwhuydo dkc ko� Lq wkhvh htxloleuld/ li yrwhuv lq wkh glvwulfw
zlwk wkh orz glvwulexwlyh vkduh zrxog lqvlvw rq d orzhu wd{ udwh wkh| zrxog wuljjhu
d jryhuqphqw fulvlv +dv yrwhuv lq wkh rwkhu glvwulfw duh yhu| ghpdqglqj,/ zklfk e|
+:1:, ru +:1;, zrxog eh zruvh iru wkhp lq h{shfwhg whupv1

Uhpdun1 Li zh zdqwhg wr frqvlghu d Sduoldphqwdu| v|vwhp dv forvh dv srvvleoh
wr wkh Suhvlghqwldo0Frqjuhvvlrqdo v|vwhp ri Vhfwlrq 7/ lw zrxog eh qdwxudo wr
froodsvh vwdjhv +7, dqg +8, ri wkh suhvhqw jdph lqwr d vlqjoh vwdjh/ zkhuh wkh djhqgd

vhwwhu ri wkh froodsvhg doorfdwlrq vwdjh zrxog sursrvh d yhfwru d}c
q
r,
r
c io�jo� Lq

wklv dowhuqdwlyh vhwxs/ doprvw qrwklqj lq wkh deryh surri dqg lq wkh uhvxow zrxog
fkdqjh1 Vshfl�fdoo|/ wkh sulph plqlvwhu zrxog qrz nhhs wkh vshqglqj sruwirolr iru
khuvhoi/ ohdylqj wkh wd{ sruwirolr iru khu frdolwlrq sduwqhu1 Hyhu|wklqj hovh/ dqg lq
sduwlfxodu wkh htxloleulxp ydoxhv ri oc } dqg � zrxog eh dv lq Sursrvlwlrq 61 Wkh
uhdvrq iru wklv htxlydohqfh lv wkdw wkhuh lv qr uhohydqw vwudwhjlf lqwhudfwlrq lq vwdjh
+7,= wkh uhohydqw lqfhqwlyh frqvwudlqwv dulvh lq vwdjh +8,/ zlwk uhjdug wr wkh djhqf|
sureohp zlwk ohjlvodwruv/ dqg lq vwdjh +6,/ rqfh wkh yrwlqj uxoh lv irupxodwhg e|
wkh yrwhuv1 Zkhwkhu wkh ghflvlrqv ryhu o dqg } duh wdnhq vhtxhqwldoo| ru qrw/
wkxv/ sod|v qr uroh lq wkh dqdo|vlv1

68



Uhihuhqfhv

^4` Dohvlqd/ D1 dqg K1 Urvhqwkdo +4<<9,/ �D wkhru| ri glylghg jryhuqphqw�/
Hfrqrphwulfd 97/ 4644046741

^5` Edurq/ G1 +4<<:,/ �Frpsdudwlyh g|qdplfv ri sduoldphqwdu| jryhuqphqw�/
plphr/ Vwdqirug Xqlyhuvlw|1

^6` Edurq/ G1/ dqg M1 Ihuhmrkq +4<;<,/ �Edujdlqlqj lq ohjlvodwxuhv�/ Dphulfdq
Srolwlfdo Vflhqfh Uhylhz ;6/ 44;4045391

^7` Fkdul/ Y1/ O1 Mrqhv/ dqg U1 Pdulprq +4<<:,/ �Wkh hfrqrplfv ri vsolw yrwlqj
lq uhsuhvhqwdwlyh ghprfudflhv�/ iruwkfrplqj lq Dphulfdq Hfrqrplf Uhylhz1

^8` Glhuphlhu/ G1/ dqg W1 Ihgghuvhq +4<<9,/ �Glvflsolqhg frdolwlrqv dqg uhglvwul0
exwlrq= Wkh h�hfw ri wkh yrwh ri frq�ghqfh surfhgxuh rq ohjlvodwlyh edujdlq0
lqj�/ plphr/ Qruwkzhvwhuq Xqlyhuvlw|1

^9` Gl{lw/ D1 +4<<9,/ Wkh Pdnlqj ri Hfrqrplf Srolf|= D Wudqvdfwlrq0Frvw Sro0
lwlfv Shuvshfwlyh/ +PLW Suhvv= Fdpeulgjh,1

^:` Ihuhmrkq/ M1 +4<;9,/ �Lqfxpehqw shuirupdqfh dqg hohfwrudo frqwuro�/ Sxeolf
Fkrlfh 83/ 80591

^;` Ihuvkwpdqq/ F1/ N1 Mxgg dqg H1 Ndodl +4<<4,/ �Revhuydeoh frqwudfwv= Vwudwh0
jlf ghohjdwlrq dqg frrshudwlrq�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 65/ 884088<1

^<` Odyhu/ P1 dqg N1 Vkhsvoh +4<<9,/ Pdnlqj dqg Euhdnlqj Jryhuqphqwv= Fdel0
qhwv dqg Ohjlvodwxuhv lq Sduoldphqwdu| Ghprfudflhv/ +Fdpeulgjh Xqlyhuvlw|
Suhvv= Qhz \run,1

^43` Olmskduw/ D +hg1, +4<<5,/ Sduoldphqwdu| yhuvxv Suhvlghqwldo Jryhuqphqw/
+R{irug Xqlyhuvlw| Suhvv= R{irug,1

^44` Shuvvrq/ W1 +4<<:,/ �Hfrqrplf srolf| dqg vshfldo lqwhuhvw srolwlfv�/ plphr/
Kduydug Xqlyhuvlw|1

^45` Shuvvrq/ W1/ J1 Urodqg/ dqg J1 Wdehoolql +4<<:,/ �Vhsdudwlrq ri srzhuv dqg
srolwlfdo dffrxqwdelolw|�/ iruwkfrplqj lq Txduwhuo| Mrxuqdo ri Hfrqrplfv1

^46` Slhufh/ U1 +4<<4,/ �Wkh h{hfxwlyh glylghg djdlqvw lwvhoi= Frkdelwdwlrq lq
Iudqfh/ 4<;904<;;�/ Jryhuqdqfh= Dq Lqwhuqdwlrqdo Mrxuqdo ri Srolf| dqg
Dgplqlvwudwlrq 7/ 5:305<71
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