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fdq idlo hyhq zkhq lqfhqwlyhv r� wkh htxloleulxp hqirufh lw1 Rxu uhvxow vxjjhvwv
wkdw wkh vho�vk suhglfwlrq lv surqh wr ghyldwlrqv zkhq wkh htxloleulxp uhvxowv lq
xqhtxdo glvwulexwlrqv ri sd|r�v/ dqg wkhuh duh dowhuqdwlyh rxwfrphv wkdw lqfuhdvh
erwk htxdolw| dqg wkh sd|r� ri wkh glvdgydqwdjhg sduw|1 Ixuwkhupruh/ idluqhvv lv
d ixqfwlrq ri pruh wkdq mxvw wkh �qdo doorfdwlrqv wr vxemhfwv> lw ghshqgv rq wkh
dfwlrqv qrw fkrvhq dv zhoo dv wkrvh wkdw duh1
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41 Lqwurgxfwlrq

H{shulphqwdo hylghqfh kdv ghprqvwudwhg wkdw wkh vho�vk htxloleulxp suhglfwlrq
iuhtxhqwo| lv d srru dssur{lpdwlrq ri dfwxdo ehkdylru1 Jdphv lq zklfk wkh htxl0
oleulxp uhvxowv lq dq xqhtxdo glvwulexwlrq ri sd|r�v dsshdu wr eh sduwlfxoduo|
yxoqhudeoh wr ghyldwlrqv1 Wklv kdv frqylqfhg pdq| uhvhdufkhuv wkdw frqfhuqv iru
idluqhvv pdwwhu iru h{shulphqwdo vxemhfwv14 Pdq| qrz vhh idlu ru xqvho�vk ehkdy0
lru dv d wudlw lq shrsoh*v suhihuhqfhv/ pxfk olnh wkh wdvwh iru dqrwkhu frpprglw| ru
dfwlylw|1 Lw lv d frpsolfdwhg wdvn/ krzhyhu/ wr ghwhuplqh dqg prgho mxvw zkdw jrhv
lqwr d shuvrq*v fdofxodwlrq ri zkdw pdnhv dq doorfdwlrq idlu1 Sduwlfxoduo| wulfn|
lv wkh idfw wkdw vho�vk htxloleulxp suhglfwlrqv duh suhflvh lq vrph jdphv exw duh
plvohdglqj lq rwkhuv/ hyhq lq yhu| vlplodu jdphv1 Iluvw dqg iruhprvw/ wkhuhiruh/ d
prgho ri idluqhvv pxvw eh deoh wr suhglfw zkhq idluqhvv zloo grplqdwh wkh vho�vk
htxloleulxp suhglfwlrqv dqg zkhq lw zloo qrw1

D frpsolfdwlrq lq ghwhuplqlqj zkhq wkh vho�vk htxloleulxp suhglfwlrq lv d
jrrg dssur{lpdwlrq lv wkdw idluqhvv vhhpv wr eh vhqvlwlyh wr vxewoh/ riwhq qrq0
vwudwhjlf/ fkdqjhv lq wkh hqylurqphqw1 D prgho pxvw eh deoh wr ghwhuplqh krz
wkhvh vhhplqjo| qrq0vwudwhjlf idfwruv qrqhwkhohvv frph wr d�hfw vwudwhjlhv dqg
rxwfrphv1 Wklv sdshu dgguhvvhv wklv fkdoohqjh e| frpsdulqj wkuhh voljkwo| gli0
ihuhqw yhuvlrqv ri d wzr0sod|hu sxeolf jrrgv jdph1 Wkh jdphv doo kdyh vlplodu
htxloleulxp suhglfwlrqv/ exw gl�hu lq wkh ehkdylruv fkrvhq e| vxemhfwv1 Lq frp0
sdulqj wkh wkuhh jdphv zh duh deoh wr lghqwli| vrph ri wkh lpsruwdqw idfwruv wkdw
dq| wkhru| ri idluqhvv pxvw dgguhvv1

Lw kdv ehhq dujxhg hovhzkhuh wkdw wkh vho�vk htxloleulxp suhglfwlrq lv pruh
olnho| wr eh revhuyhg li wkh lqfhqwlyhv r� wkh htxloleulxp sdwk �hqirufh� htxlole0
ulxp sod|1 Zh �qg wkdw wklv glvwlqfwlrq lv qrw khosixo lq fkdudfwhul}lqj rxu uhvxowv1
Udwkhu/ rxu uhvxowv lqglfdwh wkh vho�vk suhglfwlrq lv surqh wr ghyldwlrqv zkhq wkh
htxloleulxp uhvxowv lq dq xqhtxdo glvwulexwlrq ri sd|r�v/ dqg wkhuh duh dowhuqd0
wlyh rxwfrphv wkdw lqfuhdvh erwk htxdolw| dqg wkh sd|r� ri wkh glvdgydqwdjhg
sduw|1 Dq lpsruwdqw �qglqj lv wkdw wkh dowhuqdwlyhv wkdw zhuh qrw fkrvhq d�hfw

4Vhh/ Iruv|wkh/ hw do1/ +4<<7, iru dq h{dpsoh ri idluqhvv lq edujdlqlqj jdphv/ ru vhh wkh
h{whqvlyh uhylhz rq edujdlqlqj e| Urwk +4<<8,/ ru wkh glvfxvvlrq e| Jxwk +4<<8,1 Iru h{dpsohv
ri uhodwhg h�hfwv lq prghov ri jliw0h{fkdqjh/ vhh Ihku/ Nlufkvwhljhu dqg Uhlgo +4<<6,/ lq fhqwlshgh
jdphv vhh PfNhoyh| dqg Sdoiuh| +4<<5,/ lq sxeolf jrrgv jdphv vhh Dqguhrql +4<<8, ru Ohg|dug
+4<<8,/ dqg iru Sulvrqhu*v Glohppd vhh Dqguhrql dqg Ploohu +4<<6,1 Iru hylghqfh rq idluqhvv lq
pdunhw wudqvdfwlrqv vhh Ndkqhpdq/ Nqhwvfk dqg Wkdohu +4<;9, dqg lq frruglqdwlrq jdphv vhh
Ydq Kx|fn/ Jloohwwh/ dqg Edwwdolr +4<<5,1 Dovr uhodwhg duh jdphv rq �wuxvw/� vxfk dv glvfxvvhg
e| Ydq Kx|fn/ Edwwdolr dqg Zdowhuv +4<<8, dqg Ehuj/ Glfnkdxw/ dqg PfFdeh +4<<8,1
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wkh hydoxdwlrq ri idluqhvv ri wkrvh dowhuqdwlyhv wkdw dfwxdoo| duh fkrvhq1 Khqfh/
zh dujxh wkdw d fuxfldo lqsxw wr wkh idluqhvv ri dq| jlyhq doorfdwlrq lv wkh vhw ri
rwkhu doorfdwlrqv wkdw frxog kdyh ehhq fkrvhq�lw lv qrw vlpso| wkh lqwhqwlrqv ri
vxemhfwv wr sod| idluo| wkdw pdwwhuv/ exw dovr wkh rssruwxqlwlhv wr sod| idluo|1

Wkh qh{w vhfwlrq surylghv d eulhi vxppdu| ri wkh nh| �qglqjv rq dowuxlvp
dqg idluqhvv1 Lq vhfwlrq 6 zh glvfxvv wkh h{shulphqwdo ghvljq dqg wkh htxloleulxp
suhglfwlrqv/ dqg lq vhfwlrq 7 zh suhvhqw wkh uhvxowv1 Lq vhfwlrq 8 zh vxppdul}h
wkh sulpdu| �qglqjv ri wkh h{shulphqw dqg ghwhuplqh zkhwkhu wkhvh fdq khos xv
ghwhuplqh zkdw hqfrxudjhv qrq0htxloleulxp ehkdylru1 Vhfwlrq 9 lv d frqfoxvlrq1

51 Edfnjurxqg dqg Prwlydwlrq

Pdq| h{shulphqwv kdyh lqglfdwhg wkdw vxemhfwv kdyh d suhihuhqfh iru dowuxlvp1
Shukdsv wkh prvw gluhfw hylghqfh ri �udwlrqdo dowuxlvp� lv r�huhg e| Dqguhrql
dqg Ploohu +5335,1 Wkh| suhvhqw vxemhfwv zlwk d vhulhv ri exgjhwv iru sd|r�v
ehwzhhq wkhpvhoyhv dqg dqrwkhu vxemhfw/ dqg jr rq wr fkhfn vxemhfwv* fkrlfhv
iru frqvlvwhqf| zlwk wkh d{lrpv ri uhyhdohg suhihuhqfh1 Wkh| �qg wkdw ehkdylru
lv frqvlvwhqw zlwk d vljql�fdqw suhihuhqfh iru dowuxlvp/ dqg zlwk d zhoo0ehkdyhg
suhihuhqfh rughulqj ryhu rzq0 dq rwkhu0sd|r�1 Pruhryhu/ suhihuhqfhv dsshdu wr
eh frqyh{/ exw qrw dozd|v prqrwrqlf1

Zkhq wxuqlqj wr vhtxhqwldo jdphv/ lw ehfrphv fohdu wkdw dowuxlvp dorqh fdq0
qrw h{sodlq hyhu|wklqj1 Wklv lv hdvlo| looxvwudwhg lq xowlpdwxp jdphv1 Khuh wkh
sursrvhu r�huv d vkduh f ri d slh ri/ vd|/ m�f wr d uhvsrqghu1 Li wkh uhvsrqghu
dffhswv wkh r�hu kh jhwv f dqg wkh sursrvhu jhwv m�f �fc exw li wkh uhvsrqghu
uhmhfwv wkh r�hu erwk vlghv jhw qrwklqj1 Wklv jdph kdv ehhq frqgxfwhg zlwk slhv
ri '4/ '8/ '43 rq xs wr '433 dqg hdfk wlph wkh uhvxowv orrn vlplodu�wkh prgdo
vsolw lv 83( dqg r�huv ri ohvv wkdq 63( duh olnho| wr eh uhmhfwhg15 Wklv looxvwudwhv
d zloolqjqhvv wr sd| wr uhixvh xqidlu wuhdwphqw ru wr sxqlvk vho�vkqhvv lq rwkhuv1

Wklv zloolqjqhvv wr sd| wr uhixwh xqidluqhvv lv looxvwudwhg txlwh fohduo| e| Rfkv
dqg Urwk +4<;<,1 Wkh| frqgxfwhg wzr0 dqg wkuhh0vwdjh dowhuqdwlqj r�hu edujdlq0
lqj jdphv lq zklfk wkh slh vkulqnv diwhu hdfk uhmhfwlrq1 Uhpdundeo|/ wkh| �qg
pdq| h{dpsohv ri �glvdgydqwdjhrxv frxqwhusursrvdov/� wkdw lv/ sod|hu wzr uhmhfwv
dq r�hu dqg wkhq pdnhv d frxqwhusursrvdo wkdw |lhogv klp ohvv wkdq kdg kh df0

5Kr�pdq/ PfFdeh/ dqg Vplwk +4<<9, vkrz wkdw ehkdylru lv vlplodu zlwk erwk '43 dqg '433
slhv1 Vorqlp dqg Urwk +4<<;, uhsolfdwh wklv �qglqj/ exw vkrz wkdw gl�huhqfhv gr hphujh zlwk
uhshwlwlrq/ dv wkrvh lq kljk vwdnhv jdphv duh ohvv olnho| wr uhmhfw xqhtxdo r�huv1
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fhswhg wkh ruljlqdo r�hu16 Pruhryhu/ pdq| uhmhfwhg r�huv zhuh Sduhwr vxshulru +lq
d prqhwdu| vhqvh, wr wkh frxqwhusursrvdov/ zklfk zrxog dsshdu lqfrqvlvwhqw zlwk
sxuho| dowuxlvwlf prwlyhv1 Lqvwhdg/ dv Rfkv dqg Urwk qrwh/ wkh idfw wkdw rxwfrphv
zlwk Sduhwr lqihulru sd|r�v zhuh uhyhdohg suhihuuhg e| vrph uhvsrqghuv vxjjhvwv
wkdw vxemhfwv fduh krz wkhlu sd|r� frpsduhv wr wkdw ri rwkhuv1

Sudvqlndu dqg Urwk +4<<5, iroorz xs rq wklv lqvljkw e| frpsdulqj wkh xowl0
pdwxp jdph zlwk d wzr0shuvrq ehvw0vkrw jdph +Kduulvrq dqg Kluvkohlihu/ 4<;<,1
Ehvw0vkrw lv d vhtxhqwldo jdph lq zklfk d sxeolf jrrg lv vxssolhg dw wkh pd{lpxp
ri wkh wzr sod|huv* frqwulexwlrqv1 Wkhvh wzr jdphv duh vlplodu lq wkdw erwk kdyh
vxejdph shuihfw suhglfwlrqv ri xqhtxdo sd|r�v1 Krzhyhu/ wkh htxloleulxp suh0
glfwlrq lv uduho| revhuyhg lq xowlpdwxp jdphv zkloh lw lv frpprqo| wkh rxwfrph
lq ehvw0vkrw jdphv1 Sudvqlndu dqg Urwk dujxh wkdw wklv fdq eh h{sodlqhg e| wkh
lqfhqwlyhv r� wkh htxloleulxp1 Lq wkh xowlpdwxp jdph/ wkh vhfrqg pryhu*v lqfhq0
wlyhv wr dffhsw dq r�hu lqfuhdvhv wkh ixuwkhu lw lv iurp wkh htxloleulxp/ zkhuhdv lq
wkh ehvw0vkrw jdph wkh lqfhqwlyhv iru wkh vhfrqg pryhu wr fkrrvh wkh ehvw uhso|
lqfuhdvh wkh forvhu wkh �uvw pryh lv wr htxloleulxp1 Khqfh/ ghyldwlrqv iurp wkh
htxloleulxp hqirufh iuhh ulglqj lq wkh ehvw0vkrw jdph exw qrw lq wkh xowlpdwxp
jdph1 Wklv lpsruwdqw revhuydwlrq�rqh wkdw lv plvvlqj lq wkhruhwlfdo prghov�
zloo eh uhh{dplqhg lq rxu vwxg|17

Qh{w zh ghvfuleh dq h{shulphqw ghvljqhg wr rujdql}h dqg exlog xsrq wkhvh
ydulrxv �qglqjv1 Wkh vwxg| lv ghvljqhg wr slqsrlqw zkdw pdnhv dq doorfdwlrq idlu/
dqg wkhuhiruh zkdw pd| fdxvh wkh htxloleulxp suhglfwlrq wr idlo1

61 H{shulphqwdo Ghvljq

Zh frqvlghu wkuhh voljkwo| gl�huhqw yhuvlrqv ri d wzr0shuvrq sxeolf jrrgv jdph/
zkhuh doo wkuhh yhuvlrqv kdyh htxloleulxp suhglfwlrqv wkdw hqwdlo yhu| xqhtxdo
sd|r�v1 Wkh wkuhh jdphv doorz xv wr ghwhuplqh zkdw h�hfw wkh r�0wkh0htxloleulxp0
sdwk sd|r�v kdyh rq ghyldwlrqv1 Ixuwkhupruh zh fdq orrn dw wzr lvvxhv uhjduglqj
wkh delolw| dqg zloolqjqhvv wr sod| wkh vho�vk ehvw uhvsrqvh zkhq wkh htxloleulxp

6Rfkv dqg Urwk dovr irxqg glvdgydqwdjhrxv frxqwhusursrvdov lq wkh gdwd ri Jxwk/ Vfkplw0
wehujhu dqg Vfkzduw} +4<;5,/ Elqpruh/ Vkdnhg dqg Vxwwrq +4<;8, dqg Qhholq/ Vrqqhqvfkhlq dqg
Vslhjho +4<;;,1 Vhh Rfkv dqg Urwk*v Wdeoh 91

7Wklv lqwhudfwlrq ri idluqhvv dqg vwudwhjlf ihdwxuhv lv xqghuvfruhg e| Ndjho/ Nlp dqg Prvhu
+4<<9,1 Wkh| vwxg| xowlpdwxp edujdlqlqj zlwk dv|pphwulf lqirupdwlrq derxw wkh ydoxhv ri wkh
slh1 Wkh| �qg wkdw erwk sursrvhuv dqg uhvsrqghuv dsshdu wr pdnh jrrg xvh ri dq| lqirupdwlrqdo
dgydqwdjh wr pryh wkh rxwfrph wrzdug d pruh vhoi0vhuylqj qrwlrq ri idluqhvv1
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sd|r�v duh xqhtxdo1 Iluvw/ zh frpsduh wzr jdphv zlwk lghqwlfdo sd|r� vwuxfwxuhv/
exw zklfk gl�hu lq wkh sod|huv* delolwlhv wr frpplw wr d iuhh0ulglqj vwudwhj|1 Qh{w
zh frpsduh wzr jdphv lq zklfk sod|huv kdyh htxdo delolw| wr frpplw wr d iuhh0
ulglqj vwudwhj|/ exw wkdw gl�hu lq wkh sd|r�v r� wkh htxloleulxp sdwk1

6141 Prgho

Wr prwlydwh wkh jdph/ frqvlghu wkh vlpsoh wkhruhwlfdo prgho lq zklfk wzr shrsoh
surylgh d sxeolf jrrg1 Ohw %� eh frqvxpswlrq ri d sulydwh jrrg e| � dqg ohw }� eh �*v
frqwulexwlrq wr wkh sxeolf jrrg1 Hdfk lqglylgxdo idfhv d exgjhw frqvwudlqw %�n}� '
6�� Gh�qh C ' }�n}2 dv wkh wrwdo vxsso| ri wkh sxeolf jrrg1 Dvvxph lqglylgxdov
hdfk kdyh xwlolw| ixqfwlrqv L� ' %� n k� *?C/ zkhuh k� : k21 Wkhq lw lv hdv| wr
yhuli| wkdw wkh ehvw uhso| ixqfwlrq iru hdfk sod|hu zloo eh }� ' 4@ Efc k� � }��/
� 9' �c wkdw lv/ hdfk sod|hu zdqwv wr eulqj wkh wrwdo frqwulexwlrqv xs wr wkh ohyho
C ' k�� Li C lv surylghg wkurxjk vlpxowdqhrxv frqwulexwlrqv/ wkhq/ vlqfh k� : k2

wkh Qdvk htxloleulxp zloo eh }� ' k�/ dqg }2 ' f1 Sduhwr h!flhqf|/ rq wkh rwkhu
kdqg/ uhtxluhv }� n }2 ' k� n k2�

Qh{w dvvxph wkh jdph lv sod|hg vhtxhqwldoo|= sod|hu rqh pryhv �uvw dqg sod|hu
wzr pryhv vhfrqg/ dqg hdfk sod|hu pryhv rqo| rqfh1 Qrz li k� dqg k2 duh qrw wrr
gl�huhqw/ wkh vxejdph shuihfw htxloleulxp lv iru sod|hu rqh wr frpplw wr fkrrvlqj
}� ' f/ ohdylqj sod|hu wzr wr fkrrvh }2 ' k21 Ehlqj lq d srvlwlrq wr frpplw wr
iuhh ulglqj/ sod|hu rqh lv fohduo| ehwwhu r�/ dqg sod|hu wzr lv zruvh r�1 Lq dgglwlrq/
vlqfh k� : k2 wkh wrwdo vxsso| ri wkh sxeolf jrrg lv suhglfwhg wr eh orzhu wkdq
lq wkh vlpxowdqhrxv fdvh +Yduldq/ 4<<7,/ exw wkh vhw ri Sduhwr h!flhqw doorfdwlrqv
uhpdlqv xqfkdqjhg1

Ilqdoo|/ frqvlghu d yduldqw ri wklv vhtxhqwldo jdph lq zklfk C ' 4@ i}�c }2j1
Wklv lv qrz d ehvw0vkrw jdph zkhuh wkh vxsso| ri wkh sxeolf jrrg lv ghwhuplqhg
e| wkh pd{lpxp ri wkh wzr frqwulexwlrqv1 Djdlq/ ohw sod|hu rqh pryh �uvw1 Qrz
wkh ehvw uhso| ixqfwlrq iru sod|hu wzr lv }2 ' k2 li }� � k�* i TE��c dqg }2 ' f
rwkhuzlvh1 Dv lq wkh vhtxhqwldo jdph/ wkh vxejdph shuihfw htxloleulxp lv }� ' f
dqg }2 ' k21 Krzhyhu/ Sduhwr h!flhqf| uhtxluhv rqh ri wkh sod|huv wr frqwulexwh
}hur1 Khqfh dq| doorfdwlrq vxfk wkdw }� ' f dqg k� � }� � k� n k2/ � 9' �/ lv
Sduhwr h!flhqw1

Qrwlfh wkdw li vxemhfwv duh dvvxphg wr eh prqh|0pd{lpl}huv wkhq doo wkuhh
yhuvlrqv ri wklv jdph kdyh yhu| vlplodu htxloleulxp suhglfwlrqv/ wkdw lv/ rqh sod|hu
surylghv doo ri wkh sxeolf jrrg dqg hduqv d orz sd|r� zkloh wkh rwkhu sod|hu
frpsohwho| iuhh ulghv dqg hduqv d kljk sd|r�1 Lq dgglwlrq/ vho�vkqhvv lpsolhv wkdw
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wkh vhtxhqwldo dqg vlpxowdqhrxv yhuvlrqv ri wklv jdph kdyh lghqwlfdo sd|r�v erwk
rq dqg r� wkh htxloleulxp sdwk/ exw gl�hu rqo| lq wkh delolw| ri sod|huv wr frpplw
wr iuhh ulglqj1 Wkh vhtxhqwldo dqg ehvw0vkrw jdphv kdyh lghqwlfdo htxloleulxp
sd|r�v/ dqg lq erwk jdphv wkh �uvw frqwulexwru fdq frpplw wr iuhh ulglqj/ exw
wkh r�0wkh0htxloleulxp0sdwk sd|r�v gl�hu1 Frpsdulqj vlpxowdqhrxv wr vhtxhqwldo
sod| ri wkh jdph zloo doorz xv wr vhh krz wkh delolw| wr frpplw wr iuhh ulglqj d�hfwv
wkh rxwfrph/ dqg frpsdulqj wkh vhtxhqwldo wr wkh ehvw0vkrw jdphv zloo doorz xv wr
vhh krz r�0wkh0htxloleulxp0sdwk sd|r�v d�hfw wkh zloolqjqhvv ri sod|huv wr dffhsw
vxejdph shuihfw htxloleuld zlwk xqhtxdo sd|r�v1

Qrwh wkdw rxu ghvljq doorzv d vshfldo whvw ri wkh fhqwudo frqmhfwxuh ri Sudvqlndu
dqg Urwk +4<<5,1 Iru doo wkuhh jdphv wkh suhglfwhg frqwulexwru*v pdujlqdo lqfhq0
wlyh wr frqwulexwh ghfuhdvhv zlwk wkh suhglfwhg iuhh ulghu*v frqwulexwlrq1 Sudvqlndu
dqg Urwk wkhuhiruh zrxog dujxh wkdw ghyldwlrqv duh qrw hqfrxudjhg/ dqg wkdw
htxloleulxp sod| lv hqirufhg lq doo wkuhh jdphv1 Khqfh/ wklv lv qrw olnho| wr eh d
suhglfwru ri dq| gl�huhqfhv revhuyhg lq rxu h{shulphqw1

6151 H{shulphqwdo Sdudphwhuv

Wkh h{shulphqw zloo kdyh wkuhh frqglwlrqv= wkh vlpxowdqhrxv vxppdwlrq jdph/
wkh vhtxhqwldo vxppdwlrq jdph/ dqg wkh vhtxhqwldo ehvw0vkrw jdph1 Zh zloo uhihu
wr wkhvh dv vlpxowdqhrxv/ vhtxhqwldo/ dqg ehvw0vkrw1

Wkh sd|r� wdeoh xvhg lq wkh h{shulphqwv uhsruwhg khuh lv vkrzq lq Iljxuh 41
Lw frqwdlqv doo ri wkh lqfhqwlyhv ghvfulehg lq wkh wkhruhwlfdo prgho deryh1 Wkh
jdph lv sod|hg zlwk wzr sod|huv1 Lq wkh h{shulphqw/ sod|hu rqh lv qdphg Uhg dqg
sod|hu wzr lv qdphg Eoxh1 Sod|huv pxvw ghflgh krz pdq| �Lqyhvwphqw Xqlwv� wr
sxufkdvh1 Lqyhvwphqw xqlwv frvw '3143 hdfk1 Lq Iljxuh 4 wkh sd|r� iurp wkh sxeolf
jrrg wr hdfk vxemhfw ghshqgv rq wkh wrwdo qxpehu ri lqyhvwphqw xqlwv sxufkdvhg1
Lq wkh vlpxowdqhrxv sxeolf jrrgv jdph/ erwk sod|huv pdnh wkhlu fkrlfh zlwkrxw
nqrzlqj zkdw wkh rwkhu zloo fkrrvh/ zkloh lq wkh vhtxhqwldo sxeolf jrrgv dqg
ehvw0vkrw jdph/ Uhg pryhv �uvw1

Dv fdq eh yhul�hg/ wkh uhg vxemhfwv zrxog/ li dfwlqj dorqh/ eulqj wkh wrwdo xs
wr < lqyhvwphqw xqlwv/ zkloh wkh eoxh vxemhfwv zrxog eulqj wkh wrwdo xs wr ;1 Wkdw
lv wkh ehvw0uhsolhv duh }� ' 4@ Efc b � }2� dqg }2 ' 4@ Efc H � }��1 Wkh Qdvk
htxloleulxp lq wkh vlpxowdqhrxv jdph lv wkxv }� ' b dqg }2 ' f( Uhg hduqv '3168/
dqg Eoxh hduqv '41581 Lq wkh vhtxhqwldo jdph wkh vxejdph shuihfw htxloleulxp lv
qhduo| wkh rssrvlwh= }� ' f dqg }2 ' H/ zlwk sd|r� wr Uhg ri '4147 dqg sd|r� wr
Eoxh ri '31681 Lq erwk fdvhv lw lv Sduhwr h!flhqw iru }� n }2 ' �.�

8



Lqyhvwphqw Uhwxuqv wr UHG dqg EOXH Lqyhvwruv
Edvhg rq Wrwdo Lqyhvwphqw e| Erwk Lqyhvwruv1

+Uhwxuqv duh Olvwhg lq Fhqwv,

Wrwdo Wrwdo Dgglwlrqdo Wrwdo Dgglwlrqdo
Lqyhvwphqw Uhwxuq Uhwxuq wr Uhwxuq Uhwxuq wr

Xqlwv Sxufkdvhg wr UHG UHG iurp wr EOXH EOXH iurp
e| Erwk iurp wrwdo mxvw wkh iurp wrwdo mxvw wkh
Lqyhvwruv lqyhvwphqw odvw xqlw lqyhvwphqw odvw xqlw

3 3 3
4 48 48 49 49
5 63 48 65 49
6 78 48 7; 49
7 93 48 97 49
8 :8 48 ;3 49
9 <3 48 <6 46
: 436 46 437 44
; 447 44 448 44
< 458 44 457 <
43 467 < 465 ;
44 475 ; 46< :
45 47< : 479 :
46 489 : 485 9
47 495 9 48; 9
48 49; 9 496 8
49 4:7 9 49; 8
4: 4;3 9 4:6 8
4; 4;8 8 4:: 7
4< 4<3 8 4;4 7
53 4<7 7 4;8 7

ryhu 53 4<7 3 4;8 3

Uhplqghu= Lqyhvwphqw Xqlwv frvw 43 hdfk1

ILJXUH 4= Sd|r� Wdeoh iru Vlpxowdqhrxv dqg Vhtxhqwldo Jdphv

Frqyhuwlqj wklv jdph wr wkh ehvw0vkrw lv wulyldo1 Vlpso| uhsodfh wkh khdglqj
rq wkh �uvw froxpq lq Iljxuh 4 zlwk wkh zrugv �Wkh juhdwhu ri wkh lqyhvwphqw
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xqlwv sxufkdvhg e| Uhg ru Eoxh1� Uhsodfh wkh khdglqj deryh wkh wklug froxpq
zlwk wkh �Dgglwlrqdo uhwxuq wr Uhg iurp udlvlqj wkh juhdwhvw lqyhvwphqw e| 4/�
dqg pdnh d vlplodu dgmxvwphqw wr wkh �qdo froxpq khdglqj1 H{dfwo| wkh vdph
sd|r� wdeoh lv xvhg/ exw wkh gh�qlwlrq ri wkh sxeolf jrrg fkdqjhv iurp wkh wrwdo
vxsso| ri lqyhvwphqw xqlwv wr vlpso| wkh juhdwhu ri wkrvh lqyhvwhg e| wkh uhg dqg
eoxh sod|huv1 Wkh sod|huv* ehvw uhsolhv gl�hu iurp wkdw irxqg deryh/ zlwk }� ' b
li }2 � 2c dqg }� ' f rwkhuzlvh/ dqg }2 ' H li }� � 2c dqg }2 ' f rwkhuzlvh1 Dv
deryh/ wkh vxejdph shuihfw htxloleulxp lv E}�c }2� ' Efc H� zlwk sd|r�v djdlq ri
'4147 dqg '31681 Sduhwr h!flhqf| uhtxluhv hlwkhu }� ' fc H � }2 � �. ru }2 ' fc
b � }� � �.1 Wkxv/ wkh suhglfwlrqv duh wkdw lq hdfk jdph rqh sod|hu surylghv doo
ri wkh sxeolf jrrg dqg hduqv d uhodwlyho| vpdoo dprxqw ri prqh|1

D vhvvlrq ri rxu h{shulphqw zhqw dv iroorzv1 Zh uhfuxlwhg 47 vxemhfwv shu
vhvvlrq iurp hfrqrplfv frxuvhv dw wkh Xqlyhuvlw| ri Zlvfrqvlq1 Vxemhfwv zhuh
udqgrpo| dvvljqhg wr frpsxwhu whuplqdov/ vhsdudwhg e| eolqghuv/ lq d frpsxwhu
fodvvurrp1 Vxemhfwv zhuh jlyhq zulwwhq lqvwuxfwlrqv/ zklfk wkh h{shulphqwhu uhdg
ryhu zlwk wkh sduwlflsdqwv1 Wkh h{shulphqwhu wkhq jdyh d txl}/ dvnlqj vxemhfwv
wr fdofxodwh wkh sd|r�v lq d vshfl�f h{dpsoh ri wkh jdph/ zklfk zdv froohfwhg
dqg uhylhzhg yhuedoo|1 Kdoi ri wkh vxemhfwv zhuh wkhq udqgrpo| dvvljqhg wr eh
uhg sod|huv dqg kdoi wr eh eoxh/ dqg wkh| zhuh lqiruphg wkdw wkh| zrxog sod| wkh
vdph uroh wkurxjkrxw wkh h{shulphqw18 Wkh vxemhfwv wkhq zhuh zdonhg wkurxjk
dq h{dpsoh xvlqj wkh frpsxwhuv/ dqg wkh h{shulphqw ehjdq1 Wkh| sod|hg 47
lwhudwlrqv ri wkh jdph1 Lq hdfk lwhudwlrq wkh| zhuh udqgrpo| dqg dqrq|prxvo|
sdluhg zlwk dqrwkhu vxemhfw/ zlwk wkh vwlsxodwlrq wkdw qr rqh sod|hg dqrwkhu
vxemhfw pruh wkdq wzlfh1 Vxemhfwv* lghqwlwlhv zhuh qhyhu uhyhdohg wr rqh dqrwkhu1
Diwhu wkh 47 urxqgv/ vxemhfwv sduwlflsdwhg lq d �erqxv urxqg� zklfk zdv ghvljqhg
wr whvw wkhlu xqghuvwdqglqj ri wkh jdph1 Ilqdoo|/ wkh vxemhfwv* hduqlqjv iru doo 47
urxqgv zhuh wdoolhg dqg dgghg wr d '6 vkrz0xs sd|phqw dqg hduqlqjv lq wkh erqxv
urxqg1 Vxemhfwv zhuh sdlg dqrq|prxvo| dqg lq fdvk1 Zh udq wkuhh vhvvlrqv ri hdfk
ri wkh wkuhh jdphv/ iru d wrwdo ri 459 vxemhfwv1 Wkh h{shulphqw w|slfdoo| odvwhg
ohvv wkdq dq krxu/ dqg vxemhfwv pdgh dq dyhudjh ri '451;8 +vwdqgdug ghyldwlrq ri
'5143/ pd{lpxp ri '4<158/ dqg plqlpxp ri '8133,1 D frs| ri wkh lqvwuxfwlrqv
iru wkh vhtxhqwldo jdph duh irxqg lq wkh dsshqgl{1

8Frdwv dqg Jurqehuj +4<<9, dovr frqvlghu d vhtxhqwldoo| surylghg sxeolf jrrgv jdph1 Wkhlu
h{shulphqwv duh txlwh gl�huhqw/ krzhyhu/ vlqfh wkh| hpsor| d glvfuhwh sxeolf jrrg/ dqg wkhlu
vxemhfwv fkdqjh urohv hdfk urxqg1

:



71 Uhvxowv

Zh ehjlq e| dvnlqj krz zhoo wkh gdwd frqirup zlwk wkh htxloleulxp suhglfwlrqv1
Wkh dyhudjh frqwulexwlrqv iru doo wkuhh jdphv duh looxvwudwhg lq Iljxuh 51 Ryhu
wkh 47 urxqgv/ wkh vlpxowdqhrxv jdph surgxfhv dq dyhudjh C ri ;188/ vhtxhqwldo
surgxfhv .��Dc dqg ehvw0vkrw 91;91 Ryhu wkh odvw 8 urxqgv/ wkh dyhudjh ohyho ri C
lv vlplodu dfurvv doo wkuhh jdphv= :149 iru vlpxowdqhrxv/ 9188 iru vhtxhqwldo dqg
:166 iru ehvw0vkrw1

Zkhq zh h{soruh wkh lqglylgxdo frqwulexwlrqv/ krzhyhu/ wkh gl�huhqfhv lq wkh
jdphv ehfrph dssduhqw1 Iljxuh 5+d, vkrzv wkdw wkh dyhudjh fkrlfhv iru wkh wzr
sod|huv duh doprvw lghqwlfdo hyhu| urxqg lq wkh vlpxowdqhrxv jdph/ ghvslwh wkh suh0
glfwlrq wkdw sod|hu rqh zrxog fkrrvh < dqg sod|hu wzr zrxog fkrrvh 31 Dowkrxjk
rxwfrphv lq whq ri wkh 47 urxqgv vkrz pruh jlylqj e| sod|hu rqh rq dyhudjh/ wkh
gl�huhqfh lv qrw vwdwlvwlfdoo| vljql�fdqw19

Iljxuh 5+e, jlyhv wkh vdph lqirupdwlrq iru wkh vhtxhqwldo jdph1 Lq wklv jdph/
wkh vxejdph shuihfw htxloleulxp lv wkdw sod|hu rqh fkrrvhv 3 dqg sod|hu wzr
fkrrvhv ;1 Khuh zh vhh pruh vhsdudwlrq ehwzhhq wkh sod|huv/ zlwk pruh jlyhq
wr wkh sxeolf jrrg rq dyhudjh e| sod|hu wzr1 Zkloh wkh gl�huhqfh lv fohduo| odujhu
wkdq lq wkh vlpxowdqhrxv jdph/ djdlq wkh gl�huhqfh lv qrw vwdwlvwlfdoo| vljql�fdqw/
dqg sod| ri wkh vxejdph shuihfw htxloleulxp lv vwloo idluo| xqfrpprq1:

Ilqdoo|/ Iljxuh 5+f, vkrzv wkh uhvxowv iru wkh ehvw0vkrw jdph1 E| plgzd|
wkurxjk wkh jdph/ prvw lqwhudfwlrqv ehwzhhq vxemhfwv dfwxdoo| rffxu dw wkh vxe0
jdph shuihfw htxloleulxp1 Ryhu wkh odvw �yh urxqgv/ 94 shufhqw ri doo ehvw0vkrw
jdphv duh dw wkh suhglfwhg rxwfrph1 Wklv frpsduhv zlwk 4: shufhqw ri wkh vh0
txhqwldo sod|v dqg rqo| rqh shufhqw ri wkh vlpxowdqhrxv sod|v1 Khqfh/ zh kdyh
rxu �uvw pdlq uhvxow1 Wkh vho�vk htxloleulxp suhglfwlrq lv d srru dssur{lpdwlrq
ri dfwxdo ehkdylru lq erwk wkh vlpxowdqhrxv dqg vhtxhqwldo jdphv/ exw lv d yhu|
jrrg dssur{lpdwlrq lq wkh ehvw0vkrw jdph/ ghvslwh wkh vlplodu jdph0wkhruhwlf
suhglfwlrqv ri wkh wkuhh jdphv/ dqg ghvslwh wkh htxloleulxp0hqiruflqj lqfhqwlyhv1
Qh{w zh orrn pruh forvho| dw wkh gl�huhqfhv dfurvv wkh jdphv1

9Orrnlqj dw lqglylgxdo vxemhfwv/ d udqn0vxp whvw uhyhdov qr vljql�fdqw gl�huhqfh ehwzhhq wkh
fkrlfhv ri wkh wzr w|shv ri sod|huv1 D udqn0vxp X0whvw frpsdulqj dyhudjh fkrlfhv e| vxemhfwv
ryhu doo 47 urxqgv |lhogv d }0vfruh ri } @ �3=886= Orrnlqj dw rqo| wkh odvw 8 ru odvw 6 urxqgv
|lhogv } @ �4=377 dqg } @ �3=956 uhvshfwlyho|1 D ghvfulswlrq ri wklv whvw fdq eh irxqg lq Mrkq
H1 Iuhxqg/ 4<:4/ ss1 67:�7<1

:Wkh udqn0vxp X0whvw |lhogv } @ 4=7;7 ryhu doo urxqgv/ } @ 4=34< iru wkh odvw 8 urxqgv/ dqg
} @ 4=968 iru wkh odvw 6 urxqgv1
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7141 Frpsdulqj wkh Vlpxowdqhrxv dqg Vhtxhqwldo Jdphv

Wdeoh 4 vkrzv wkh dyhudjh fkrlfhv ri doo sod|huv lq wkh vlpxowdqhrxv sxeolf jrrgv
jdph iru doo vhvvlrqv1 Khuh zh vhh qr vljq ri Qdvk htxloleulxp sod|/ exw udwkhu
fkrlfhv duh yhu| htxlwdeoh�sod|huv jlyh vlplodu dprxqwv wr wkh sxeolf jrrg/
zkhwkhu phdvxuhg e| wkh dyhudjh ru wkh phgldq1 Olnhzlvh/ Wdeoh 5 vkrzv wkh
fkrlfhv lq wkh vhtxhqwldo sxeolf jrrgv jdph1 Djdlq/ zh vhh yhu| olwwoh hylghqfh
ri wkh vho�vk htxloleulxp suhglfwlrq/ exw udwkhu fkrlfhv wkdw duh idluo| htxlwdeoh/
zlwk wkh vhfrqg sod|huv jlylqj vrphzkdw pruh rq dyhudjh wkdq �uvw sod|huv1;

Orrnlqj dw hdfk sod|hu rqh*v uroh dqg xvlqj d qrq0sdudphwulf udqn0vxp whvw/
zh vhh wkdw ryhu doo urxqgv sod|hu rqh lq wkh vlpxowdqhrxv jdph jlyhv vljql�fdqwo|
pruh wkdq klv frxqwhusduw lq vhtxhqwldo jdphv E5 ' 2������ Krzhyhu/ e| wkh hqg
ri wkh h{shulphqw wkh gl�huhqfh kdv odujho| glvdsshduhg +iru lqvwdqfh/ 5 ' ��2.f
iru wkh odvw 6 urxqgv,1 Frpsdulqj wkh vhfrqg sod|huv lq wkh vlpxowdqhrxv dqg
vhtxhqwldo jdphv/ wkh ryhudoo gl�huhqfh lv qrw dw doo vljql�fdqw E5 ' �f�f.D�c dqg
wkh gl�huhqfh vwd|v lqvljql�fdqw wkurxjkrxw wkh h{shulphqw +5 ' f�.Hf iru wkh
�qdo 6 urxqgv,1 Zkloh wkh suhvvxuhv ri htxloleulxp vkrxog fdxvh sod|huv ri wkh
vdph uroh wr eh vljql�fdqwo| gl�huhqw dfurvv jdphv/ zh vhh wkdw wkh suhvvxuhv iru
idluqhvv duh h{huwlqj urxjko| htxdo irufh lq wkh wzr jdphv�e| wkh hqg ri wkh
jdph/ sod|huv ri d jlyhq uroh duh ehkdylqj/ rq dyhudjh/ vlploduo| lq wkh wzr jdphv1

7151 Frpsdulqj Vhtxhqwldo wr Ehvw0vkrw Jdphv

Wdeoh 6 suhvhqwv uhvxowv iurp wkh ehvw0vkrw jdph1 Khuh zh vhh wkdw wkh �uvw
sod|huv lq wkh ehvw0vkrw jdph duh pxfk pruh olnho| wr fkrrvh wkh vxejdph shuihfw
frqwulexwlrq ri }hur1 Ryhu wkh odvw 8 urxqgv/ 43 ri 54 fkrrvh }� ' f doo 8 urxqgv/
dqg 49 ri 54 fkrrvh ohvv wkdq 4 rq dyhudjh1 Ryhu doo urxqgv/ wkh dyhudjh sod|hu
rqh fkrrvhv 5169/ zlwk d phgldq fkrlfh ri 41 E| wkh hqg ri wkh jdph/ krzhyhu/
prvw fkrlfhv duh }hur/ dv suhglfwhg1 Lq idfw/ pruh wkdq kdoi ri doo vxemhfwv fkrrvh
}� ' f iru doo urxqgv diwhu 44/ dqg 49 ri 54 fkrrvh }hur lq wkh �qdo urxqg�wzlfh
wkh qxpehu lq wkh vhtxhqwldo sxeolf jrrgv jdph1

Ilyh ehvw0vkrw sod|huv duh zruwk vshfldo qrwh1 Sod|hu 6 lq vhvvlrq 4 dqg sod|hu
6 ri vhvvlrq 6 erwk fkrvh < wkurxjkrxw prvw ri wkh h{shulphqw1 D srvw0h{shulphqw
txhvwlrqqdluh uhyhdov wkdw wkhvh vxemhfwv plvwdnhqo| lqihuuhg +wkh �uvw diwhu ehlqj

;Vhtxhqwldo dqg vlpxowdqhrxv sod| ri d jdph ri �fodlplqj� vkduhv lq d �qlwh uhvrxufh zdv
frqvlghuhg e| Exghvfx/ Udsrsruw dqg Vxohlpdq +4<<5,1 Wkh| dovr �qg wkdw vlpxowdqhrxv sod|
jhqhudwhv pruh idlu sod|/ dqg wkh �uvw0pryhuv idlo wr h{sorlw wkhlu ixoo edujdlqlqj srzhu1

43



sxqlvkhg hduo| rq, wkdw dv wkh �uvw sod|hu wkh| zhuh lq wkh glvdgydqwdjhg srvlwlrq1<

Vxemhfw 8 lq vhvvlrq 5 vhwwohv rq jlylqj 4/ exw wkhq jlyhv 5 lq wkh �qdo urxqg/
dqg vxemhfw < ri vhvvlrq 4 jlyhv 4 hdfk urxqg/ ehjlqqlqj lq urxqg 91 Lq d srvw0
h{shulphqw txhvwlrqqdluh/ wkhvh wzr h{suhvv d ghvluh wr dsshdvh wkh vhfrqg0pryhuv
e| vdful�flqj d wrnhq dprxqw1 Ilqdoo|/ vxemhfw : lq vhvvlrq 5 dowhuqdwhv ehwzhhq
jlylqj 3 dqg <1 Wkh srvw0h{shulphqw txhvwlrqqdluh uhyhdohg wkdw wklv shuvrq lv
wu|lqj wr vkduh wkh exughq zlwk wkh vhfrqg0pryhuv/ exw fohduo| xqghuvwdqgv wkh
vxejdph shuihfw htxloleulxp1 Khqfh/ dowkrxjk frqfhuqv iru idluqhvv duh suhvhqw
wkh vho�vk suhglfwlrq lv dq dwwudfwlyh wrro iru rujdql}lqj wkh gdwd lq wkh ehvw0vkrw
jdph1

Krz grhv wkh ehvw0vkrw jdph frpsduh wr wkh vhtxhqwldo jdphB Wkrvh lq wkh
sod|hu rqh uroh jlyh vljql�fdqwo| pruh lq wkh vhtxhqwldo jdph wkdq lq wkh ehvw0vkrw
jdph1 Lqwhuhvwlqjo|/ krzhyhu/ wklv gl�huhqfh rqo| hphujhv odwhu lq wkh h{shulphqw1
Lq wkh �uvw 8 urxqgv ri wkh jdph/ wkh vhtxhqwldo dqg ehvw0vkrw �uvw sod|huv ehkdyh
vlploduo|/ zlwk dq dyhudjh frqwulexwlrqv ri 7145 dqg 61:3 uhvshfwlyho| +5 ' f�bDD�1
E| wkh hqg ri wkh h{shulphqw wkh gl�huhqfh lv kljko| vljql�fdqw/ zlwk frqwulexwlrqv
iru wkh odvw 8 urxqgv ri 51;4 iru vhtxhqwldo dqg 417: iru ehvw0vkrw +5 ' 2�eSD�143

Wkh vhfrqg sod|huv ehkdyh gl�huhqwo| wkurxjkrxw1 Ryhu wkh �uvw 8 urxqgv wkh
ehvw0vkrw vhfrqg sod|huv jlyh +pdujlqdoo|, vljql�fdqwo| ohvv wkdq vhtxhqwldo/ 6187
yhuvxv 7166 +5 ' ���bf,/ exw ryhu wkh odvw 8 urxqgv jlyh vljql�fdqwo| pruh/ 9139
yhuvxv 61:7 +5 ' ���fH�� Zkdw dsshduv wr eh kdsshqlqj lv wkdw wkh �uvw sod|huv lq
erwk jdphv wu| hduo| rq wr xvh wkhlu srzhu wr frpplw wr iuhh ulglqj/ exw rqo| lq
wkh ehvw0vkrw jdph gr wkh vhfrqg sod|huv doorz wkhp wr gr vr1

Wklv gl�huhqfh lv looxvwudwhg lq Wdeoh 71 Khuh zh lqglfdwh wkh �sxqlvkphqwv� e|
vhfrqg sod|huv frqglwlrqdo rq wkh fkrlfh ri wkh �uvw sod|huv1 Gh�qh d sxqlvkphqw
dv d fkrlfh ri }2 ' f lq uhvsrqvh wr d }� ' f� Wdeoh 7 vkrzv wkdw wkh suredelolw|
wkdw d }� ' f zloo eh sxqlvkhg lv derxw wkuhh wlphv kljkhu lq wkh vhtxhqwldo jdph
wkdq lq wkh ehvw0vkrw jdph1 D vlplodu uhvxow iroorzv li zh gh�qh sxqlvkphqw pruh
eurdgo| wr eh d }2 5 dfc 2o lq uhvsrqvh wr d }� 5 dfc 2o� Khqfh/ wkhuh lv d vljql�fdqw
gl�huhqfh lq krz sod|huv uhso| wr wkh vxejdph shuihfw pryh e| d �uvw sod|hu�lq
wkh vhtxhqwldo jdph wkh| duh idu pruh olnho| wr sxqlvk lw1

<Vlqfh wkh| fkrrvh < dqg jhw 3 dv d uhso| iru wkh uhvw ri wkh jdph/ wkh| ohduq qrwklqj wr
glvdexvh wkhp ri wklv eholhi1 Wklv lv vxjjhvwlyh ri d qrwlrq sxw iruwk e| Ixghqehuj dqg Ohylqh
+4<<:, rq krz vxemhfwv ohduq rqo| wkh sduw ri wkh jdph wuhh wkh| h{shulhqfh1 Khuh d elw pruh
h{shulphqwdwlrq zlwk iuhh ulglqj pd| kdyh wdxjkw wkhvh wzr vxemhfwv wr ehkdyh gl�huhqwo|1
Doorzlqj wkhvh vxemhfwv wr revhuyh dfwxdo sod| ri rqh rwkhu sdlu ri vxemhfwv pljkw kdyh dowhuhg
wkhlu ehkdylru h1j1 Gx�| dqg Ihowrylfv +4<<;,1

43Ryhu doo 47 urxqgv/ wkh gl�huhqfh lv pdujlqdo/ zlwk } @ 4=:69=
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e1�Vhtxhqwldo

f1�Ehvw0vkrw

ILJXUH 6= Iuhtxhqf| ri Rxwfrphv lq wkh Odvw Ilyh Urxqgv

Ilqdoo|/ lw lv zruwk qrwlqj wkdw lq wkh vhtxhqwldo jdph wkhuh lv olwwoh hylghqfh
wkdw vhfrqg pryhuv uhzdug jhqhurxv �uvw pryhuv1 Iru lqvwdqfh/ 57 ri wkh 5<7 �uvw
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pryhv zhuh }� A H� Wkh dyhudjh uhso| e| vhfrqg sod|huv lv 418/ dqg wkh phgldq
uhso| lv 31 Khqfh/ doprvw qr rqh vdz d qhhg wr uhzdug ru htxdol}h sd|r�v e|
jlylqj deryh wkh ehvw uhso|1

7161 Vxppdu|

Wkh pdlq uhvxowv fdq eh vxppdul}hg lq Iljxuh 61 Khuh zh looxvwudwh wkh iuhtxhqf|
ri rxwfrphv ryhu wkh odvw �yh urxqgv ri sod|1 Zh fdq hdvlo| vhh/ dv zh pryh
iurp wkh vlpxowdqhrxv wr wkh vhtxhqwldo wr wkh ehvw0vkrw/ wkdw wkh gdwd ehfrphv
pruh dqg pruh rujdql}hg1 Iljxuh 6+d, vkrzv wkdw sod| lq wkh vlpxowdqhrxv jdph
lv idluo| v|pphwulf dfurvv wkh wzr sod|huv/ dqg wrwdo surylvlrq riwhq idoov deryh
wkh htxloleulxp suhglfwlrq ri <1 Wxuqlqj wr wkh vhtxhqwldo jdph/ Iljxuh 6+e,/ wkh
gdwd ehjlq wr idoo dorqj wzr d{hv1 Wkh �uvw dqg prvw vljql�fdqw d{lv lv dorqj wkh
gldjrqdo zkhuh }�n}2 ' Hc wkdw lv/ zkhuh wkh vhfrqg sod|huv fkrrvh klv ehvw uhso|/
eulqjlqj wkh wrwdo sxeolf jrrgv xs wr ;1 Krzhyhu/ wkhuh lv d vljql�fdqw jurxs ri
sxqlvkhuv1 Wkhvh irup wkh vhfrqg d{lv dorqj wkh rssrvlwh gldjrqdo zkhuh }� � }21
Qrwh wkdw zkloh sxqlvkphqw lv vljql�fdqw/ ihz ri wkh fkrlfhv sxw wkh wrwdo deryh ;/
wkdw lv/ wkhuh lv olwwoh uhzduglqj144 Ilqdoo|/ Iljxuh 6+f, vkrzv wkh ehvw0vkrw jdph1
Fohduo| wkhuh lv rqo| rqh srlqw ri dq| vljql�fdqfh khuh/ dqg wkdw lv wkh vxejdph
shuihfw htxloleulxp145

81 Lpsolfdwlrqv iru Wkhru|

Wklv vwxg| ri wkuhh gl�huhqw/ |hw vlplodu/ sxeolf jrrgv jdphv kdv surylghg vrph
ydoxdeoh lqvljkw lqwr zkhq zh vkrxog h{shfw wkh vho�vk htxloleulxp suhglfwlrq wr
eh d jrrg dssur{lpdwlrq iru dfwxdo ehkdylru1 Lq doo wkuhh jdphv wkh suhglfwlrq lv
wkdw rqo| rqh shuvrq frqwulexwhv wr wkh sxeolf jrrg/ dqg wkdw wkh uhvxowlqj sd|r�
glvwulexwlrq vwurqjo| idyruv wkh iuhh0ulghu1 Rxu uhvxowv uhyhdo wkdw wklv suhglfwlrq
idlov lq wkh wzr vxppdwlrq jdphv1 Vxemhfwv ehkdyh yhu| vlploduo| lq wkh vhtxhqwldo
dqg vlpxowdqhrxv jdphv ghvslwh wkh htxloleulxp suhglfwlrq wkdw wkh ehkdylru lq

44Lq frqwudvw Furvrq +4<<;, �qgv hylghqfh ri srvlwlyho| fruuhodwhg frqwulexwlrqv lq olqhdu
vlpxowdqhrxv pryh sxeolf jrrgv jdphv1

45Rqh pd| dvn zkhwkhu wkh gl�hulqj frpsoh{lwlhv ri wkh jdphv d�hfwhg wkh uhvxowv1 Wr h{dplqh
wklv zh dgplqlvwhuhg d whvw txhvwlrq dw wkh yhu| hqg ri wkh h{shulphqw1 Vxemhfwv zhuh wrog wr
pdnh fkrlfhv iru erwk Uhg dqg Eoxh sod|huv dqg wr fdofxodwh sd|r�v iru hdfk1 Zh wkhq  lsshg d
frlq wr ghwhuplqh iru zklfk uroh vxemhfwv zrxog eh sdlg1 Ri wkh 75 vxemhfwv lq hdfk jdph/ wkuhh
ru irxu vxemhfwv shu jdph pdgh huuruv lq fdofxodwlqj sd|r�v lq wkh erqxv urxqg1 Wkxv/ vxemhfw
huuruv duh qrw olnho| wr h{sodlq wkh uhvxowv1
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rqh vkrxog eh mxvw wkh rssrvlwh ri wkh rwkhu1 Khqfh wkhuh lv qr vxssruw iru wkh
suhglfwlrq surylghg e| Yduldq +4<<7,/ dqg lw lv fohdu wkdw wkh delolw| wr frpplw wr
iuhh ulgh grhv qrw olplw htxloleulxp ghyldwlrqv1 Zkloh lw lv whpswlqj wr dujxh wkdw
wkh xqhtxdo sd|r� glvwulexwlrq lv zkdw fdxvhv wkh suhglfwlrq wr idlo/ rxu uhvxowv
vkrz wkdw qrw doo vxfk htxloleuld duh surqh wr ghyldwlrqv1 Dowkrxjk wkh suhglfwhg
glvwulexwlrq ri sd|r� lv lghqwlfdo lq wkh ehvw0vkrw dqg vhtxhqwldo jdph/ zh �qg
wkdw wkh vxejdph shuihfw rxwfrph lv uhdfkhg lq wkh ehvw0vkrw jdph1

Krz fdq zh ghwhuplqh zkhwkhu dfwxdo sod| ri d jdph zloo eh frqvlvwhqw zlwk
wkh vho�vk suhglfwlrqB Sudvqlndu dqg Urwk +4<<5, sursrvh wkdw zh ghwhuplqh
zkhwkhu wkh lqfhqwlyhv r� wkh htxloleulxp glvfrxudjh ghyldwlrqv1 Zkloh wklv h{0
sodqdwlrq vkhgv oljkw rq wkh gl�huhqfh irxqg ehwzhhq wkh ehvw vkrw dqg xowlpdwxp
jdph/ lw grhv qrw d sulrul khos h{sodlq wkh gl�huhqfh zh revhuyh ehwzhhq wkh ehvw
vkrw dqg vhtxhqwldo jdph1 Lq erwk ri wkhvh jdphv/ sod|hu wzr*v lqfhqwlyh wr sod|
klv htxloleulxp vwudwhj| ghfuhdvhv dv sod|hu rqh lqfuhdvhv khu frqwulexwlrq1 Wkxv
wkh htxloleulxp vkrxog eh hqirufhg lq erwk jdphv1 Frxog rxu uhvxowv eh gxh wr
d gl�huhqfh lq wkh vwuhqjwk ri wklv hqirufhphqwB Xqiruwxqdwho| lw lv qrw srvvleoh
wr ghwhuplqh zkhwkhu wkh lqfhqwlyh wr ghyldwh lv vwurqjhu lq rqh jdph wkdq wkh
rwkhu1 Zkloh d vpdoo lqfuhdvh lq wkh lqlwldo frqwulexwlrq kdv qr h�hfw rq sod|hu
wzr*v uhvsrqvh lq wkh ehvw0vkrw jdph/ lw fdxvhv dq lpphgldwh uhdfwlrq lq wkh vh0
txhqwldo jdph1 Wkxv/ rqh pljkw dujxh wkdw orfdoo| wkhuh lv d odujhu lqfhqwlyh iru
htxloleulxp sod| lq wkh vhtxhqwldo jdph1

Krzhyhu/ li zh h{dplqh wkh dfwxdo sod| dqg wkxv wkh lqfhqwlyhv wkdw dulvh lq
wkh jdph wkhq wkh lqfhqwlyh k|srwkhvlv grhv vxjjhvw d gl�huhqfh1 Lq wkh vhtxhqwldo
jdph wkh vhfrqg pryhuv duh idu pruh zloolqj wr sxqlvk vho�vkqhvv/ khqfh d sod|hu
rqh fdq rq dyhudjh lqfuhdvh khu sd|r� e| ghyldwlqj iurp wkh htxloleulxp1 Wklv lv
qrw wuxh iru wkh ehvw0vkrw jdph1 Khuh li sod|hu rqh ghyldwhv iurp wkh htxloleulxp
vkh zloo rq dyhudjh uhgxfh khu hduqlqjv1 Xqiruwxqdwho| ylhzlqj wkh lqfhqwlyh k|0
srwkhvlv iurp wklv h{0srvw shuvshfwlyh grhv qrw khos xv ghwhuplqh zkhq wkh vho�vk
htxloleulxp suhglfwlrq lv olnho| wr eh d jrrg dssur{lpdwlrq1 Lw grhv krzhyhu vxj0
jhvw wkdw sod|hu wzr*v ehkdylru lv nh| wr xqghuvwdqglqj zkhq wkh vho�vk suhglfwlrq
lv dssursuldwh1

Vlplodu wr rwkhu h{shulphqwdo hylghqfh/ sod|hu wzr*v ehkdylru uhyhdov wkdw kh
kdv d suhihuhqfh erwk iru klv sulydwh sd|r� dqg iru wkdw ri sod|hu rqh1 Wklv ohdgv
xv wr dvn zkhwkhu uhfhqw prghov ri vrfldo suhihuhqfhv fdq khos xv xqghuvwdqg wkh
gl�huhqfhv lq sod|1 Rqh fodvv ri wkhvh prghov vxjjhvwv wkdw vxemhfwv ghulyh xwlolw|
erwk iurp wkhlu sulydwh sd|r� dqg iurp dq htxdo glvwulexwlrq ri sd|r�v146 Wkxv/

46Orhzhqvwhlq/ Wkrpsvrq/ dqg Ed}hupdq +4<;<,/ Erowrq +4<<4,/ Ihku dqg Vfkplgw +4<<<,/
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wkhvh �gl�huhqfh0dyhuvlrq� prghov suhglfw wkdw htxloleuld zlwk xqhtxdo sd|r� glv0
wulexwlrqv duh ohvv olnho| wr eh jrrg dssur{lpdwlrqv ri dfwxdo sod|1 Krzhyhu zlwk
suhihuhqfhv lqfuhdvlqj lq sulydwh sd|r� wkh| dovr suhglfw wkdw zh vkrxog revhuyh
pruh htxloleulxp sod| lq wkh ehvw0vkrw jdph1 Wkh uhdvrq lv wkdw dowkrxjk wkhuh
duh rxwfrphv wkdw uhvxow lq dq htxdo glvwulexwlrq ri sd|r�v/ wkhvh dovr hqwdlo orz
sulydwh sd|r� iru erwk frqwulexwruv1 Khqfh vxemhfwv zkr kdyh d suhihuhqfh iru
erwk htxdolw| dqg sulydwh sd|r� zloo eh pruh olnho| wr fkrrvh wkh htxloleulxp
rxwfrph lq wkh ehvw0vkrw jdph1

Wkh lqvljkw jdlqhg iurp gl�huhqfh dyhuvlrq lv wkdw wkh htxloleulxp suhglfwlrq
lv pruh olnho| wr idlo zkhq wkh htxloleulxp sd|r�v duh xqhtxdo dqg wkhuh duh
htxdo sd|r� srvvlelolwlhv wkdw surylgh wkh glvdgydqwdjhg sduw| zlwk dq lqfuhdvh lq
sulydwh sd|r�1 Zkdw pdwwhuv lv qrw rqo| wkh rssruwxqlw| wr sod| idluo| exw dovr
wkh vho�vk prwlydwlrq iru grlqj vr1

Xqiruwxqdwho| gl�huhqfh dyhuvlrq idlov lq suhglfwlqj zkdw dsshduv wr eh rqh
ri wkh gulylqj irufh iru wkh gl�huhqfh ehwzhhq wkh ehvw vkrw dqg vhtxhqwldo jdph=
wkh fkdqjh lq sod|hu wzr*v uhvsrqvh wr dq lqlwldo frqwulexwlrq ri }hur1 Dv vkrzq lq
Wdeoh 7/ vhfrqg pryhuv jhqhudoo| suhihu sd|r�v Z2 ' f��D dqg Z� ' ���e wr Z2 '
Z� ' f lq wkh ehvw0vkrw jdph/ zkhuhdv wkh rssrvlwh riwhq krogv lq wkh vhtxhqwldo
jdph1 Vlqfh wkh prghov ri gl�huhqfh dyhuvlrq duh edvhg vroho| rq rxwfrph/ wkh|
fdqqrw h{sodlq wklv gl�huhqfh lq uhvsrqvh1

Wkh rqo| gl�huhqfh lq wkh ehvw0vkrw dqg vhtxhqwldo jdphv lv lq sd|r�v r� wkh
htxloleulxp/ khqfh li d prgho ri idluqhvv lv wr fdswxuh wklv fkdqjh ri suhihuhqfhv
wkhq wkh rxwfrphv qrw fkrvhq pxvw vrphkrz hqwhu wkh hydoxdwlrq ri wkh rxwfrph
fkrvhq1 Rqh fodvv ri prghov wkdw grhv doorz iru wklv srvvlelolw| lv wkh prghov ri
uhflsurflw|1 Wkh dujxphqw lq wkhvh prghov lv wkdw vxemhfwv zdqw wr uhflsurfdwh
nlqg dfwlrqv zlwk nlqgqhvv dqg xqnlqg dfwlrqv zlwk xqnlqgqhvv1 Zkdw lv gh�qhg
dv dq lqwhqwlrqdoo| nlqg dfwlrq ghshqgv rq wkh dowhuqdwlyhv wkdw frxog kdyh ehhq
fkrvhq147 Udelq +4<<6, dqg Gxizhqehuj dqg Nlufkvwhljhu +5333, sursrvh wkdw wkh
wkuhvkrog iru zkdw lv nlqg lv d ixqfwlrq ri wkh odujhvw dqg vpdoohvw Sduhwr h!flhqw
rxwfrph wkdw frxog kdyh ehhq fkrvhq1 Idon dqg Ilvfkedfkhu +5333, dujxh lqvwhdg
wkdw wkh uhihuhqfh srlqw wkdw gh�qhv d nlqg dfw lv dq htxdo glvwulexwlrq/ exw wkdw
wkh lqwhqwlrq ehklqg dq dfwlrq ghshqgv rq wkh rswlrqv qrw fkrvhq148 Ohylqh +4<<;,

dqg Erowrq dqg Rfnhqihov +5333,1
47Erowrq/ Eudqgwv/ dqg Rfnhqihov +5333, vxjjhvwv wkdw e| lqfrusrudwlqj dq hqgrjhqrxv uhihu0

hqfh srlqw lq wkh gl�huhqfh dyhuvlrq prghov wkhvh prghov/ pd| wrr h{sodlq wkh gl�huhqw uhvsrqvh
iurp wkh vhfrqg sod|hu1 Dv vwdwhg deryh zh djuhh wkdw zkdw lv qhhghg wr fdswxuh wkh gl�huhqfh
ehwzhhq wkhvh jdphv lv wkdw wkh sd|r� dw sdwkv qrw fkrvhq d�hfw wkh hydoxdwlrq ri wkdw fkrvhq1

48Vlqfh wkh lqwhqwlrq ri fkrrvlqj wkh xqhtxdo sd|r� glvwulexwlrq lv vrphzkdw uhgxfhg lq wkh
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sursrvhv d prgho zkhuh nlqgqhvv wrzdug rwkhuv ghshqgv rq rwkhuv* dwwlwxghv/
zklfk duh lqihuuhg yld dfwlrqv1 Fkdqjhv lq wkh sd|r� rssruwxqlwlhv pd| lq xhqfh
wkh delolw| wr pdnh vxfk lqihuhqfhv dqg wkxv d�hfw rqh*v hydoxdwlrq ri wkh dowuxlvwlf
dwwlwxghv ri dq rssrqhqw1 Zlwk wkh hydoxdwlrq ri dq dfwlrq ehlqj d ixqfwlrq ri wkh
dfwlrq qrw fkrvhq wkhvh prghov kdyh d odujhu srwhqwldo iru suhglfwlqj wkh fkdqjh
lq suhihuhqfhv wkdw zh revhuyh lq wkh wzr vhtxhqwldo jdphv1

Zkloh doo ri wkh fxuuhqw idluqhvv prghov surylgh ydoxdeoh lqvljkw wr wkh ghyl0
dwlrqv iurp htxloleulxp/ wkh| doo idlo lq rqh uhvshfw1 Lq suhglfwlqj ehkdylru iru
wkh vhtxhqwldo jdph erwk fodvvhv ri idluqhvv prghov suhglfw wkdw vhfrqg pryhuv/
zkr duh vx!flhqwo| frqfhuqhg zlwk idluqhvv/ lqfuhdvh frqwulexwlrqv lq uhvsrqvh wr
d odujh lqlwldo frqwulexwlrq1 Dv vkrzq lq Iljxuh 6/ rxu h{shulphqwdo uhvxowv gr qrw
vxssruw wklv lqfuhdvh lq frqwulexwlrqv149

Lq vxp/ rxu uhvxowv vxjjhvwv wkdw wkh vho�vk htxloleulxp suhglfwlrq lv iudjloh
zkhq wkh htxloleulxp sd|r�v duh xqhtxdo dqg wkhuh duh dowhuqdwlyh rxwfrphv wkdw
erwk lqfuhdvh htxdolw| dqg wkh sd|r� wr wkh glvdgydqwdjhg sduw|1 Ixuwkhupruh/
li prghov ri idluqhvv duh wr suhglfw wkh revhuyhg gl�huhqfh dfurvv wkh wkuhh jdphv
wkhq wkh| pxvw doorz wkh hydoxdwlrq ri dfwlrq wr ghshqg rq wkh dfwlrqv qrw fkrvhq1

91 Frqfoxvlrq

Zlwk wkh prxqwlqj hylghqfh rq wkh lpsruwdqfh ri dowuxlvp dqg idluqhvv lq hfr0
qrplf oderudwru| h{shulphqwv/ wkhuh kdv ehhq d pryh wr ghyhors suhglfwlyh prghov
ri wklv ehkdylru1 Ghyhorslqj vxfk prghov uhtxluhv d fduhixo/ gholehudwh/ dqg v|v0
whpdwlf dssurdfk wr wkh gdwd1 Lw lv lpsruwdqw wr lghqwli|/ lq frqwuroohg vhwwlqjv/
wkh shuvrqdo dqg hqylurqphqwdo idfwruv wkdw duh prvw lpsruwdqw wr vxemhfwv lq
hydoxdwlqj idluqhvv1

Zh wu| wr kljkoljkw vhyhudo dvshfwv ri idluqhvv e| frqvlghulqj wkuhh yhu| vlplodu
jdphv zlwk lghqwlfdo sd|r� wdeohv dqg qhduo| lghqwlfdo htxloleulxp suhglfwlrqv1
Wkh gl�huhqfh ehwzhhq wkh vhtxhqwldo dqg vlpxowdqhrxv jdphv lv vlpso| wkh rughu
ri sod|1 Wklv gl�huhqfh uhyhdov wkdw/ zkloh wkh sxoo ri htxloleulxp lv hylghqw lq hduo|
urxqgv�zlwk wkh �uvw0pryhuv dwwhpswlqj wr h{sorlw wkhlu dgydqwdjhg srvlwlrq�
wkh sxoo ri idluqhvv hyhqwxdoo| grplqdwhv�vlpxowdqhrxv dqg vhtxhqwldo sod| duh
yhu| vlplodu e| wkh hqg ri wkh h{shulphqw1 Pruhryhu/ zkloh orz frqwulexwlrqv e|

ehvw0vkrw jdph zh vkrxog vhh dq lqfuhdvh lq wkh qxpehu ri vhfrqg pryhuv zkr suhihu wkhlu ehvw
uhvsrqvh1

49Wklv �qglqj lv frqvlvwhqw zlwk Fkduqhvv dqg Udelq +5333, zkr �qg wkdw wkhuh lv olwwoh
hylghqfh ri vdful�fh wr uhflsurfdwh jrrg ehkdylru1
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�uvw pryhuv duh riwhq sxqlvkhg/ kljk frqwulexwlrqv duh vhogrp uhzdughg1
Wkh gl�huhqfh ehwzhhq wkh vhtxhqwldo dqg ehvw0vkrw jdphv lv vroho| lq wkh

r�0wkh0htxloleulxp0sdwk sd|r�v1 Zh �qg wkdw/ hyhq wkrxjk wkh vxejdph shuihfw
htxloleuld duh wkh vdph/ rqo| lq wkh ehvw0vkrw jdph lv lw revhuyhg1 Lq sduwlfxodu/
vho�vk dfwv duh wrohudwhg lq wkh ehvw0vkrw jdph exw duh sxqlvkhg lq wkh vhtxhqwldo
jdph1 Lw wkxv dsshduv wkdw zkhq sd|r�v r� wkh htxloleulxp sdwk pdnh lw pruh
gl!fxow wr eh idlu/ d vho�vk dfw e| wkh �uvw pryhu lv vhhq dv pruh wrohudeoh1
Krzhyhu/ zkhq wkh �uvw pryhu kdv wkh rswlrq wr eh idlu/ wkhq d vho�vk pryh lv
vhhq dv pruh hjuhjlrxv e| vhfrqg pryhuv1 Dv d uhvxow/ qrw rqo| lv wkh dfwxdo
doorfdwlrq surgxflqj idluqhvv/ exw wkh urdg wr wkdw doorfdwlrq�dqg wkh urdgv qrw
wdnhq dorqj wkh zd|�duh dovr lqsxwv lqwr wkh surgxfwlrq ri idluqhvv1

Zkdw grhv rxu zrun sruwhqg iru ixwxuh uhvhdufk rq idluqhvvB Idluqhvv/ lw vhhpv/
lv d frpsoh{ dqg g|qdplf frqfhsw zlwk pdq| ydulhg lqsxwv1 Wkh uxohv/ sd|r�
srvvlelolwlhv/ wkh lqwhqwlrqv/ dqg wkh frqwh{w ri wkh jdph duh doo srwhqwldo lqsxwv
lqwr wkh surgxfwlrq ri idluqhvv1 Zlwk gholehudwh dqg fduhixoo| ghvljqhg vwxglhv lq
wkh ixwxuh/ vxemhfwv fdq uhyhdo wr xv zkdw pdnhv dq doorfdwlrq pruh ru ohvv idlu
dqg fdq khos xv exlog d ehwwhu suhglfwlyh prgho ri ehkdylru lq vlwxdwlrqv zlwk
xqhtxdo htxloleulxp sd|r�v1
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WDEOH 4
Fkrlfhv lq wkh Vlpxowdqhrxv Sxeolf Jrrgv Jdph/ C ' }� n }2

Dyhudjh }� Urxqg Dyhudjh }2 Urxqg
Vxemhfw doo odvw 8 dgrswhg Vxemhfw doo odvw 8 dgrswhg
Qxpehu urxqgv urxqgv }� ' b Qxpehu urxqgv urxqgv }2 ' f
Vhvvlrq 4

4 5169 419 0 5 715< 51; 47
6 618; 515 0 7 51:< 519 0
8 6169 515 0 9 613: 31; 44
: 6197 51; 0 ; 8183 419 44
< 8154 713 0 43 81<6 717 0
44 818: 715 0 45 7169 517 0
46 51:4 515 0 47 71:4 713 0

Vhvvlrq 5
4 41;9 313 0 5 616< 31; 47
6 8197 617 0 7 5183 713 0
8 7147 719 0 9 7197 715 0
: 515< 419 0 ; 6197 513 47
< 915< 715 0 43 ;133 ;13 0
44 71:4 717 0 45 518: 513 0
46 718: 617 0 47 71;9 619 0

Vhvvlrq 6
4 7169 713 0 5 31:5 319 0
6 618 913 0 7 3133 313 4
8 7176 61; 0 9 :169 :1; 0
: :1:4 :15 0 ; 41<6 419 0
< 6169 617 0 43 8133 817 0
44 :197 :19 0 45 6147 51; 0
46 9169 ;15 46 47 ;133 ;13 0

Phdq 7177 61< 7144 616
Phgldq 7 7 0 7 6 0
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WDEOH 5
Fkrlfhv lq Vhtxhqwldo Sxeolf Jrrgv Jdph/ C ' }� n }2
Dyhudjh }� Urxqg Dyhudjh }2 Dyhudjh C

Vxemhfw doo odvw 8 dgrswhg Vxemhfw doo odvw 8 doo odvw 8
qxpehu urxqgv urxqgv }� ' f qxpehu urxqgv urxqgv urxqgv urxqgv
Vhvvlrq 4

4 5147 51; 0 5 81<6 813 ;1;9 ;13
6 9133 819 0 7 61:< 417 9154 615
8 6169 519 0 9 7154 513 :154 913
: 71:4 719 0 ; 8133 715 ;147 ;13
< 6133 613 0 43 5154 613 81:< 913
44 3183 319 46 45 8147 915 ;154 ;13
46 4169 315 44 47 61<6 717 91;9 917

Vhvvlrq 5
4 31:4 313 7 5 418: 419 8183 817
6 413: 313 7 7 713: 519 81:4 617
8 518: 317 45 9 713: 819 8154 917
: 7147 715 0 ; 9133 :15 ;13: ;13
< 6183 617 47 43 5176 41; 9169 :19
44 8154 917 0 45 6154 513 9176 71;
46 4169 41; 0 47 6169 41; 9133 615

Vhvvlrq 6
4 31:< 313 6 5 713: 715 ;197 ;13
6 61:< 619 0 7 71;9 713 <147 ;15
8 5147 517 0 9 518: 41; 81:4 815
: 7154 615 0 ; :18: <19 43154 4317
< 8147 713 47 43 4197 513 7176 71;
44 8197 71; 0 45 71;9 613 <13: ;15
46 7154 817 0 47 713 815 ;15< ;17

Phdq 6145 51; 7135 61: :148 918
Phgldq 6 6 0 7 6 ; ;
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WDEOH 6
Fkrlfhv lq Ehvw0vkrw Jdph/ C ' 4@ E}�c }2j

Dyhudjh }� Urxqg Dyhudjh }2 Dyhudjh C
Vxemhfw doo odvw 8 dgrswhg Vxemhfw doo odvw 8 doo odvw 8
qxpehu urxqgv urxqgv }� ' f qxpehu urxqgv urxqgv urxqgv urxqgv
Vhvvlrq 4

4 51:< 31; 0 5 9169 917 ;154 ;15
6 :183 <13 0 7 81:4 917 :1<6 ;15
8 31:< 313 : 9 7197 917 :1;9 ;15
: 31;9 315 44 ; 418: 417 6169 617
< 41;9 413 0 43 81:4 917 ;133 ;15
44 418: 313 7 45 81;9 ;15 :176 ;15
46 4183 313 7 47 515< 515 5169 515

Vhvvlrq 5
4 41;9 315 45 5 71:4 ;13 91;9 ;13
6 4147 313 : 7 81:4 ;13 :1<6 ;13
8 518: 415 0 9 41;9 313 6147 317
: 715< 617 47 ; 715< 81; 813: :17
< 31:4 313 7 43 91;9 ;13 ;147 ;13
44 4169 31; 47 45 9169 917 :169 ;15
46 31<6 313 : 47 91;9 ;13 :1<6 ;13

Vhvvlrq 6
4 515< 313 9 5 8147 71; ;197 4317
6 <133 <13 0 7 71;9 917 918: ;15
8 3197 313 5 9 71<6 ;1; :1:< ;15
: 31:4 313 7 ; 8176 917 :15< 4319
< 615< 71; 46 43 81:4 917 :1:4 ;15
44 4133 313 : 45 81:< 917 :1;9 :17
46 6133 317 45 47 7147 917 918: 917

Phdq 5169 418 71<< 914 91;9 :16
Phgldq 4 3 44 ; ; ; ;
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WDEOH 7
Sxqlvkphqwv e| Vhfrqg0Pryhuv wr Orz Frqwulexwlrqv wr Iluvw0Pryhuv

Sure1 Sure1
}2 ' f }2 5 dfc 2o

Sure1 jlyhq Sure1 jlyhq
}� ' f }� ' f }� 5 dfc 2o }� 5 dfc 2o

Vhtxhqwldo Sxeolf Jrrgv=
Doo Urxqgv 5918 631; 7815 6:19
Urxqgv 40: 5518 6316 7314 661<
Urxqgv ;047 6319 6414 8316 7318

Ehvw0vkrw Jdph=
Doo Urxqgv 7:19 4417 :517 4;1;
Urxqgv 4�: 6313 4619 8<1< 561<
Urxqgv ;�47 9816 4317 ;813 4815
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Dsshqgl{=
Vxemhfwv* Lqvwuxfwlrqv iru wkh
Vhtxhqwldo Sxeolf Jrrgv Jdph

Wkh Xqlyhuvlw| ri Zlvfrqvlq
Ghsduwphqw ri Hfrqrplfv

ZHOFRPH

Wklv h{shulphqw lv d vwxg| ri jurxs dqg lqglylgxdo lqyhvwphqw ehkdylru1 Wkh
lqvwuxfwlrqv duh vlpsoh1 Li |rx iroorz wkhp fduhixoo| dqg pdnh jrrg lqyhvwphqw
ghflvlrqv |rx pd| hduq d frqvlghudeoh dprxqw ri prqh|1

Wkh prqh| |rx hduq zloo eh sdlg wr |rx/ lq fdvk/ dw wkh hqg ri wkh h{shulphqw1
D uhvhdufk irxqgdwlrq kdv surylghg wkh ixqgv iru wklv vwxg|1

KRZ \RX PDNH PRQH\

Iluvw/ |rx zloo jhw '6133 sxw lqwr |rxu hduqlqjv dffrxqw mxvw iru ehlqj zloolqj
wr sduwlflsdwh1 Wkh prqh| |rx pdnh iurp |rxu lqyhvwphqw ghflvlrqv zloo eh dgghg
wr wklv dffrxqw dv wkh h{shulphqw surfhhgv1

\rxu lghqwlw| zloo eh nhsw sulydwh wkurxjkrxw wkh h{shulphqw1 Qhlwkhu wkh shr0
soh uxqqlqj wkh h{shulphqw qru wkh rwkhu sduwlflsdqwv zloo hyhu nqrz |rxu qdph/
qru zloo wkh| eh deoh wr olqn |rx zlwk dq| ri wkh ghflvlrqv pdgh lq wkh h{shulphqw1

\rxu ghflvlrqv zloo eh uhfrughg e| wkh frpsxwhu1 Dw wkh hqg ri wkh h{shulphqw
|rx zloo uhfhlyh |rxu fdvk sd|phqw lq d vhdohg hqyhorsh vr wkdw qr rqh exw |rx
nqrzv krz pxfk |rx kdyh hduqhg1

Sohdvh gr qrw wdon wr dq| rwkhu sduwlflsdqw gxulqj wkh h{shulphqw1
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WKH WZR LQYHVWRUV

Lq wklv h{shulphqw |rx zloo pdnh d vhulhv ri 47 lqyhvwphqw ghflvlrqv1 Iru hdfk
lqyhvwphqw ghflvlrq |rx zloo eh udqgrpo| sdluhg zlwk rqh rwkhu sduwlflsdqw1 \rxu
lqyhvwphqw uhwxuqv zloo ghshqg rq wkh lqyhvwphqw ghflvlrqv wkdw |rx dqg wkh rwkhu
sduwlflsdqw pdnh1

LPSRUWDQW QRWLFH= Iru hdfk lqyhvwphqw ghflvlrq |rx zloo eh udqgrpo|
sdluhg zlwk d gl�huhqw sduwlflsdqw1 \rx zloo qhyhu sod| djdlqvw wkh vdph sduwlfl0
sdqw wzr wlphv lq d urz1

Lq hdfk lqyhvwphqw ghflvlrq/ rqh sduwlflsdqw zloo eh nqrzq dv wkh EOXH Lq0
yhvwru/ dqg rqh sduwlflsdqw zloo eh nqrzq dv wkh UHG Lqyhvwru1 Zh zloo whoo |rx
dw wkh vwduw ri wkh h{shulphqw zkhwkhu |rx zloo eh d EOXH lqyhvwru ru d UHG
lqyhvwru1 \rxu froru zloo eh wkh vdph wkurxjkrxw wkh h{shulphqw1

\RXU LQYHVWPHQW GHFLVLRQ

Hdfk ri wkh wzr lqyhvwruv fdq sxufkdvh Lqyhvwphqw Xqlwv1 Lqyhvwphqw xqlwv
frvw 43 fhqwv shu xqlw1 Iru lqvwdqfh/ li |rx sxufkdvh 9 xqlwv/ zh zloo vxewudfw '3193
iurp |rxu lqyhvwphqw hduqlqjv1 Hdfk sduwlflsdqw fdq sxufkdvh dq|zkhuh iurp 3
wr 53 xqlwv1

Zkdw |rx hduq iurp wkh lqyhvwphqw zloo ghshqg rq wkh qxpehu ri xqlwv sxu0
fkdvhg e| |rx dqg wkh rwkhu sduwlflsdqw1 Wkh wzr lqyhvwruv/ krzhyhu/ zloo qrw
hduq wkh vdph dprxqw ri fdvk iurp wkh lqyhvwphqw1 \rxu hduqlqjv zloo ghshqg rq
zkhwkhu |rx duh wkh EOXH lqyhvwru ru wkh UHG lqyhvwru1

Wkh wdeoh rq wkh iroorzlqj sdjh fdq khos |rx fdofxodwh wkh hduqlqjv iurp wkh
lqyhvwphqw1 Dv |rx fdq vhh lq wkh wdeoh/ hduqlqjv ghshqg rq wkh WRWDO qxpehu
ri lqyhvwphqw xqlwv sxufkdvhg e| erwk sduwlflsdqwv1

PDNLQJ WKH LQYHVWPHQW FKRLFHV

Iru hyhu| lqyhvwphqw ghflvlrq/ wkh UHG lqyhvwruv zloo dozd|v pdnh wkhlu lq0
yhvwphqw ghflvlrqv �uvw1 Zkhq doo UHG sduwlflsdqwv kdyh hqwhuhg wkhlu ghflvlrqv
lqwr wkh frpsxwhu/ wkh frpsxwhu zloo udqgrpo| pdwfk hdfk UHG sduwlflsdqw zlwk
d EOXH sduwlflsdqw1 Wkh fkrlfh ri wkh UHG lqyhvwru zloo wkhq eh uhyhdohg wr wkh
EOXH lqyhvwru1 Wkh EOXH lqyhvwruv zloo wkhq eh dvnhg wr pdnh wkhlu lqyhvwphqw
fkrlfhv/ hdfk nqrzlqj wkh qxpehu ri lqyhvwphqw xqlwv douhdg| sxufkdvhg e| wkh
UHG lqyhvwru lq wkhlu sdlu1 Zkhq doo wkh EOXH sduwlflsdqwv kdyh hqwhuhg wkhlu
ghflvlrqv/ wkh frpsxwhu zloo fdofxodwh wkh uhwxuqv iru erwk lqyhvwruv1

^Wkh Wdeoh vkrzq lq Iljxuh 4 dsshduv rq wkh iroorzlqj sdjh ri wkh Lqvwuxfwlrqv1`
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FDOFXODWLQJ \RXU HDUQLQJV
IRU HDFK LQYHVWPHQW FKRLFH

Wkh ehvw zd| wr h{sodlq krz wr xvh wkh wdeoh wr fdofxodwh |rxu hduqlqjv lv zlwk
vrph h{dpsohv1

H{dpsoh 41 Vxssrvh erwk lqyhvwruv sxufkdvhg }hur lqyhvwphqw xqlwv1 Wkhq
erwk lqyhvwruv zrxog jhw d uhwxuq ri '3 dqg vshqg qrwklqj rq lqyhvwphqw xqlwv/
khqfh hduqlqj qrwklqj iru wklv lqyhvwphqw ghflvlrq1 Li hlwkhu lqyhvwru kdg sxu0
fkdvhg rqh xqlw/ dw d frvw ri '3143/ UHG*v uhwxuq iurp wkh wrwdo lqyhvwphqw zrxog
jr xs e| '3148/ dqg EOXH*v zrxog jr xs e| '31491

H{dpsoh 51 Vxssrvh wkh UHG lqyhvwru fkrrvhv wr sxufkdvh 8 lqyhvwphqw xqlwv/
dqg wkh EOXH lqyhvwru sxufkdvhv 5 xqlwv1 Wkhq wkh wrwdo xqlwv sxufkdvhg lv 8 .
5 @ :� Wxuqlqj wr wkh urz odehohg : lq wkh wdeoh/ zh vhh wkdw wkh UHG lqyhvwru
zloo hduq '4136 iurp wkh lqyhvwphqw dqg wkh EOXH lqyhvwru zloo hduq '4137 iurp
wkh lqyhvwphqw1 Krzhyhu/ wkh UHG lqyhvwru pxvw sd| 8 � '3143 @ '3183 iru klv
8 lqyhvwphqw xqlwv/ |lhoglqj qhw hduqlqjv ri '4136 � 3183 @ '31861 Olnhzlvh/ wkh
EOXH lqyhvwru pxvw sd| 5 � '3143 @ '3153 iru klv 5 lqyhvwphqw xqlwv/ |lhoglqj
qhw hduqlqjv ri '4137 � 3153 @ '31;71 Qrwlfh/ zh fdq dovr xvh wkh wdeoh wr vhh krz
lqyhvwruv fdq fkdqjh wkhlu hduqlqjv1 Li hlwkhu lqyhvwru kdg sxufkdvhg rqh pruh
xqlw/ dw d frvw ri '3143/ UHG*v uhwxuq iurp wkh wrwdo lqyhvwphqw zrxog jr xs e|
'3146/ dqg EOXH*v zrxog jr xs e| '31441
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LQIRUPDWLRQ WR \RX

Diwhu doo sduwlflsdqwv kdyh pdgh wkhlu ghflvlrqv/ wkh frpsxwhu zloo lqirup |rx
ri wkh rxwfrph ri |rxu lqyhvwphqw1 \rx zloo eh wrog wkh lqyhvwphqw ghflvlrqv/ wkh
lqyhvwphqw uhwxuqv/ dqg wkh qhw hduqlqjv diwhu sd|lqj iru lqyhvwphqw xqlwv ri erwk
lqyhvwruv1 Qr rqh zloo eh wrog ri wkh lqyhvwphqwv ru hduqlqjv ri rwkhu sduwlflsdqwv
lq wkh h{shulphqwv1

\RXU FDVK HDUQLQJV

\rxu lqyhvwphqw hduqlqjv zloo eh wdoolhg e| wkh frpsxwhu1 Dw wkh hqg ri
wkh h{shulphqw |rxu hduqlqjv iurp lqyhvwphqwv zloo eh dgghg wr wkh '6 vwduwlqj
sd|phqw wr ghwhuplqh |rxu wrwdo fdvk hduqlqjv1 Wklv zloo eh sdlg wr |rx lq d
vhdohg sd| hqyhorsh dw wkh hqg ri wkh h{shulphqw1 Qhlwkhu wkh shrsoh uxqqlqj wkh
h{shulphqw qru wkh rwkhu sduwlflsdqwv zloo hyhu eh deoh wr wlh |rx wr dq| ri |rxu
lqyhvwphqw ghflvlrqv ru wr |rxu lqyhvwphqw hduqlqjv1

\rxu ghflvlrqv dqg hduqlqjv duh vwulfwo| sulydwh lqirupdwlrq1
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VXPPDU\

Wkh lpsruwdqw wklqjv wr uhphpehu duh=

41 Lqyhvwphqw Xqlwv frvw '3143 hdfk/ zklfk zloo eh vxewudfwhg iurp |rxu Lq0
yhvwphqw Uhwxuq1

51 Lqyhvwphqw Uhwxuqv ghshqg rq wkh wrwdo dprxqw lqyhvwhg e| erwk Uhg dqg
Eoxh lqyhvwruv1

61 Wkh Uhg lqyhvwru pryhv �uvw1 Diwhu ohduqlqj zkdw wkh Uhg lqyhvwru fkrvh/
wkh Eoxh lqyhvwru pryhv vhfrqg1

71 Iru hdfk urxqg |rx zloo eh udqgrpo| pdwfkhg zlwk d qhz sduwqhu1

81 Wkhuh duh 47 urxqgv lq wrwdo1

91 \rxu hduqlqjv dqg fkrlfhv duh doo vhfuhw/ sulydwh lqirupdwlrq1
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Uhihuhqfhv
Dqguhrql/ Mdphv/ �Frrshudwlrq lq Sxeolf Jrrgv H{shulphqwv= Nlqgqhvv ru Frqix0

vlrqB� Dphulfdq Hfrqrplf Uhylhz/ ;8/ 4<<8/ ;<4�<371
Dqguhrql/ Mdphv dqg Mrkq K1 Ploohu/ �Udwlrqdo Frrshudwlrq lq wkh Ilqlwho| Uhshdwhg

Sulvrqhu*v Glohppd= H{shulphqwdo Hylghqfh/� Hfrqrplf Mrxuqdo/ 436/ 4<<6/ 8:3�
8;81

Dqguhrql/ Mdphv dqg Mrkq K1 Ploohu/ �Jlylqj Dffruglqj wr JDUS= Dq H{shulphqwdo
Whvw ri wkh Frqvlvwhqf| ri Suhihuhqfhv iru Dowuxlvp/� iruwkfrplqj/ Hfrqrphwulfd/
53351

Ehuj/ Mr|fh/ Mrkq Glfnkdxw/ dqg Nhylq PfFdeh/ �Wuxvw/ Uhflsurflw|/ dqg Vrfldo
Qrupv/� Jdphv dqg Hfrqrplf Ehkdylru/ 4<<8/ 43/ 45504751

Elqpruh/ Nhq/ Dyqhu Vkdnhg dqg Mrkq Vxwwrq/ �Whvwlqj Qrq0frrshudwlyh Edujdlqlqj
Wkhru|= D Suholplqdu| Vwxg|/� Dphulfdq Hfrqrplf Uhylhz/ :8/ 4<;8/ 44:;0;31

Erowrq/ Jdu| H1/ �D Frpsdudwlyh Prgho ri Edujdlqlqj= Wkhru| dqg Hylghqfh/�
Dphulfdq Hfrqrplf Uhylhz/ ;4/4<<4/ 43<9044691

Erowrq/ Jdu| H1/ dqg D{ho Rfnhqihov/ �HUF/ D Wkhru| ri Htxlw|/ Uhflsurflw| dqg
Frpshwlwlrq/� Dphulfdq Hfrqrplf Uhylhz/ <3+4,/ 5333/ 49904<61

Erowrq/ Jdu| H1/ Mrugl Eudqgwv/ dqg D{ho Rfnhqihov/ �Idlu Surfhgxuhv= Hylghqfh
iurp Jdphv Lqyroylqj Orwwhulhv/� Xqsxeolvkhg Pdqxvfulsw/ 53331

Exghvfx/ Gdylg Y1/ Dpqrq Udsrsruw/ dqg Udp}l Vxohlpdq/ �Vlpxowdqhrxv yv1 Vh0
txhqwldo Uhtxhvwv lq Uhvrxufh Glohppdv zlwk Lqfrpsohwh Lqirupdwlrq/� Dfwd Sv|0
fkrorjlfd/ ;3/ 4<<5/ 5<:�6431

Fkduqhvv/ Jdu|/ dqg Pdwwkhz Udelq/ �Vrph Vlpsoh Whvwv ri Vrfldo Suhihuhqfhv/�
Xqsxeolvkhg Pdqxvfulsw/ 53331

Frdwv/ Mhqqlihu F1 dqg Wlprwk| M1 Jurqehuj/ �Surylvlrq ri Glvfuhwh Sxeolf Jrrgv=
Dq H{shulphqwdo Lqyhvwljdwlrq ri Dowhuqdwlyh Lqvwlwxwlrqv/� Xqsxeolvkhg Pdqx0
vfulsw/ Rfwrehu 4<<91

Furvrq/ Udfkho/ �Wkhrulhv ri Frpplwphqw/ Dowuxlvp dqg Uhflsurflw|= Hylghqfh iurp
Olqhdu Sxeolf Jrrgv Jdphv/� pdqxvfulsw/ Xqlyhuvlw| ri Shqqv|oydqld/ 4<<;1

Gx�|/ Mrkq dqg Qlfn Ihowrylfk/ �Grhv Revhuydwlrq ri Rwkhuv D�hfw Ohduqlqj lq
Vwudwhjlf HqylurqphqwvB Dq H{shulphqwdo Vwxg|/� Lqwhuqdwlrqdo Mrxuqdo ri Jdph
Wkhru|/ 5; +4<<<,/ 46404851

Gxizhqehuj/ Pduwlq dqg Jhruj Nlufkvwhljhu/ �D Wkhru| ri Vhtxhqwldo Uhflsurflw|/�
Xqsxeolvkhg Pdqxvfulsw/ 5333
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Idon/ Duplq dqg Xuv Ilvfkedfkhu/ �D Wkhru| ri Uhflsurflw|/� Xqsxeolvkhg Pdqx0
vfulsw/ 53331

Ihku/ Huqvw/ Jhruj Nlufkvwhljhu/ dqg Duqr Ulhgo/ �Grhv Idluqhvv Suhyhqw Pdunhw
FohdulqjB Dq H{shulphqwdo Lqyhvwljdwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/
FYLL/ 4<<6/ 76:�7931

Ihku/ Huqvw/ dqg Nodxv P1 Vfkplgw/ �D Wkhru| ri Idluqhvv/ Frpshwlwlrq dqg Frrs0
hudwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447/ 4<<</ ;4:0;9;1

Iruv|wkh/ Urehuw/ Mrho Krurzlw}/ Q1V1 Vdylq/ dqg Pduwlq Vhiwrq/ �Idluqhvv lq Vlpsoh
Edujdlqlqj Jdphv/� Jdphv dqg Hfrqrplf Ehkdylru/ 9/ 4<<7/ 67:�9<1

Iuhxqg/ Mrkq H1/ Pdwkhpdwlfdo Vwdwlvwlfv/ Vhfrqg Hglwlrq/ Hqjohzrrg Fol�v/ Q1M1=
Suhqwlfh Kdoo/ 4<:41

Ixghqehuj/ Guhz dqg Gdylg N1 Ohylqh/ �Phdvxulqj Sod|hu*v Orvvhv lq H{shulphqwdo
Jdphv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LL/ Pd| 4<<:/ 83:�8691

Jxwk/ Zhuqhu/ �Rq XowlpdwxpEdujdlqlqj H{shulphqwv�DShuvrqdo Ylhz/� Mrxuqdo
ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 5:/ 4<<8/ 65<�6771

Jxwk/ Zhuqhu/ U1 Vfkplwwehujhu dqg E1 Vfkzduw}/ �Dq H{shulphqwdo Dqdo|vlv ri
Xowlpdwxp Edujdlqlqj/� Mrxuqdo ri Jdphv dqg Hfrqrplf Ehkdylru/ 6/ 4<;5/ 69:�
;;1

Kduulvrq/ Johq dqg Mdfn Kluvkohlihu/ �Dq H{shulphqwdo Hydoxdwlrq ri wkh Zhdnhvw
Olqn/ Ehvw Vkrw Prghov ri Sxeolf Jrrgv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 4<;</
534�581

Kr�pdq/ Hol}dehwk/ Nhylq D1 PfFdeh/ dqg Yhuqrq O1 Vplwk/ �Rq H{shfwdwlrqv
dqg wkh Prqhwdu| Vwdnhv lq Xowlpdwxp Jdphv/� Lqwhuqdwlrqdo Mrxuqdo ri Jdph
Wkhru|/ 58+6,/ 4<<9/ 5;<�6341

Orhzhqvwhlq/ Jhrujh/ Ohljk Wkrpsvrq/ dqg Pd{ Ed}hupdq/ �Vrfldo Xwlolw| dqg
Ghflvlrq Pdnlqj lq Lqwhushuvrqdo Frqwh{wv/� Mrxuqdo ri Shuvrqdolw| dqg Vrfldo
Sv|fkrorj|/ 8:/ 4<;</ 75907741

Ndkqhpdq/ Gdqlho/ Mdfn O1 Nqhwvfk/ dqg Ulfkdug Wkdohu/ �Idluqhvv dv d Frqvwudlqw
rq Sur�w Vhhnlqj= Hqwlwohphqwv lq wkh Pdunhw/� Dphulfdq Hfrqrplf Uhylhz/ :9/
4<;9/ :5;�741

Ndjho/ Mrkq K1/ Fkxqj Nlp dqg Grqdog Prvhu/ �Idluqhvv lq Xowlpdwxp Jdphv
zlwk Dv|pphwulf Lqirupdwlrq dqg Dv|pphwulf Sd|r�v/� Jdphv dqg Hfrqrplf
Ehkdylru/ 46/ 4<<9/ 433�4431

Ohg|dug/ Mrkq R1/ �Sxeolf Jrrgv= D Vxuyh| ri H{shulphqwdo Uhvhdufk�/ lq M1Ndjho
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dqg D1H1 Urwk/ hgv1/ Kdqgerrn ri H{shulphqwdo Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw|
Suhvv= Sulqfhwrq Q1M1/ 4<<81

Ohylqh/ Gdylg/ �Prgholqj Dowuxlvp dqg Vslwhixoqhvv lq H{shulphqwv/� Uhylhz ri
Hfrqrplf G|qdplfv/ 4<<;/ 8<609551

PfNhoyh|/ Ulfkdug G1 dqg Wkrpdv U1 Sdoiuh|/ �Dq H{shulphqwdo Vwxg| ri wkh Fhq0
wlshgh Jdph/� Hfrqrphwulfd/ 93/ 4<<5/ ;36�;691

Qhholq/ Mdqhw/ Kxjr Vrqqhqvfkhlq/ dqg Pdwwkhz Vslhjho/ �D Ixuwkhu Whvw ri Qrq0
frrshudwlyh Edujdlqlqj Wkhru|/� Dphulfdq Hfrqrplf Uhylhz/ :;/ 4<;;/ ;570691

Rfkv/ Mdfn dqg Doylq H1 Urwk/ �Dq H{shulphqwdo Vwxg| ri Vhtxhqwldo Edujdlqlqj/�
Dphulfdq Hfrqrplf Uhylhz/ :</ 4<;</688�;71

Sudvqlndu/ Yhvqd dqg Doylq H1 Urwk/ �Frqvlghudwlrqv ri Idluqhvv dqg Vwudwhj|= H{0
shulphqwdo Gdwd iurp Vhtxhqwldo Jdphv/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dx0
jxvw/ 4<<5/ ;98�;;1

Udelq/ Pdwwkhz/ �Lqfrusrudwlqj Idluqhvv lqwr Jdph Wkhru| dqg Hfrqrplfv/� Dphu0
lfdq Hfrqrplf Uhylhz/ ;6/ 4<<6/ 45;4�46351

Urwk/ Doylq H1/ �Edujdlqlqj lq H{shulphqwv/� lq M1Ndjho dqg D1H1 Urwk/ hgv1/ Kdqg0
errn ri H{shulphqwdo Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv= Sulqfhwrq Q1M1/
4<<81

Vorqlp/ Urehuw/ dqg Doylq H1 Urwk/ �Ohduqlqj lq Kljk Vwdnhv Xowlpdwxp Jdphv=
Dq H{shulphqw lq wkh Vorydn Uhsxeolf1� Hfrqrphwulfd/ 99+6,/ Pd| 4<<;/ 89<�<91

Ydq Kx|fn/ Mrkq E1/ Dqq E1 Jloohwwh dqg Ud|prqg F1 Edwwdolr/ �Fuhgleoh Dvvljq0
phqwv lq Frruglqdwlrq Jdphv/� Jdphv dqg Hfrqrplf Ehkdylru/ 7+7,/ Rfwrehu
4<<5/ 9390591

Ydq Kx|fn Mrkq E1/ Ud|prqg F1 Edwwdolr/ dqg Pdu| I1 Zdowhuv/ �Frpplwphqw yhu0
vxv Glvfuhwlrq lq wkh Shdvdqw�Glfwdwru Jdph/� Jdphv dqg Hfrqrplf Ehkdylru/
43+4,/ Mxo| 4<<8/ 47604:31

Yduldq/ Kdo U1/ �Vhtxhqwldo Surylvlrq ri Sxeolf Jrrgv/� Mrxuqdo ri Sxeolf Hfr0
qrplfv/ 86/ 4<<7/ 498�;91
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