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Devwudfw

Lq wklv sdshu L vkrz wkdw/ frqwudu| wr Ehfnhu*v +4<95, Kxpdq Fdslwdo wkhru| dqg frqvlvwhqw zlwk

wkh hylghqfh/ lq d iulfwlrqohvv oderu pdunhw prgho ?upv sd| iru jhqhudo wudlqlqj/ zkloh wkh zrunhu

uhfhlyhv wkh ixoo uhwxuq rq jhqhudo wudlqlqj/ dqg wkh zrunhu dqg wkh ?up vkduh wkh uhwxuqv rq vshfl?f

lqyhvwphqwv1 Ixuwkhupruh/ wkh suhvhqfh ri jhqhudo wudlqlqj khosv wr doohyldwh wkh ?up*v lqfhqwlyhv

wr xqghulqyhvw lq vshfl?f wudlqlqj dqg wkdw ghod|hg jhqhudo wudlqlqj khosv wr doohyldwh wkh zrunhu*v

lqfhqwlyhv wr xqghulqyhvwphqw lq vshfl?f wudlqlqj ehfdxvh jhqhudo dqg vshfl?f wudlqlqj duh vwudwhjlf

frpsohphqwv1

L dovr vkrz wkdw wkhvh uhvxowv duh urexvw wr orqj0whup frqwudfwv dqg wkdw vhyhudo lqvwlwxwlrqdo

duudqjhphqwv wkdw khos wr doohyldwh wkh xqghulqyhvwphqw sureohp lq vshfl?f wudlqlqj pd| dovr khos

wr doohyldwh wkh xqghulqyhvwphqw sureohp lq jhqhudo wudlqlqj1

Nh|zrugv= Jhqhudo dqg Vshfl?f Wudlqlqj/ Krog0xs Sureohp/ Iulfwlrqohvv Oderu Pdunhw/ Zdjh

Iorruv

MHO0Fodvvl?fdwlrq= M74/ M57/ G54



4 Lqwurgxfwlrq

Lq wkh vwdqgdug wkhru| ri kxpdq fdslwdo dv ghyhorshg e| Ehfnhu +4<97,/ wkhuh lv d vkdus glvwlqfwlrq

ehwzhhq jhqhudo dqg vshfl?f wudlqlqj1 Wudlqlqj lv vshfl?f wr d uhodwlrqvkls wr wkh h{whqw wkdw lwv

ydoxh lv juhdwhu zlwklq wkh uhodwlrqvkls wkdq rxwvlgh/ zkhuhdv lv jhqhudo zkhq lv htxdoo| ydoxdeoh

lqvlgh wkdq rxwvlgh wkh uhodwlrqvkls1 Lq d frpshwlwlyh oderu pdunhw/ dffruglqj wr wkh vwdqgdug

Kxpdq Fdslwdo wkhru|/ wkh dqdo|vlv ri jhqhudo lqyhvwphqwv lv vwudljkwiruzdug1 Zrunhuv fdswxuh

wkh ixoo uhwxuq rq wkhlu jhqhudo wudlqlqj dqg wkh ?up qhyhu sd|v iru jhqhudo wudlqlqj14 Lq frqwudvw/

vshfl?f wudlqlqj frpelqhg zlwk frqwudfw lqfrpsohwhqhvv fuhdwhv txdvl0uhqwv wkdw pd| qrw eh glylghg

h{0srvw dffruglqj wr wkh sduwlhv h{0dqwh whupv ri wudgh1 Wklv uhqghuv pdunhwv irufhv lqvx!flhqw

wr ghwhu sduwlhv qrw wr ehkdyh rssruwxqlvwlfdoo|> wkdw lv/ wkh sduwlhv vkduh h{0srvw wkhlu uhwxuqv

wr vshfl?f lqyhvwphqwv/ dqg wkxv/ xqghulqyhvw lq vshfl?f wudlqlqj wdnhv sodfh1 Lq wklv sdshu/ L

vkrz/ frqvlvwhqw zlwk wkh hylghqfh/ wkdw lq d iulfwlrqohvv oderu pdunhw ?upv xvxdoo| sd| iru jhqhudo

wudlqlqj15 Khqfh/ qhlwkhu fuhglw pdunhw uhvwulfwlrqv qru oderu pdunhw lpshuihfwlrqv/ dv dujxhg e|

Dfhprjox dqg Slvfknh +4<<<,/ duh qhhghg wr lqgxfh ?upv wr surylgh dqg sd| iru jhqhudo wudlqlqj1

Ixuwkhupruh/ dv lq Ehfnhu*v Kxpdq Fdslwdo wkhru|/ zrunhuv uhfhlyh wkh ixoo uhwxuq rq jhqhudo

wudlqlqj dqg ?upv dqg zrunhuv vkduh wkh frvwv dqg ehqh?wv ri vshfl?f wudlqlqj1

Rxu prgho gl>huv iurp Ehfnhu*v prgho lq wkdw L dqdo|}h jhqhudo dqg vshfl?f lqyhvwphqwv wr0

jhwkhu/ |hw L dvvxph wkdw jhqhudo dqg vshfl?f wudlqlqj duh qhlwkhu frpsohphqwv qru vxevwlwxwhv lq

wkh surgxfwlrq ixqfwlrq1 Vr/ qrqh ri rxu uhvxowv duh gulyhq e| whfkqrorjlfdo frqvlghudwlrqv1 Lq wklv

iudphzrun/ L vkrz/ ?uvw/ wkdw jhqhudo dqg vshfl?f lqyhvwphqwv duh vwudwhjlf frpsohphqwv1 Zkhq

vshfl?f wudlqlqj lv dqdo|}hg wrjhwkhu zlwk jhqhudo wudlqlqj/ wkh suhvhqfh ri vshfl?f wudlqlqj fuhdwhv

txdvl0uhqwv wkdw kdyh wr eh glylghg h{0srvw ehwzhhq wkh zrunhu dqg wkh ?up dffruglqj wr wkh rxwvlgh

4Wkhuh lv rqh fdyhdw khuh/ zrunhuv pxvw kdyh iuhh dffhvv wr wkh fuhglw pdunhw1
5 1Wkh hylghqfh rq wkh h{lvwhqfh ri ?up0vsrqvruhg jhqhudo wudlqlqj lv ydvw/ vhh/ iru lqvwdqfh/ Elvkrs/ 4<<:> Orhzhq0

vwhlq dqg Vsohw}hu/ 4<<;> Slvfknh/ 4<<:/ dqg Dfhprjox dqg Slvfknh +4<<;,1 Wkh prvw frpprq h{dpsohv duh wkh

Jhupdq dssuhqwlfh v|vwhp zklfk lv frpprq lq pdq| frxqwulhv wrgd|/ dqg wkh whpsrudu| khos djhqflhv lq wkh X1V1/

zklfk surylgh jhqhudo wudlqlqj wr qhz hpsor|hhv/ vxfk dv frpsxwhu vnloov/ dqg ehdu wkh ixoo prqhwdu| frvwv +Dxwru/

5334,1
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rswlrq sulqflsoh1 Wkdw lv/ wkh zrunhu jhwv sdlg klv rxwvlgh surgxfwlylw| zkhqhyhu klv vkduh ri wkh

vxusoxv +rxwsxw, lv orzhu wkdq klv rxwvlgh surgxfwlylw|/ zkloh kh vkduhv wkh wrwdo vxusoxv zlwk wkh

?up zkhq klv vkduh lv odujhu wkdq klv rxwvlgh surgxfwlylw|1 Wkxv zkhq wkh vxusoxv vkdulqj rxwfrph

dulvhv wkh ?up dssursldwhv/ h{0srvw/ d vkduh ri wkh uhwxuqv wr jhqhudo dqg vshfl?f wudlqlqj1 Wklv

lqgxfhv wkh ?up wr sd| iru jhqhudo wudlqlqj1 Wklv soxv wkh idfw wkdw wkh vxusoxv vkdulqj rxwfrph

lv pruh olnho| wr dulvh wkh odujhu lv wkh lqyhvwphqw lq vshfl?f wudlqlqj/ pdnhv vshfl?f dqg jhq0

hudo wudlqlqj vwudwhjlf frpsohphqwv1 Khqfh/ wkh elodwhudo prqrsro| jhqhudwhg e| vshfl?f wudlqlqj/

zkloh fuhdwhv lqfhqwlyhv wr xqghulqyhvw lq vshfl?f wudlqlqj/ lw fuhdwhv lqfhqwlyhv wr lqyhvw lq jhqhudo

wudlqlqj1

L dovr vkrz wkdw wkh vwudwhjlf frpsohphqwdulw| ehwzhhq vshfl?f dqg jhqhudo wudlqlqj khosv wr

doohyldwh wkh krog0xs sureohp1 Wkh uhdvrq ehlqj wkdw lq wkrvh vwdwhv lq zklfk wkh zrunhu jhwv sdlg

klv rxwvlgh surgxfwlylw| wkh ?up jhwv wkh ixoo uhwxuq rq lwv lqyhvwphqw lq vshfl?f wudlqlqj ehfdxvh

wkh zrunhu*v rxwvlgh surgxfwlylw| ghshqgv rqo| rq jhqhudo wudlqlqj1 Jlyhq wkdw d odujhu lqyhvwphqw

lq jhqhudo wudlqlqj lqfuhdvhv wkh zrunhu*v rxwvlgh surgxfwlylw|/ pruh jhqhudo wudlqlqj pdnhv wkh

?up pruh olnho| wr jhw wkh ixoo uhwxuq rq lwv lqyhvwphqw lq vshfl?f wudlqlqj1

Wkh vwudwhjlf frpsohphqwdulw| ehwzhhq vshfl?f dqg jhqhudo wudlqlqj kdv dqrwkhu ehqh?w wkdw

dulvhv rqo| zkhq wkh ?up ghod|v lwv lqyhvwphqw lq jhqhudo wudlqlqj/ zklfk lv wr lqfuhdvh wkh zrunhu*v

lqfhqwlyh wr lqyhvw lq vshfl?f wudlqlqj1 Wkh uhdvrq ehlqj wkdw d odujhu lqyhvwphqw lq vshfl?f wudlqlqj

uhvxowv lq d odujhu ixwxuh zdjh/ ehfdxvh lw lqgxfhv wkh ?up wr lqyhvw pruh lq jhqhudo wudlqlqj1 Lq idfw

L vkrz wkdw zkhq wkh ?up*v dqg wkh zrunhu*v h{shfwhg sd|r>v duh vxshuprgxodu/ ghod|hg jhqhudo

wudlqlqj lv zhoiduh hqkdqflqj1 Wkh idfw wkdw lqyhvwphqw lq jhqhudo wudlqlqj lv ghod|hg lv qrw dw rggv

zlwk wkh hylghqfh1 Iru lqvwdqfh/ Orhzhqvwhlq dqg Vsohw}hu +4<<:, ?qg wkdw ghod|hg irupdo wudlqlqj

vhhpv wr eh wkh qrup udwkhu wkdq wkh h{fhswlrq16

6Dq vwdqgdug h{dpsoh ri ghod|hg jhqhudo wudlqlqj lv wkh PED judgxdwh hgxfdwlrq1 Lq pdq| fdvhv wkh wxlwlrq iru

wkhvh surjudpv lv sduwldoo| sdlg iru e| wkh ?up dw zklfk wkh vwxghqwv xvhg wr zrun1 Ixuwkhupruh/ fdvxdo hylghqfh

vxjjhvwv wkdw wkh orqjhu d zrunhu kdg ehhq lq wkh frpsdq| +pruh vshfl?f wudlqlqj dffxpxodwhg,/ wkh pruh olnho| lv

wkdw wkh ?up sd|v iru sduw ri wkh PED hgxfdwlrq1 Wklv vxjjhvwv hylghqfh rq wkh frpsohphqwdulw| ehwzhhq vshfl?f

dqg jhqhudo wudlqlqj1
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Ilqdoo|/ L dujxh wkdw wkhvh ?qglqjv duh urexvw wr wkh lqwurgxfwlrq ri orqj0whup frqwudfwv dqg

vkrz wkdw vrph frpprqo| revhuyhg lqvwlwxwlrqdo duudqjhphqwv pd| surylgh wkh ?up zlwk pruh

lqfhqwlyhv wr lqyhvw dqg sd| iru jhqhudo dqg vshfl?f wudlqlqj1 Lq idfw/ L vkrz wkdw= +l, d surshuo|

fkrvhq plqlpxp zdjh/ frqwudu| wr wkh suhglfwlrq iurp wkh vwdqgdug Kxpdq Fdslwdo wkhru|/ pd|

lqfuhdvh wkh htxloleulxp wudlqlqj ohyhov> dqg +ll, wkdw dq xs0ru0rxw uxoh +Ndkq dqg Kxehupdq/ 4<;;,

dqg wkh srolf| ri dwwdfklqj zdjhv wr mrev +Suhqghujdvw/ 4<<5, pd| uhvxow/ qrw rqo| lq pruh vshfl?f

wudlqlqj dv xvxdoo| hpskdvl}hg/ exw dovr lq pruh ?up0vsrqvruhg jhqhudo wudlqlqj1

Rxu sdshu eruurzv lghdv dqg uhodwhv wr wkh olwhudwxuh wkdw dwwhpswv wr vroyh wkh krog0xs sureohp

wkurxjk frqwudfwxdo duudqjhphqwv1 Fkxqj +4<<4,/ Djklrq hw1 do1 +4<<7,/ dqg Qroghnh dqg Vfkplgw

+4<<8, dqdo|}h frqwudfwv/ zkloh lqfrpsohwh/ fdq dfklhyh wkh h!flhqw rxwfrph1 Wkhvh sdshuv kdyh lq

frpprq wkdw dw wkh uhqhjrwldwlrq vwdjh rqh sduw| krogv wkh hqwluh edujdlqlqj srzhu17 Wkdw sduw|/

e| hvvhqwldoo| ehfrplqj wkh uhvlgxdo fodlpdqw kdv wkh lqfhqwlyh wr lqyhvw h!flhqwo|1 Hgolq dqg

Uhlfkhovwhlq +4<<9d/ e, dvvxph wkdw sduwlhv zulwh d frqwudfw wkdw vshfl?hv d ?{hg wudgh sulfh dqg

d txdqwlw|/ dqg diwhu uhdol}lqj wkh jdlqv iurp wudgh/ wkh sduwlhv uhqhjrwldwh wr wkh h{0srvw h!flhqw

txdqwlw|/ zlwk wkh edujdlqlqj vxusoxv glylghg ehwzhhq wkhp dffruglqj wr wkhlu uhodwlyh edujdlqlqj

srzhu1 Wkh| vkrz wkdw wklv uhqhjrwldwlrq surfhvv e| lwvhoi ohdgv wr xqghulqyhvwphqw/ exw wkdw dovr

hdfk sduw| kdv dq dgglwlrqdo lqfhqwlyh wr lqyhvw lq rughu wr lpsuryh klv glvdjuhhphqw rxwfrph1

Khqfh/ xqghu fhuwdlq frqglwlrqv/ dq dssursldwho| fkrvhq lqlwldo frqwudfw fdq surylgh wkh sduwlhv

zlwk wkh uljkw lqfhqwlyhv wr lqyhvw dw wkh vrfldoo| h!flhqw ohyho1 Rxu dqdo|vlv/ zkloh lw eruurzv

iurp wklv olwhudwxuh/ lv gl>huhqw ehfdxvh lw frqfhqwudwhv lq frrshudwlyhv lqyhvwphqwv/ zkhuhdv wklv

olwhudwxuh irfxv rq vhoi0vshfl?f lqyhvwphqwv1

Frrshudwlyh lqyhvwphqwv ri wkh w|sh L frqvlghu khuh kdyh uhfhlyhg olwwoh dwwhqwlrq1 PdfOhrg

dqg Pdofrpvrq +4<<6d/ e, wuhdw frrshudwlyh lqyhvwphqwv e| rqo| rqh sduw|1 Wkh| gr wkdw wkurxjk

d frqwudfw vshfli|lqj d wudgh sulfh/ dqg qrq0wudgh sulfh dqg d rxwvlgh0rswlrq sulfh vxfk wkdw wkh

qrq0lqyhvwlqj sduw| rxwvlgh rswlrq lv dozd|v elqglqj1 Vlqfh wkh vshfl?f lqyhvwphqw grhv qrw d>hfw

7Vrph ri wkhvh sdshuv mxvw dvvxph wklv/ zkloh rwkhuv ghulyh wklv iurp d sduwlfxodu edujdlqlqj surfhgxuh ru frp0

solfdwhg erqglqj vfkhphv1
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wkh rxwvlgh rswlrq/ wkh lqyhvwlqj sduw| jhwv wkh ixoo uhwxuq ri klv lqyhvwphqw/ dqg wkhuhiruh lqyhvwv

dw wkh h!flhqw ohyho1 Fkh dqg Kdxvfk +4<<<, lv wkh prvw frpsohwh wuhdwphqw ri frrshudwlyh lq0

yhvwphqwv1 Wkhlu pdlq ?qglqj hvwdeolvkhv wkdw zkhq sduwlhv fdqqrw frpplw qrw wr uhqhjrwldwh dqg

lqyhvwphqwv duh vx!flhqwo| frrshudwlyh/ wkhuh h{lvwv dq lqwhuphgldwh udqjh ri edujdlqlqj vkduhv

iru zklfk frqwudfwlqj kdv qr ydoxh> wkdw lv frqwudfwlqj r>huv wkh sduwlhv qr dgydqwdjh ryhu vsrw

frqwudfwlqj18 Zkhq wkh lqyhvwphqw duh sxuho| frrshudwlyh/ frqwudfwlqj ehfrph zruwkohvv iru wkh

hqwluh udqjh1

Wkhuh duh dovr rwkhu sdshuv vkrzlqj wkdw ?upv sd| iru jhqhudo wudlqlqj/ |hw doo ri wkhvh dvvxph

wkdw wkh oderu pdunhw kdv iulfwlrqv1 Dfhprjox dqg Slvfknh +4<<;/ 4<<<, dujxh wkdw oderu pdunhw

lpshuihfwlrqv pd| h{sodlq zk| ?upv sd| iru jhqhudo wudlqlqj1 Wkh| vkrz wkdw zkhq oderu pdunhwv

lpshuihfwlrqv glvwruw wkh vwuxfwxuh ri zdjhv zlwklq wkh ?up dzd| iurp wkh frpshwlwlyh ehqfkpdun

dqg wr wkh ehqh?w ri xqvnloohg zrunhuv/ lw zloo eh sur?wdeoh iru ?upv wr surylgh zrunhuv zlwk

jhqhudo wudlqlqj1 Wkh uhdvrq ehlqj wkdw oderu pdunhwv lpshuihfwlrqv pdnh jhqhudo vnloov vshfl?f lq

wkh vhqvh wkdw wudlqhg zrunhuv gr qrw jhw wkhlu ixoo pdujlqdo surgxfw zkhq wkh| vzlwfk wr dqrwkhu

mre1 Fkdqj dqg Zdqj +4<<9, dqg Ndw} dqg Vlghupdq +4<<3, pdnh d yhu| vlplodu srlqw lq voljkwo|

gl>huhqw frqwh{w1 Wkh| dvvxph wkdw zkhq lqyhvwphqw lq jhqhudo wudlqlqj lv qrw revhuyhg e| srwhqwldo

hpsor|huv dqg lv qrw frqwudfwleoh 8vr srwhqwldo hpsor|huv gr qrw nqrz wudlqhg zrunhuv*v pdujlqdo

surgxfw8 wudlqhg zrunhuv* rxwvlgh r>huv gr qrw ixoo| uh hfw wkhlu surgxfwlylw|1 Wkh| vkrz/ dv L gr/

wkdw wkhuh lv xqghulqyhvwphqw lq kxpdq fdslwdo/ dqg wkdw lq htxloleulxp wkh lqyhvwphqw lq jhqhudo

wudlqlqj lv srvlwlyho| uhodwhg wr wkh suredelolw| wkdw d zrunhu vwd|v zlwk wkh vdph hpsor|hu lq wkh

vhfrqg shulrg1 Wkhuh duh qr sdshuv dv idu dv L nqrz wkdw dgguhvv frrshudwlyh vshfl?f lqyhvwphqwv

frxsohg zlwk jhqhudo lqyhvwphqwv lq d frpshwlwlyh pdunhw dv L gr1

Wkh uhvw ri wkh sdshu lv dv iroorzv1 Lq wkh qh{w vhfwlrq/ wkh prgho lv suhvhqwhg1 Lq vhfwlrq 6/

wkh h!flhqw wudlqlqj ohyhov duh ghulyhg1 Lq wkh qh{w vhfwlrq/ vhfwlrq 7/ L vkrz wkdw lq d iulfwlrqohvv

oderu pdunhw/ jhqhudo dqg vshfl?f wudlqlqj duh vwudwhjlf frpsohphqwv dqg wkdw ?upv sd| iru jhqhudo

8Wkh| dvvxph dv lq Hgolq dqg Uhlfkhovwhlq wkdw wkh edujdlqlqj vkduhv ri wkh sduwlhv duh h{rjhqrxvo| vshfl?hg/ |hw

lq wkhlu prgho wkh sduwlhv gr qrw idfh rxwvlgh rswlrqv dv lv wkh fdvh lq rxu prgho1
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wudlqlqj1 Lq vhfwlrq 8/ L vwxg| wkh frqvhtxhqfhv ri orqj0whup frqwudfwv dqg lqvwlwxwlrqdo duudqjh0

phqwv ryhu wkh ?up lqfhqwlyhv wr sd| iru jhqhudo wudlqlqj1 Lq sduwlfxodu/ L vkrz wkdw d plqlpxp

zdjh odz/ dq xs0ru0rxw frqwudfw dqg wkh srolf| ri dwwdfklqj wkh zdjhv wr mrev pd| lqgxfh wkh ?up

wr surylgh pruh vshfl?f dqg jhqhudo wudlqlqj1 Lq wkh odvw vhfwlrq frqfoxglqj uhpdunv duh suhvhqwhg1

5 Wkh Prgho

L frqvlghu d wzr0shulrg prgho ehwzhhq d ?up +i, dqg d zrunhu +o,/ erwk ri zkrp duh ulvn qhxwudo1

Dw wkh ehjlqqlqj ri shulrg 4/ zklfk lv ylhzhg dv wkh hduo| fduhhu ri wkh zrunhu/ wkh ?up dqg wkh

zrunhu qhjrwldwh d frqwudfw iru wkh vxsso| ri rqh xqlw ri oderu iru hdfk shulrg1 Dw wkh ehjlqqlqj

ri shulrg 4/ wkh zrunhu dqg wkh ?up xqghuwdnh qrq0frqwudfwleoh uhodwlrqvkls vshfl?f lqyhvwphqwv/

ghqrwhg e| v, dqg vs / uhvshfwlyho|/ dqg diwhu revhuylqj wkhvh lqyhvwphqwv wkh ?up ghflghv krz

pxfk wr lqyhvw lq qrq0frqwudfwleoh jhqhudo wudlqlqj/ ghqrwhg e| j1 Dw wkh ehjlqqlqj ri shulrg 5/

surgxfwlylw| vkrfnv/ ghqrwhg e| ì dqg %/ wkdw ghwhuplqhv wkh ydoxh ri wudgh dw w@5 ehwzhhq wkh

lqfxpehqw ?up dqg wkh zrunhu dqg wkh pdunhw dqg wkh zrunhu duh uhdol}hg1 Diwhu wkh surgxfwlylw|

vkrfnv duh uhdol}hg/ wkh sduwlhv pd| wudgh dw wkh frqwudfw zdjh/ ru dowhuqdwlyho|/ wkh| pd| hlwkhu

uhixvh wr wudgh ru frqwudfw wr wudgh zlwk d wklug sduw| lqvwhdg1 Wkh sduwlhv pd| dovr uhqhjrwldwh

wkh whupv ri wkh ruljlqdo frqwudfw/ exw wklv uhtxluhv erwk wr djuhh1 Lq wkh devhqfh ri djuhhphqw/

hlwkhu wkh ruljlqdo frqwudfw uhpdlqv lq sodfh ru wkh djhqwv pd| wudgh zlwk d wklug sduw| lqvwhdg1

Wkh uhqhjrwldwlrq surfhgxuh/ zklfk L glvfxvv ehorz/ lv edvhg rq wkh rxwvlgh rswlrq sulqflsoh irxqg

lq Vkdnhg dqg Vxwwrq +4<;7,1 Wkh rxwsxw +mrlqw vxusoxv, lq shulrg 5 lv ç +v, . y +j, . ì/ zkhuh

â @ +vs > v,> j, = Wkh rxwsxw lq shulrg 4 lv jlyhq e| wkh frqvwdqw y @ y +3,/ zlwk ç +3, @ 3 dqg

y +3, è 3>9 zklfk lv wkh surgxfwlylw| ri wkh zrunhu zkhq wkhuh lv qr lqyhvwphqw lq vshfl?f dqg

jhqhudo wudlqlqj1 Iru wudgh zlwk wklug sduwlhv/ ohw y +j, . % dqg ä è 3 ghqrwh wkh zrunhu*v dqg wkh

?up*v vhfrqg shulrg sd|r>v/ uhvshfwlyho|1

Qrwlfh wkdw jhqhudo dqg vshfl?f wudlqlqj duh qhlwkhu frpsohphqwv qru vxevwlwxwhv lq wkh sur0

9Erog ghqrwhv yhfwruv1

8



gxfwlrq ixqfwlrq dqg wkdw jhqhudo wudlqlqj kdv wkh vdph pdujlqdo surgxfw lqvlgh wkh ?up dv lq

wkh pdunhw> wkdw lv/ j lv frpsohwh jhqhudo lq wkh vhqvh ri Ehfnhu*v +4<97,1 Wklv lv wr hqvxuh wkdw

rxu uhvxowv gr qrw ghshqg rq hlwkhu wkh frpsohphqwdulw| ru vxevwlwxwdelolw| ri jhqhudo dqg vshfl?f

wudlqlqj1

î Dvvxpswlrq 4= +l, Iru doo v 5 ó/ ç +v, lv erxqghg deryh/ F2 dqg vwulfwo| frqfdyh lq v> +ll,

olprð<f çrð +v,$4 dqg olprð<" çrð +v,$ 3 iru l @ i> o> +lll, Iru doo j è 3> y +j, lv erxqghg/

F2/ dqg vwulfwo| frqfdyh> dqg +ly, olp}<f y} +j,$4 dqg olp}<" y +j,$ 31

î Dvvxpswlrq 5= +l, Wkh surgxfwlylw| vkrfn ì lv glvwulexwhg i
û
ì> ì
ú
dqg lv lqghshqghqw ri â>

dqg +ll, wkh surgxfwlylw| vkrfn % lv glvwulexwhg k ^%> %` dqg lv dovr lqghshqghqw ri â1

Ehfdxvh wkh ?up dqg wkh zrunhu duh ulvn qhxwudo dqg lqyhvwphqwv duh phdvxuhg e| wkhlu frvwv/

wkh srwhqwldo vxusoxv ri frqwlqxlqj wkh uhodwlrqvkls diwhu vkrfnv duh uhdol}hg lv zhoo0gh?qhg dqg

jlyhq e|

V +â> ì> %, @ pd{ iç +v, . y +j, . ì> y +j, . %. äj 1 +4,

Iru wkh vdnh ri vlpsolflw|/ L dvvxph iurp qrz rq wkdw ä @ 31:

6 D Ehqfkpdun= Wkh Iluvw Ehvw Rxwfrph

Lq wklv vhfwlrq L ghwhuplqh wkh h!flhqw lqyhvwphqw ohyhov1 Wklv uhtxluhv wkdw iru hyhu| wudlqlqj ohyho

â dqg vwdwhv ì dqg %/ wudgh eh dw dq h!flhqw ohyho> wkdw lv/ vhsdudwlrqv wdnh sodfh li dqg rqo| li

ç +v, . y +j, . ì ? y +j, . %= Jlyhq h!flhqw wudglqj/ wkh h!flhqw lqyhvwphqw ixuwkhu uhtxluhv wkdw â

pd{lpl}hv wkh wrwdo h{shfwhg jdlqv iurp wkh hpsor|phqw uhodwlrqvkls lqghshqghqwo| li d vhsdudwlrq

rffxuv1 Wkdw lv/ â pd{lpl}hv V +â,/ zklfk lv jlyhq e|

H0

+] #

03>Erä
+ç. y . ì, gI +ì, .

] 03>Erä

#
+y . %, gI +ì,

,
ý vs ý v, ý j1

:Wklv dvvxpswlrq lv frqvlvwhqw zlwk d frpshwlwlyh oderu pdunhw vlqfh/ zkhq wkhuh lv qr vshfl?f wudlqlqj wkh ?up

kdv wr sd| d zrunhu klv wrwdo surgxfwlylw|1

9



L dvvxph wkdw V +â, lv vwulfwo| frqfdyh1 Jlyhq dvvxpswlrqv 4 dqg 5/ wklv uhvxowv lq d xqltxh

pd{lpl}hu âW A 31 Xvlqj wkh hqyhorsh wkhruhp/ wkh h!flhqw lqyhvwphqw ohyho/ ghqrwhg e| âW/ lv

ghwhuplqhg e| wkh iroorzlqj ?uvw0rughu frqglwlrqv

çrs +v
W, ^4ýH0I +vW> %,`ý 4 @ 3/

çr, +v
W, ^4ýH0I +vW> %,`ý 4 @ 3/

y} +j
W,ý 4 @ 3/

zkhuh H0I +vW> %, lv wkh suredelolw| wkdw d vhsdudwlrq rffxuv1

Qrwlfh wkdw wkh idfw wkdw j lv frpsohwho| jhqhudo lq wkh vhqvh ri Ehfnhu +4<95, uhvxowv lq wkdw

wkh suredelolw| ri d vhsdudwlrq lv lqghshqghqw ri wkh ohyho ri jhqhudo wudlqlqj1 Wkdw lv/ wkh ?uvw0

rughu frqglwlrq iru jhqhudo wudlqlqj uh hfwv wkdw wkh suredelolw| ri vhsdudwlrq lv lqghshqghqw ri wkh

ohyho ri jhqhudo wudlqlqj1 Qrwlfh/ dovr/ wkdw wkh ?uvw0rughu frqglwlrqv iru wkh uhodwlrqvkls0vshfl?f

lqyhvwphqwv uh hfw wkh idfw wkdw fkdqjhv lq vshfl?f lqyhvwphqwv d>hfw wkh suredelolw| ri d pdwfk

wkurxjk vwdwhv dw zklfk wkh jdlqv iurp pdwfklqj duh h{dfwo| rxwzhljk e| wkh jdlqv iurp vhsdudwlrq

dqg wkh vshfl?f lqyhvwphqw h!flhqw ohyhov duh lqghshqghqw ri wkh lqyhvwphqw lq jhqhudo wudlqlqj1

7 Jhqhudo Wudlqlqj zlwkrxw Iulfwlrqv

714 Pdlq Uhvxowv

Lq wklv vhfwlrq lw lv dvvxphg wkdw qr orqj0whup frqwudfwv duh zulwwhq dqg wkdw wkh oderu pdunhw lv

shuihfwo| frpshwlwlyh> wkdw lv/ wkhuh lv qr iulfwlrqv ri dq| nlqg1 Wklv lv wkh vdph hqylurqphqw lq

zklfk Ehfnhu +4<95, ghulyhg klv idprxv uhvxow wkdw wkhuh lv qr ?up vsrqvruhg jhqhudo wudlqlqj1 Lq

wklv fdvh wkh zdjh lv ghwhuplqhg e| h{0srvw qhjrwldwlrq/ zklfk wdnhv sodfh uljkw diwhu xqfhuwdlqw| lv

uhdol}hg1 Ehfdxvh wkhuh lv frpsohwh lqirupdwlrq/ wklv elgglqj surfhvv hqvxuhv wkdw wudgh lv h!flhqw1

:



Wr vhh wkdw/ frqvlghu/ ?uvw/ wkh fdvh lq zklfk ç +v,.y +j,.ì ? y +j,.%1 Wkhq zkdw lv jhqhudwhg e|

frqwlqxlqj wkh uhodwlrqvkls lv ohvv wkdq zkdw fdq eh jhqhudwhg li ?up dqg wkh zrunhu euhdn dsduw/

wkxv wkhuh lv qr zd| wr glylgh wkh vxusoxv vr wkdw erwk/ wkh ?up dqg wkh zrunhu suhihu/ dw ohdvw

zhdno|/ wr frqwlqxh wkh uhodwlrqvkls1 Frqvlghu qh{w wkh fdvh lq zklfk ç +v,.y +j,.ì è y +j,.%1 Lq

wklv fdvh/ frqwlqxlqj wkh uhodwlrqvkls jhqhudwhv pruh wkdq vhsdudwlqj rxw/ khqfh/ jlyhq wkdw wkhuh

lv ixoo lqirupdwlrq lw lv srvvleoh wr uhglvwulexwh wkh jdlqv iurp wkh uhodwlrqvkls lq d zd| wkdw erwk/

wkh ?up dqg wkh zrunhu suhihu wr frqwlqxh wkh uhodwlrqvkls1 Khqfh/ lw iroorzv iurp wklv dqg wkh

rxwvlgh rswlrq sulqflsoh +vhh/ iru lqvwdqfh/ Vkdnhg dqg Vxwwrq/ 4<;7, wkdw wkh sd|r>v dulvlqj iurp

uhqhjrwldwlrq duh jlyhq e| ++4ý ò, ^ç +v, . y +j, . ì` > ò ^ç +v, . y +j, . ì`, li ì è E�3käñE}än0
k ýç +v,

dqg +ç +v, . ì ý %> y +j, . %, rwkhuzlvh/ zkhuh ò lv wkh zrunhu*v edujdlqlqj srzhu dqg wkh ?uvw

hqwu| fruuhvsrqgv wr wkh ?up*v sd|r> dqg wkh vhfrqg wr wkh zrunhu*v sd|r>1; Qrwlfh wkdw d zrunhu

uhfhlyhv dw ohdvw klv rxwvlgh rswlrq dqg wkdw wkh ?up vrphwlphv vkduh sduw ri wkh uhwxuq wr jhqhudo

wudlqlqj zlwk wkh zrunhu1

Jlyhq wklv wkh ?up*v shulrg05 h{shfwhg sd|r>/ ghqrwhg e| Xrs +â,/ lv
<

H0

+] #

E�3käñn0
k

3>
+4ý ò, +ç. y . ì, gI +ì, .

] E�3käñn0
k

3>

03>
+ç. ì ý %, gI +ì,

,
>

zkloh wkh zrunhu*v shulrg05 h{shfwhg sd|r>/ ghqrwhg e| Xr, +â,/ lv

H0

+] #

E�3käñn0
k

3>
ò +!. ì, gI +ì, .

] E�3käñn0
k

3>

#
+y . %, gI +ì,

,
1

;Zh kdyh dvvxphg wkdw wkh rxwvlgh rswlrqv gr qrw zrun dv wkuhdw srlqwv edvhg rq wkh dujxphqwv lq Elqpruh

hw1 do1 +4<;7,1 Wkh rxwvlgh rswlrq fdq zrun dv wkuhdw srlqw rqo| zkhq hlwkhu sduw| fdq wdnh klv rxwvlgh rswlrq iru

rqh edujdlqlqj urxqg dqg frph edfn wr nhhs edujdlqlqj diwhu wkdw shulrg1 Ixuwkhupruh/ wkh sduwlhv kdyh wr eh sdlg

h{dfwo| wkhlu rxwvlgh rswlrqv gxulqj wkdw shulrg lq rughu wr kdyh rxwvlgh rswlrqv wr zrun dv wkuhdw srlqwv1 Lq wkh

fdvh lq zklfk wkh sd|phqw wkdw wkh sduwlhv uhfhlyh gxulqj wkh shulrg ri vxvshqghg edujdlqlqj duh gl>huhqw iurp wkh

rxwvlgh rswlrqv/ rxu uhvxowv dssolhg xqghu d Qdvk edujdlqlqj vroxwlrq1 Khqfh/ L dvvxph iru wkh vdnh ri vlpsolflw| wkdw

wkh ghidxow sd|r>v wkh sduwlhv uhfhlyh zkloh wkh| frqwlqxh edujdlqlqj duh erwk htxdo wr 31
<Zh rplw wkh dujxphqwv wr ghfuhdvh wkh qrwdwlrqdo exughq1

;



Dvvxplqj wkdw wkh vhfrqg0rughu0frqglwlrqv duh vdwlv?hg/ wkh rswlpdo lqyhvwphqw xqghu vsrw0

frqwudfwlqj/ ghqrwhg e| âr @
í
vrs > v

r
, > j

r
ì
/ lv ghwhuplqhg e| wkh iroorzlqj ?uvw0rughu frqglwlrqv

çrs ^4ýH0I +%ý ç,`ý òçrs
é
4ýH0I

ë
+4ý ò, y . %

ò
ý ç

êè
ý 4 @ 3/ +5,

y} ý y}
é
ò. +4ý ò,H0I

ë
+4ý ò, y . %

ò
ý ç

êè
ý 4 @ 3/ +6,

òçr,

k
4ýH0I

í
E�3käñn0

k ý ç
ìl
.

y}
Y}
Yr,

k
ò. +4ý ò,H0I

í
E�3käñn0

k ý ç
ìl
ý 4 @ 31

+7,

Qrwlfh wkdw pdujlqdo uhwxuq rq vs xqghu vsrw frqwudfwlqj lv orzhu wkdq wkh pdujlqdo uhwxuq lq

wkh h!flhqw fdvh e| wkh vhfrqg whup lq wkh ?uvw0rughu frqglwlrq iru vs 1 Wklv whup dulvhv ehfdxvh

wkhuh lv d srvlwlyh suredelolw|/ jlyhq e| 4ý H0I
í
E�3käñn0

k ý ç
ì
/ wkdw wkh zrunhu*v rxwvlgh rswlrq

lv qrq0elqglqj1 Lq wklv fdvh wkh ?up kdv wr vkduh wkh pdujlqdo uhwxuq ri klv lqyhvwphqw zlwk wkh

zrunhu dffruglqj wr lwv edujdlqlqj srzhu> l1h1/ 4ýò1 Wkh ?uvw0rughu frqglwlrq iru j uh hfwv wkh idfw

wkdw wkh ?up fdswxuhv 4ý ò ri wkh pdujlqdo uhwxuq rq jhqhudo wudlqlqj zkhq wkh zrunhu*v rxwvlgh

rswlrq lv qrq0elqglqj/ zkloh zkhq lv elqglqj/ wkh ?up sd|v wkh zrunhu klv rxwvlgh rswlrq1 Wklv odvw

fdvh fruuhvsrqgv wr Ehfnhu*v Kxpdq fdslwdo prgho1 Qrwlfh dovr wkdw wkh ?uvw0rughu frqglwlrqv iru

vs dqg j duh qrw d>hfwhg e| wkh idfw wkdw jhqhudo wudlqlqj lv fkrvhq diwhu wkh vshfl?f lqyhvwphqwv

duh pdgh dqg revhuyhg e| erwk sduwlhv1 Zkhuhdv wkh ?uvw0rughu frqglwlrq iru v, lv d>hfwhg e| wkh

dvvxpswlrq wkdw jhqhudo wudlqlqj lv ghod|hg1

Wkh ?uvw whup lq 7/ zklfk lv lqghshqghqw ri zkhwkhu jhqhudo wudlqlqj lv ghod|hg ru qrw/ uh hfwv

wkh idfw wkdw wkh zrunhu fdswxuhv rqo| d iudfwlrq ò ri wkh pdujlqdo uhwxuq rq v, zkhq wkh zrunhu*v

rxwvlgh rswlrq lv qrq0elqglqj dqg fdswxuhv qrwklqj zkhq lwv elqglqj ehfdxvh klv rxwvlgh rswlrq

lv lqghshqghqw ri wkh lqyhvwphqw lq vshfl?f wudlqlqj1 Wkh vhfrqg whup dulvhv ehfdxvh ri ghod|hg

jhqhudo wudlqlqj> wkdw lv/ li jhqhudo wudlqlqj zhuh fkrvhq vlpxowdqhrxvo| zlwk v wkh vhfrqg whup

zloo eh }hur1 Qrwlfh wkdw wkh h>hfw ri wklv vhfrqg whup rq wkh zrunhu*v lqfhqwlyhv wr lqyhvw lq

<



vshfl?f wudlqlqj ghshqgv h{foxvlyho| rq wkh vljq ri Y}
Yr,

1 Khqfh/ li jhqhudo dqg vshfl?f wudlqlqj duh

vwudwhjlf frpsohphqwv +vxevwlwxwhv,/ wkhq ghod|hg jhqhudo wudlqlqj surylghv wkh zrunhu zlwk pruh

+ohvv, lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj wkdq vlpxowdqhrxvo| fkrvhq jhqhudo wudlqlqj1 Wkhq lw

lv fuxfldo wr xqghuvwdqg wkh ehqh?wv ri ghod|hg jhqhudo wudlqlqj wr ?qg rxw xqghu zkdw frqglwlrqv

jhqhudo dqg vshfl?f wudlqlqj duh vwudwhjlf frpsohphqwv1

Iruwxqdwho|/ lw uhdglo| iroorzv iurp wkh ?up*v ?uvw0rughu frqglwlrq iru jhqhudo wudlqlqj wkdw

jhqhudo dqg vshfl?f wudlqlqj duh dozd|v vwudwhjlf frpsohphqwv hyhq wkrxjk wkh| duh qhlwkhu frp0

sohphqwv qru vxevwlwxwhv lq wkh surgxfwlrq ixqfwlrq1 Wkh uhdvrq ehlqj wkdw xqghu vsrw frqwudfwlqj

wkh zrunhu dqg wkh ?up zloo vkduh wkh vxusoxv zlwk srvlwlyh suredelolw| dqg wkh suredelolw| wkdw

wkh vxusoxv vkdulqj rxwfrph dulvhv lv lqfuhdvlqj lq vð iru l @ i> o1 Wklv ohdgv wr wkh iroorzlqj yhu|

fuxfldo uhvxow1

Sursrvlwlrq 4 Vxssrvh d frpshwlwlyh oderu pdunhw zlwk qr iulfwlrqv1 Wkhq/ jhqhudo dqg vshfl?f

wudlqlqj duh vwudwhjlf frpsohphqwv1

surri=
YLrs Ejä

Y}Yrð
@ y}çrðH0i

í
E�3käñn0

k ý ç
ì
A 3 iru doo v dqg j1

Wklv uhvxowv lpsolhv wkdw wkh suhvhqfh ri jhqhudo wudlqlqj kdv wzr h>hfwv rq wkh lqfhqwlyhv

wr xqghuwdnh vshfl?f lqyhvwphqwv1 Rqh wkdw lqfuhdvhv wkh ?up*v lqfhqwlyhv wr lqyhvw lq vshfl?f

wudlqlqj dqg wkdw lv lqghshqghqw ri zkhwkhu jhqhudo wudlqlqj lv ghod|hg ru qrw/ dqg dqrwkhu rqh

wkdw lqfuhdvhv wkh zrunhu*v lqfhqwlyhv wr lqyhvw/ zklfk lv wkh uhvxow ri ghod|hg jhqhudo wudlqlqj1 Wr

ehwwhu xqghuvwdqg wkh ?uvw h>hfw/ vxssrvh/ iru vlpsolflw|/ wkdw wkh ?up fdqqrw ru grhv qrw lqyhvw lq

jhqhudo wudlqlqj dqg wkdw ç +v,. y +3,.ì è y +3,. %1 Lq wklv fdvh vxusoxv vkdulqj dozd|v rffxu dqg

wkh ?up dqg wkh zrunhu vkduh wkh ehqh?wv ri wkhlu vshfl?f lqyhvwphqwv/ dqg wkxv/ wkh ?up kdv dq

lqfhqwlyh wr xqghulqyhvw1 Vxssrvh qh{w wkdw wkh ?up fdq frpplw wr lqyhvw lq jhqhudo wudlqlqj/ wkhq

wkhuh lv d vhw ri vwdwhv xqghu zklfk ç +v,. y +j,. ì è y +j,. % dqg ò +ç +v, . y +j, . ì, ? y +j,. %1

Wklv lpsolhv wkdw wkhuh lv d vhw ri vwdwhv xqghu zklfk wkh ?up*v sd|r> lv jlyhq e| ç +v, . ì ý %1

Khqfh/ wkh ?up/ lq wkrvh vwdwhv/ zloo jhw ixoo pdujlqdo uhwxuq rq klv lqyhvwphqw surylglqj wkh ?up

zlwk lqfhqwlyhv wr lqyhvw dw wkh h!flhqw ohyho1
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Wkdw ghod|hg jhqhudo wudlqlqj lqgxfhv wkh zrunhu wr lqyhvw pruh lq vshfl?f wudlqlqj iroorzv

iurp wkdw d odujhu lqyhvwphqw lq vshfl?f wudlqlqj e| wkh zrunhu/ uhvxowv lq d odujhu suredelolw| wkdw

wkh vxusoxv vkdulqj rxwfrph dulvhv1 Wklv lpsolhv wkdw wkh ?up kdv pruh lqfhqwlyhv wr lqyhvw lq

jhqhudo wudlqlqj dqg wkhuhiruh/ wkh zrunhu fdq hqvxuh d odujhu vhfrqg shulrg zdjh1 Zkloh wkhvh wzr

h>hfwv wrjhwkhu pd| lqgxfh wkh ?up dqg wkh zrunhu wr lqyhvw pruh lq vshfl?f wudlqlqj/ wkh| duh qrw

srzhuixo hqrxjk wr ryhufrph wkh sduwlhv lqfhqwlyhv wr xqghulqyhvw uhodwlyh wr wkh h!flhqw ohyhov1

Khqfh/ wkh sduwlhv qhyhu xqghuwdnh wkh h!flhqw lqyhvwphqw ohyhov1 Wkh iroorzlqj sursrvlwlrq wkhq

iroorzv1

Sursrvlwlrq 5 Vxssrvh d frpshwlwlyh oderu pdunhw zlwk qr iulfwlrqv1 Wkhq/ +l, li wkh vshfl?f

lqyhvwphqwv duh vwudwhjlf frpsohphqwv/ vrs ? v
W
s > v, ? v

W
, dqg 3 ? j

r ? jW> zkloh li wkh| duh vwudwhjlf

vxevwlwxwhv/ vrs ? v
W
s / v, W vW, dqg 3 ? jr ? jW> dqg +ll, vhsdudwlrqv duh dozd|v h!flhqw1

Vr idu/ L kdyh vkrzq wkdw +l, wkh ?up lqyhvwv lq jhqhudo wudlqlqj/ exw dw vxe0rswlpdo ohyho> dqg

+ll, zkloh wkh zrunhu pd| ryhulqyhvw lq vshfl?f wudlqlqj/ wkh ?up dozd|v xqghulqyhvw lq vshfl?f

wudlqlqj1 Wkxv wkh pdunhw qhyhu surylghv zlwk lqfhqwlyhv srzhuixo hqrxjk wr lqgxfh erwk/ wkh ?up

dqg wkh zrunhu wr xqghuwdnh wkh h!flhqw lqyhvwphqwv ohyhov1

Qrwlfh wkdw L kdyh vkrzq/ vr idu/ wkdw wkh ?up surylghv wkh zrunhu zlwk jhqhudo wudlqlqj/ |hw

wklv grhv qrw phdq wkdw wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj ehfdxvh wkh ?up pd| uhfrxs wkh

lqyhvwphqw frvwv/ dv lq Ehfnhu/ lq wkh ?uvw shulrg e| phdq ri d orzhu ?uvw0shulrg zdjh1 Khqfh/ lw lv

fuxfldo wr vwxg| zkhwkhu wkh ?up zloo orzhu wkh ?uvw0shulrg zdjh hqrxjk wr uhfrxs lwv lqyhvwphqw

lq jhqhudo wudlqlqj1

Xqghu vsrw frqwudfwlqj ?upv frpshwh iru zrunhuv lq d Ehuwudqg0olnh idvklrq lq wkh ?uvw shulrg/

zlwk wkh nqrzq uhvxow wkdw lq htxloleulxp ?upv kdyh }hur h{shfwhg sur?wv1 Khqfh/ ?uvw0shulrg zdjh

lv jlyhq e|

z� @ çy . Xs +â
r,ý jr ý vrs è çy1

Wkh odvw lqhtxdolw| iroorzv iurp wkh idfw wkdw wkh ?up fdq dozd|v hqvxuh d sd|r> ri dw ohdvw
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}hur e| lqyhvwlqj }hur dqg klulqj dq xqwudlqhg zrunhu ru forvlqj grzq1 Khqfh/ wkh iroorzlqj uhvxowv

rewdlqv1

Sursrvlwlrq 6 Vxssrvh d frpshwlwlyh oderu pdunhw zlwk qr iulfwlrqv1 Wkhq/ +l, wkhuh lv ?up0

vsrqvruhg jhqhudo wudlqlqj> dqg +ll, wkh ?up dqg wkh zrunhu vkduh wkh frvwv dqg ehqh?wv ri vshfl?f

wudlqlqj1

Wkh ?uvw uhvxow lq wklv sursrvlwlrq lv fuxfldo vlqfh lw lv lq vwdun frqwudvw wr Ehfnhu*v Kxpdq Fds0

lwdo Wkhru| dqg Dfhprjox*v dqg Slvkfnh*v +4<<;/4<<<, uhvxowv wkdw ?up0vsrqvruhg jhqhudo wudlqlqj

dulvhv li dqg rqo| li wkhuh lv pdunhw iulfwlrqv1 Rxu uhvxowv vkrzv wkdw lq d frpshwlwlyh oderu pdunhw

zlwk qr iulfwlrqv dqg zkhuh jhqhudo dqg vshfl?f wudlqlqj duh qhlwkhu frpsohphqwv qru vxevwlwxwhv/

?upv sd| iru jhqhudo wudlqlqj1 Khqfh/ dv wkh hylghqfh vkrzv +vhh/ iru lqvwdqfh/ Elvkrs +4<<9,/

Orzhvwhlq dqg Vsohw}hu +4<<;,/ Dfhprjox dqg Slvfknh +4<<;,, ?up0vsrqvruhg jhqhudo wudlqlqj lv

wkh qrup udwkhu wkdq wkh h{fhswlrq1

Zkdw pdnhv rxu uhvxow gl>huhqw iurp Ehfnhu*v dqg Dfhprjox dqg Slvfknh*v uhvxowv lv wkdw

jhqhudo dqg vshfl?f wudlqlqj duh vwudwhjlf frpsohphqwv hyhq wkrxjk wkh| duh qhlwkhu frpsohphqwv

qru vxevwlwxwhv lq wkh surgxfwlrq ixqfwlrq1

715 Vrph Uhpdunv

L kdyh/ vr idu/ dvvxphg wkdw jhqhudo wudlqlqj lv ghod|hg dqg vkrzq wkdw ghod|hg jhqhudo wudlqlqj

lpsuryhv zrunhu lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj1 Wklv pd| vhhp dq dg0krf dvvxpswlrq/ exw

lw fdq eh vkrzq wkdw wkhuh duh frqglwlrqv xqghu zklfk ghod|hg jhqhudo wudlqlqj lv zhoiduh hqkdqflqj1

Ixuwkhupruh/ wkh rqo| sdshu wkdw L duh dzduh r> wkdw vwxg| wkh wlplqj ri lqyhvwphqw lq jhqhudo

wudlqlqj/ Orhzhqvwhlq dqg Vsohw}hu +4<<:,/ ?qg wkdw ghod|hg irupdo wudlqlqj vhhpv wr eh wkh qrup

udwkhu wkdq wkh h{fhswlrq1

Ehiruh grlqj vr ohw gh?qh V +âr, dv Xrs +â, . X
r
, +â, ý j ý vs ý v,= Wkhq wkh iroorzlqj uhvxow

rewdlqv1
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Sursrvlwlrq 7 Vxssrvh wkdw Xrs +â,ýjývs lv vxshuprgxodu1 Wkhq/ xqghu ghod|hg jhqhudo wudlqlqj/

V +âr, lv odujhu wkdq zkhq jhqhudo dqg vshfl?f wudlqlqj duh fkrvhq vlpxowdqhrxvo|1

Surri= Lw uhdglo| iroorzv iurp wkhruhp : lq Plojurp dqg Urehuwv +4<<3,1

Wkh lqwxlwlrq fdq eh hdvlo| judvs iurp ?jxuhv 4/ 5 dqg 61 Iurp ?jxuh 6/ L fdq vhh wkdw zkhq

wkh h{shfwhg sd|r> ixqfwlrqv duh erwk vxeprgxodu/ wkh uhdfwlrq ixqfwlrqv duh grzqzdug vorslqj/

dqg wkxv zhoiduh pd| ghfuhdvh ehfdxvh wkh ?up*v lqyhvwphqw lq vshfl?f wudlqlqj pd| eh orzhu wkdq

zkhq wudlqlqj lv fkrvhq vlpxowdqhrxvo|1 Zkloh li wkh ?up*v h{shfwhg sd|r> ixqfwlrq lv vxshuprgxodu

+?jxuhv 4 dqg 5,/ wkhq wkh ?up*v uhdfwlrq ixqfwlrq lv xszdug vorslqj1 Ehfdxvh wkh zrunhu*v uhdfwlrq

ixqfwlrq lv odujhu lq wkh suhvhqfh ri ghod|hg jhqhudo wudlqlqj dqg jhqhudo dqg vshfl?f wudlqlqj duh

vwudwhjlf frpsohphqwv/ wkhq wkh htxloleulxp lqyhvwphqw ohyho duh odujhu lq wkh suhvhqfh ri ghod|hg

jhqhudo wudlqlqj1 Khqfh/ zhoiduh lv odujhu xqghu ghod|hg jhqhudo wudlqlqj1

L kdyh dovr dvvxphg wkdw rqo| wkh ?up lqyhvwv lq jhqhudo wudlqlqj1 Khqfh/ lw lv qdwxudo wr dvn

krz rxu uhvxowv fkdqjh li L doorz wkh zrunhu wr lqyhvw lq jhqhudo wudlqlqj1 Li L dvvxphg wkdw wkh

zrunhu ghflvlrq lv ghod|hg wrr/ wkhq wkh zrunhu*v lqyhvwphqw lq jhqhudo wudlqlqj lv jlyhq e| wkh

iroorzlqj ?uvw0rughu frqglwlrq

y}^ò. +4ý ò,H0I
ë
+4ý ò, y . %

ò
ý ç

ê
`ý 4 @ 3= +8,

Lw uhdglo| iroorzv iurp wklv wkdw iru doo ò ? 4> jr ? jW1 Ixuwkhupruh/ ehfdxvh ri Ehuwudqg0olnh

frpshwlwlrq lq shulrg 4/ wkh ?uvw0shulrg zdjh lv jlyhq e|

z� @ çy . Xs +â
r,ý jr ý vrs ý jr è çy ý jr1

Khqfh/ wkh iroorzlqj uhvxow rewdlqv1

Sursrvlwlrq 8 Li rqo| wkh zrunhu lqyhvwv lq jhqhudo wudlqlqj/ wkhq wkhuh lv ?up0vsrqvruhg jhqhudo

wudlqlqj dqg jr 8 jW1

Ilqdoo| rxu uhvxow vhhpv wr uhvw khdylo| rq wkh suhvhqfh ri vshfl?f lqyhvwphqwv1 Krzhyhu/ zkdw

lv uhdoo| qhhghg iru lw wr krog lv wkdw wkhuh lv d srvlwlyh suredelolw| wkdw wkh vxusoxv vkdulqj rxwfrph
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dulvhv1 Vxssrvh/ wkhq/ wkdw vr@ 3/ li wkh suredelolw| wkdw ì è E�3käñE}än0
k ý ç +3, lv srvlwlyh/ wkhq

wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj1

Sursrvlwlrq 9 Vxssrvh wkdw vrs @ v
r
, @ 3/ li ì è E�3käñE}än0

k iru vrph ì dqg %> wkhq jr A 31

Wklv fruroodu| vkrzv wkdw lq rughu wr kdyh ?up0vsrqvruhg jhqhudo wudlqlqj L rqo| qhhg wkh

h{lvwhqfh ri pdwfk vshfl?f vkrfnv frxsohg zlwk d srvlwlyh zrunhu*v edujdlqlqj srzhu1 \hw/ wkh

frqglwlrqv wr kdyh ?up vsrqvruhg jhqhudo wudlqlqj lq wkh devhqfh ri vshfl?f wudlqlqj duh udwkhu

dg0krf ehfdxvh wkh| ghshqg rq wkh vxssruw ri ì dqg %1

8 Orqj0Whup Frqwudfwv

Xs wr wklv srlqw L kdyh uhvwulfwhg rxu dwwhqwlrq wr dq lqfrpsohwh frqwudfwlqj vhwwlqj lq zklfk qr

orqj0whup frqwudfwv duh doorzhg1 Lq wklv vhfwlrq/ L frqvlghu wkh srvvlelolw| wkdw wkh ?up dqg wkh

zrunhu pd| vljq d orqj whup frqwudfw wr vwxg| wzr lvvxhv= +l, lv wkh ?up0vsrqvruhg jhqhudo wudlqlqj

uhvxow urexvw wr orqj0whup frqwudfwv dv wkh rqh revhuyhg lq uhdo olihB> dqg li vr +ll, Gr wkhvh orqj0whup

frqwudfwv lqfuhdvh ru lqfuhdvh lqyhvwphqw lqfhqwlyhvB

Iru wkh vdnh ri euhylw| dqg vlpsolflw|/ L irfxv khuhdiwhu rq wkh vlpsohu fdvh lq zklfk wkh rxwvlgh

surgxfwlylw| lv qrw d>hfwhg e| dq lglrv|qfudwlf surgxfwlylw| vkrfn> wkdw lv/ wkh zrunhu*v ydoxh lq

wkh pdunhw lv mxvw y +j, =

814 D Il{hg Zdjh Orqj0Whup Frqwudfw

Lq wklv vhfwlrq/ L frqvlghu wkh uroh ri d uhqhjrwldeoh orqj0whup frqwudfw wkdw vshfl?hv ?{hg zdjhv

+z�> z2,1 Dv zlwk vsrw frqwudfwlqj/ ehfdxvh wkhuh lv shuihfw lqirupdwlrq dw wkh wlph ri uhqhjrwldwlrq/

edujdlqlqj lv h!flhqw dqg wkh hpsor|phqw uhodwlrqvkls frqwlqxhv rqo| li lw lv ehqh?fldo iru wkh sduwlhv

lqyroyhg1 Li ç +v, . y +j, . ì ? y +j,/ wkh sduwlhv fdqqrw gr ehwwhu wkdq vhsdudwh dqg wdnh0xs wkhlu

rxwvlgh rssruwxqlwlhv zlwk wkh fruuhvsrqglqj sd|r>v ri 3 dqg y +j,1 Li ç +v, . y +j, . ì ý z2 A 3

dqg z2 è y +j,/ wkhq wkh ?up dqg wkh zrunhu suhihu wudglqj dw wkh ruljlqdo frqwudfw zdjh z2 wr

wdnh wkh rxwvlgh rswlrq ru vlpso| uhixvlqj wr wudgh1 Wkxv/ li rqh sduw| uhixvhv wr uhqhjrwldwh/ wkhq
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wkh rwkhu dozd|v suhihuv wr wudgh udwkhu wkdq wr txlw ru krog0xs h{fkdqjh1 Vlqfh wudgh lv h!flhqw/

uhqhjrwldwlrq fdq dw ehvw rqo| uhglvwulexwh wkh jdlqv iurp uhodwlrqvkls/ frqvhtxhqwo| lw zloo dozd|v

eh lq wkh lqwhuhvwv ri rqh sduw| wr uhixvh wr uhqhjrwldwh1 Li ç +v, . y +j, . ì A y +j,/ exw rqh ri

wkh sduwlhv suhihu hlwkhu qr wr wudgh ru wkh rxwvlgh rswlrq wr wkh fxuuhqw frqwudfw whupv> wkdw lv/

hlwkhu ç +v, . y +j, . ì ý z2 ? 3 ru y +j, A z2/ lw iroorzv iurp wkh rxwvlgh rswlrq sulqflsoh wkdw

wkh sd|r>v dulvlqj iurp uhqhjrwldwlrq duh jlyhq ++4ý ò, ^ç +v, . y +j, . ì` > ò ^ç +v, . y +j, . ì`, li

ì è E�3käñE}än0
k ý ç +v, dqg +ç +v, . ì ý %> y +j, . %, > rwkhuzlvh1

Qrwlfh wkdw wkh nh| gl>huhqfh ehwzhhq d orqj0whup frqwudfw dqg vsrw frqwudfwlqj lv jlyhq e|

wkh fdvh lq zklfk qhlwkhu rxwvlgh rswlrq lv elqglqj1 Lq wklv fdvh/ xqghu vsrw frqwudfwlqj wkh ?up

dqg wkh zrunhu vkduh wkh wrwdo vxusoxv/ zkloh xqghu d orqj0whup frqwudfw wkh ?up*v sd|r> ehfrph

ç +v, . y +j, . ì ý z21 Wkdw lv/ lq wkrvh vwdwhv lq zklfk qhlwkhu rxwvlgh rswlrq elqgv/ wkh ?up

jhwv wkh ixoo pdujlqdo uhwxuq rq lwv lqyhvwphqwv dqg wkh zrunhuv* lqyhvwphqw1 Wkxv/ dssduhqwo| wkh

?up*v lqfhqwlyhv wr lqyhvw lq jhqhudo dqg vshfl?f lqyhvwphqwv lqfuhdvh dqg wkh zrunhu*v lqfhqwlyh

ghfuhdvh1

Qrwlfh ?uvw wkdw d orqj0whup frqwudfw kdv d srwhqwldo ydoxh rqo| li ç +v,.y +j,.ì A z2 è y +j, >

rwkhuzlvh uhqhjrwldwlrq dozd|v wdnhv sodfh dqg wkhuhiruh/ frqwudfwlqj kdv qr ydoxh1 Khqfh/ L zloo

dvvxph wkdw wklv uhvwulfwlrq lv vdwlv?hg1

Jlyhq wklv/ wkh ?up*v shulrg05 h{shfwhg sd|r>/ ghqrwhg e| Xus +â>z2,/ lv] #

ç23>3ñ
+ç. y . ì ý z2, gI +ì, .

L +ò,

%] ç23>3ñ

E�3käñ
k

3>
+4ý ò, +ç. y . ì, gI +ì, .

] E�3käñ
k

3>

3>
+ç. ì, gI +ì,

&
.

+4ý L +ò,,
] ç23>3ñ

3>
+ç. ì, gI +ì, >

zkhuh L +ò, lv dq lqglfdwru ixqfwlrq wkdw wdnhv wkh ydoxh 4 zkhq ò è ñE}ä
ç2

dqg 3> rwkhuzlvh1
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Wkh zrunhu*v shulrg05 h{shfwhg sd|r>/ ghqrwhg e| Xuç +â>z2,/ lv] #

ç23>3ñ
z2gI +ì, .

L +ò,

%] ç23>3ñ

E�3käñ
k

3>
ò +ç. y . ì, gI +ì, .

] E�3käñ
k

3>

#
ygI +ì,

&
.

+4ý L +ò,,
] ç23>3ñ

#
ygI +ì, 1

Qrwlfh wkdw wkh ?up*v dqg zrunhu*v sd|r> kdyh wkuhh frpsrqhqwv1 Wkh ?uvw rqh fruuhvsrqgv

wr wkh fdvh lq zklfk wkh ?up*v rxwvlgh rswlrq qhyhu elqgv/ wkh vhfrqg rqh wr wkh fdvh lq zklfk

lv elqglqj/ exw lv rswlpdo wr frqwlqxh wkh uhodwlrqvkls dqg wkh wklug rqh/ wr wkh fdvh lq zklfk

vhsdudwlrq lv rswlpdo1 Wkh vhfrqg rqh frxog eh frpsrvhg ri hlwkhu rqh ru wzr whupv ghshqglqj

rq wkh zrunhu*v edujdlqlqj srzhu1 Wkh ?uvw ri wkhvh wzr whupv wdnhv sodfh zkhq wkh zrunhu*v

edujdlqlqj srzhu lv vx!flhqwo| odujh> l1h1/ ò è ñ+}u,
ç2

/ vr wkdw zkhq wkh ?up rxwvlgh rswlrq elqgv/

wkhuh lv d srvlwlyh suredelolw| wkdw wkh vxusoxv vkdulqj rxwfrph dulvhv1 Zkhuhdv wkh vhfrqg rffxuv

zkhq ò lv vpdoo hqrxjk vr wkdw wkh vxusoxv vkdulqj rxwfrph |lhogv wkh zrunhu ohvv wkdq klv rxwvlgh

rswlrq1

Wkh ?uvw0rughu frqglwlrqv fdq/ diwhu vrph vlpsoh dojheud/ eh zulwwhq dv

CXrs
Cvs

. çrsP+z2> ò> â,ý 4 @ 3/
CXrs
Cj

. y} +P+z2> ò> â, .Q+z2> ò> â,,ý 4 @ 3/
CXrç
Cv,

ý çr,P+z2> ò,ý y}
Cj

Cv,
+P+z2> ò> â, .Q+z2> ò> â,,ý 4 @ 3/

zkhuh

P+z2> ò> â, ì +4ý L +ò,,ò^4ý I
ë
+4ý ò, y

ò
ý ç

ê
` .

L +ò,ò ^4ý I +z2 ý çý y,`ý

i +z2 ý çý y, ^L +ò, +4ý ò,z2 . +4ý L +ò,, +z2 ý y,` >

dqg
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Q+z2> ò> â, ì +4ý L +ò,, ^I
ë
+4ý ò, y

ò
ý ç

ê
ý I +z2 ý çý y,` . L +ò, 3

Wkh ?uvw txhvwlrq L dwwhpsw wr dqvzhu lv zkhwkhu ?up0vsrqvruhg jhqhudo wudlqlqj lv d>hfwhg

srvlwlyho| ru qhjdwlyho| e| d orqj0whup frqwudfw1 Li L irfxv rxu dwwhqwlrq rq wkh ?uvw0rughu frqglwlrq

iru jhqhudo wudlqlqj/ L vhh fohduo| wkdw li P+z2> ò> â, .Q+z2> ò> â, è 3 zkhq hydoxdwhg dw â @ âr>

wkhq wkh dprxqw ri wudlqlqj xqghu d orqj0whup frqwudfw/ ghqrwhg e| ju è jr1 Zkloh liP+z2> ò> â,.

Q+z2> ò> â, ? 3 zkhq hydoxdwhg dw â @ âr/ ju ? jr1

Qrwlfh wkdw/ dv xqghu vsrw frqwudfwlqj/ jhqhudo dqg vshfl?f wudlqlqj duh vwudwhjlf frpsohphqwv143

Khqfh/ xqghu d frqwudfw lq zklfk P+z2> ò> â, A 3 dqg P+z2> ò> â, . Q+z2> ò> â, è 3/ wkh ?up*v

lqfhqwlyhv wr lqyhvw lq jhqhudo dqg vshfl?f wudlqlqj lpsuryh xsrq wkh pdunhw/ zkloh wkh zrunhu*v

lqfhqwlyh zruvhqv1 Zkloh wkh rssrvlwh rffxuv zkhqP+z2> ò> â, ? 3 dqgP+z2> ò> â,.Q+z2> ò> â, ?

3144 Qrwlfh dovr wkdw Q+z2> ò> â, lv dozd|v srvlwlyh/ vr P+z2> ò> â, .Q+z2> ò> â, ? 3 li dqg rqo| li

P+z2> ò> â, ? 3= Wklv lpsolhv wkdw wkhuh lv qr htxloleulxp xqghu zklfk ?up*v lqfhqwlyhv wr lqyhvw

lq jhqhudo dqg vshfl?f wudlqlqj lqfuhdvh dqg wkh zrunhu*v lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj

dovr lqfuhdvh1

Lq wkh qh{w ohppd L ?qg frqglwlrqv xqghu zklfk d orqj whup frqwudfw lpsuryhv wkh ?up*v

lqfhqwlyh wr lqyhvw lq jhqhudo wudlqlqj1

43Wklv uhvxow grhv qrw krog dozd|v zkhq wkh rxwvlgh surgxfwlylw| lv udqgrp/ exw lw krogv lq wkdw fdvh xqghu idluo|

jhqhudo frqglwlrqv1
44Fkh dqg Kdxvfk +4<<<, vkrz wkdw li wkh vhoohu*v +?up, dqg ex|hu*v +zrunhu, sd|r>v duh vxshuprgxodu/ wkhq wkhuh

lv d qrq0hpsw| vhw ri k*v xqghu zklfk frqwudfwlqj kdv qr ydoxh1 Wkdw lv/ vsrw frqwudfwlqj surylghv dv pxfk zhoiduh

dv dq| rwkhu jhqhudo frqwudfw1 Wklv uhvxowv grhv qrw krog lq rxu vhwwlqj hyhq li zh dvvxph wkdw Y}
Yrz

' fé Wkh uhdvrq

ehlqj wkdw li �Eçckä : f/ wkh ?up kdv ehwwhu lqfhqwlyhv xqghu d orqj0whup frqwudfw wkdq xqghu vsrw frqwudfwlqj/

zkloh wkh zrunhu kdv ohvv lqfhqwlyhv1 Zkhuhdv/ li �Eçckä ÷ f/ wkh rssrvlwh rffxuv1 Khqfh/ lw lv qhyhu wkh fdvh wkdw

erwk/ wkh ?up dqg wkh zrunhu kdyh ohvv lqfhqwlyhv wr lqyhvw lq vshf?f wudlqlqj xqghu d orqj0whup frqwudfw1 Wkdw lv/

wkh vhw dkcko gh?qhg e| Fkh dqg Kdxvk/ zkhq dgrswhg wr rxu vhwwlqj/ lv hpsw|1 Ixuwkhupruh/ li Y}
Yrz

õ' f/ wkhq rxu

vhwwlqj gl>huv iurp wkhluv lq wkdw zh kdyh d vhtxhqwldo vhwwlqj wkdw d>hfwv wkh zrunhu*v lqfhqwlyhv wr lqyhvw1
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Ohppd : +l, Vxssrvh wkdw ò è ñ+}u,
ç2

1 Wkhq/ li 4ý I +z2 ý çý y,ý ç2Eç23ñä
ñ i +z2 ý çý y, ? 3/

wkhuh h{lvwv dq ò> ghqrwhg e| �ò> vxfk P+z2> ò> â, .Q+z2> ò> â, è 3 iru doo ò 5 ^ñ+}
u,

ç2
> �ò,> dqg +ll,

vxssrvh wkdw ò ?
ñ+}u,
ç2

/ wkhq P+z2> ò> â, .Q+z2> ò> â, è 3 iru doo ò 5 ^3> aò,=

Wkh lqwxlwlrq lv dv iroorzv zkhq ò lv vpdoo dq lqfuhdvh lq j lqfuhdvhv wkh suredelolw| wkdw wkh

rxwvlgh rswlrq lv elqglqj pruh wkdq lqfuhdvhv wkh suredelolw| wkdw wkh ?up*v rxwvlgh rswlrq lv qrq0

elqglqj1 Ehfdxvh zkhq wkh rxwvlgh rswlrq lv elqglqj wkh ?up fdswxuhv qr vkduh ri wkh uhwxuq rq

jhqhudo wudlqlqj/ wkh lqfhqwlyhv wr lqyhvw lq jhqhudo wudlqlqj ghfuhdvh1 Khqfh/ orqj0whup frqwudfwv

pd|/ xqghu fhuwdlq frqglwlrqv/ ghfuhdvh wkh ?up*v lqfhqwlyhv wr lqyhvw lq jhqhudo wudlqlqj surylghg

e| wkh pdunhw dorqh1

Jlyhq wkhvh gh?qlwlrqv wkh iroorzlqj fdq eh vkrzq145

Sursrvlwlrq ; +l, Wkhuh lv qr orqj0whup frqwudfw wkdw lpsohphqwv h!flhqw lqyhvwphqw ohyhov lq

wudlqlqj> +ll, wkhuh lv qr orqj0whup frqwudfw xqghu zklfk erwk/ wkh ?up dqg wkh zrunhu kdyh ehwwhu lq0

fhqwlyhv wr lqyhvw lq wudlqlqj ryhu vsrw0frqwudfwlqj> +lll, li vu è vr dqg P+z2> ò> â,.Q+z2> ò> â, A

3/ wkhq ju A jr/ zkloh li vu 8 vr dqg P+z2> ò> â, .Q+z2> ò> â, 8 3/ wkhq ju 8 jr1

Wklv sursrvlwlrq pdnhv fohdu wkdw wkhuh lv qr frqwudfw wkdw fdq lpsohphqw wkh h!flhqw lqyhvw0

phqw ohyho lq vshfl?f dqg jhqhudo wudlqlqj dqg wkdw lq vrph fdvhv d orqj0whup frqwudfw pd| lqgxfh

wkh ?up wr lqyhvw ohvv lq jhqhudo wudlqlqj dqg vrphwlphv wr lqyhvw pruh lq jhqhudo wudlqlqj1 Ixu0

wkhupruh/ lw lv qhyhu wkh fdvh wkdw orqj0whup frqwudfwv fdq surylgh wkh ?up dqg wkh zrunhu dw wkh

vdph wlph zlwk ehwwhu lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj wkdq d iulfwlrqohvv pdunhw grhv1 Wklv

lv/ edvlfdoo|/ gxh wr frrshudwlyh qdwxuh ri vshfl?f wudlqlqj1

Wr vhh wkdw wklv lv wuxh/ L zloo dvvxph lq wkh qh{w sursrvlwlrq wkdw wkh zrunhu*v h!flhqw lq0

yhvwphqw lv hlwkhu }hur ru wkh zrunhu fdq frpplw wr lqyhvw vWs ru wkh zrunhu lqyhvwv lq vshfl?f vhoi

lqyhvwphqwv dqg vkrz wkdw xqghu fhuwdlq frqglwlrqv/ wkhuh lv d orqj0whup frqwudfw wkdw lqgxfhv wkh

?up wr lqyhvw dw wkh h!flhqw ohyho lq vshfl?f dqg jhqhudo wudlqlqj1

45Vlplodu uhvxowv rewdlqv li euhdfk shqdowlhv duh doorzhg1
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Sursrvlwlrq < Vxssrvh wkdw Xus
ý
vW> ju> z2

ü è 3> ! ývW> juü. ì A y ýjuü dqg hlwkhu v, @ 3 ru wkh
zrunhu fdq frpplw wr lqyhvw v, @ vW, ru v, grhv qrw d>hfw wkh mrlqw vxusoxv1 Wkhq +l, wkhuh h{lvwv

d orqj0whup frqwudfw zlwk !
ý
vW> ju

ü
. ì A z2 è y

ý
ju
ü
> vxfk wkdw wkh ?up*v rswlpdo lqyhvwphqw lv

vus @ v
W
s dqg j

u ? jW li ò A ñE}Wä
ç2

dqg ju @ jW li ò 8 ñE}Wä
ç2
1

Wkh lqwxlwlrq iru wklv uhvxowv iroorzv iurp wkh idfw wkdw xqghu wkh dvvxpswlrqv pdgh/ wkhuh lv qr

uhqhjrwldwlrq lq htxloleulxp dqg wkxv/ wkh ?up lv wkh ixoo uhvlgxdo fodlpdqw ri wkh uhwxuq wr vshfl?f

dqg jhqhudo wudlqlqj1

Vr idu L kdyh vkrzq wkdw xqghu d orqj0whup frqwudfw ju V jr/ exw L kdyh qrw vkrzq |hw wkdw

wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj1 Frpshwlwlrq lq wkh ?uvw shulrg hqvxuhv wkdw

z� @ çy . X
u
s

ý
âu
üý ju ý vus è çy=

Wklv lqhtxdolw| krogv ehfdxvh wkh ?up fdq dozd|v hqvxuh lwvhoi d sd|r> htxdo wr }hur e| uhixvlqj

wr wudgh dqg lqyhvwlqj }hur ru e| klulqj dq xqwudlqhg zrunhu1 Wklv uhvxowv lq wkdw z� è çy1 Khqfh/

wkh zrunhu*v ?uvw shulrg zdjh lv odujhu wkdq wkh zdjh wkdw kh zrxog kdyh rewdlqhg zhuh kh ehduv

wkh ixoo frvw ri klv vshfl?f dqg jhqhudo wudlqlqj1 Wklv ohdgv xv wr wkh iroorzlqj uhvxow1

Sursrvlwlrq 43 Xqghu d orqj0whup frqwudfw wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj zkhqhyhu

ju A 31

Lq wkh qh{w vhfwlrq/ L vwxg| zkhwkhu gl>huhqw frqwudfwxdo surylvlrqv pd| surylgh ehwwhu lqfhqwlyh

wr xqghuwdnh jhqhudo dqg vshfl?f lqyhvwphqwv1 Li wkh frpsohphqwdulw| ehwzhhq jhqhudo dqg vshfl?f

wudlqlqj krogv xqghu rwkhu frqwudfwxdo surylvlrqv wkdw lqgxfh pruh lqyhvwphqw lq vshfl?f wudlqlqj/

L fdq vkrz wkdw wkh vdph surylvlrqv pd| uhvxow lq pruh ?up0vsrqvruhg jhqhudo wudlqlqj1 Wklv lv

wkh lvvxh L vwxg| lq wkh qh{w vhfwlrq1

815 Orqj0Whup Frqwudfwv Zlwk Zdjh Iorruv

Wkh lpsrvvlelolw| ri lqfuhdvlqj wkh sduwlhv lqfhqwlyhv wr lqyhvw xqghu orqj0whup frqwudfwv lv gxh/

sduwldoo|/ wr wkh frrshudwlyh qdwxuh ri lqyhvwphqwv dqg wkdw uhqhjrwldwlrq dozd|v wdnhv sodfh= Wkdw

4<



lv/ wkhuh duh dozd|v vwdwhv xqghu zklfk hlwkhu wkh ?up ru wkh zrunhu ru erwk kdyh wr vkduh wkh

uhwxuqv wr wkhlu lqyhvwphqw zlwk hdfk rwkhu1 Wklv ohdg xv wr vwxg| wkh srvvleoh vdihjxdugv wkdw

frpprqo| revhuyhg frqwudfwxdo surylvlrqv fdq surylgh wr doohyldwh wkh lqfhqwlyhv wr xqghu0lqyhvw1 Lq

rxu ylhz rqh wkh pdlq frqwulexwlrqv ri vrph frqwudfwxdo surylvlrqv lv wkh srvvlelolw| ri frpplwphqw

wr fhuwdlq dfwlrqv e| hlwkhu sduw|1 Lq sduwlfxodu/ L frqvlghu wkuhh frpprqo| revhuyhg lqvwlwxwlrqdo

duudqjhphqwv wkdw kdyh dv d frpprq idfwru wkdw wkh| suhfoxgh wkh ?up iurp uhqhjrwldwlqj wkh

zdjh grzqzdugv/ exw qrw qhfhvvdulo| xszdugv1 Wkhvh duh= +l, plqlpxp zdjhv/ +ll, xs0ru0rxw uxohv

dv wkh rqh xvhg lq dfdghplf pdunhwv dqg odz ?upv> dqg +lll, wkh srolf| ri dwwdfklqj zdjhv wr mrev

dv xvhg iru lqvwdqfh lq sxeolf vhfwru mrev1

81514 D Plqlpxp Zdjh Frqwudfwxdo Surylvlrq

Lq wklv vhfwlrq L zloo frqvlghu wkh lpsrvlwlrq ri d plqlpxp zdjh wkdw lv elqglqj1 Wkdw lv d plqlpxp

zdjh/ ghqrwhg e| z/ wkdw lv deryh wkh zrunhu*v rxwvlgh rswlrq> l1h1/ z A y +j,146

Lw lv zhoo nqrzq vlqfh Urvhq +4<:5, wkdw wkh lpsrvlwlrq ri d plqlpxp zdjh lq Ehfnhu*v kxpdq

fdslwdo prgho fdqqrw ohdg wr dq lqfuhdvh lq jhqhudo wudlqlqj1 Wkh uhdvrq ehlqj vwudljkwiruzdug=

ehfdxvh zrunhuv sd| iru wudlqlqj wkurxjk orzhu zdjhv/ d plqlpxp zdjh pd| suhyhqw wkh ?up iurp

orzhulqj wkh zdjh hqrxjk gxulqj wkh ?uvw shulrg1 Wklv lv/ iru lqvwdqfh/ wkh udwlrqdoh iru lqwurgxflqj

d 3wudlqlqj vxeplqlpd4 lq pdq| uhfhqw X1V1 plqlpxp zdjh odzv1 Lq wklv vhfwlrq L vkrz wkdw d

plqlpxp zdjh fdq kdyh wkh rssrvlwh h>hfw> wkdw lv/ lw fdq lpsuryh ?up*v lqfhqwlyhv wr lqyhvw lq

jhqhudo dqg vshfl?f wudlqlqj1

Xqghu d plqlpxp zdjh z wkh ?up*v vhfrqg shulrg h{shfwhg sd|r> lv

X6s +â>z, @

] #

ç3>3D
+ç. æ . ì ý z, gI +ì, / +9,

zkloh wkh zrunhu*v h{shfwhg sd|r> lv

X6ç +â>z, @

] #

ç3>3D
zgI +ì, = +:,

46Qrwlfh wkdw li wkh plqlpxp zdjh lv ehorz ñ E}ä/ wkhq wkh pdunhw ehkdyhv dv dq vsrw frqwudfwlqj pdunhw dqg wkh

plqlpxp lpsrvhv qr frqvwudlqw lq wkh zdjh vhwwlqj surfhvv1
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Qrwlfh wkdw zkhq wkh ?up qhhgv wr orzhu wkh zdjh ehfdxvh lw idfhv d orz surgxfwlylw| vkrfn/

wkh ?up fdqqrw gr vr ehfdxvh wkh plqlpxp zdjh odz lpshghv wr grzqzdug uhqhjrwldwh wkh zdjh

dv h!flhqf| uhtxluhv1 Khqfh/ wkh ?up kdv wr ?uh wkh zrunhu/ fuhdwlqj xqhpsor|phqw147

Wkh ?uvw0rughu frqglwlrqv duh wkhq jlyhq e|
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4ý I

í
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ò
k
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ì
ý I +z ý çý æ,

r
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YLrçEjä
Yr,

. çr,

q
zi +z ý çý æ,ý ò

k
4ý I

í
E�3käñ
k ý ç

ìlr
.

y}
Y}6

Yr,

q
zi +z ý çý æ,ý

k
ò. +4ý ò,I

í
E�3käñ
k ý ç

ìlr
ý 4 @ 3=

+43,

Lw uhdglo| iroorzv iurp wkh ?up*v ?uvw0rughu frqglwlrqv wkdw wkh ?up*v lqfhqwlyh wr lqyhvw lq

vshfl?f dqg jhqhudo wudlqlqj duh odujhu xqghu d plqlpxp zdjh wkdq xqghu wkh vsrw pdunhw zkhq

P +ò>z, ì ò
k
4ý I

í
E�3käñ
k ý ç

ìl
. I +ýç, ý I +z ý çý æ, è 3= Wklv whup lv wkh uhvxow ri wkh

frpelqdwlrq ri wzr h>hfwv> rqh srvlwlyh wkdw lqfuhdvhv wkh ?up*v uhwxuq rq vshfl?f wudlqlqj dqg rqh

qhjdwlyh wkdw orzhuv lw1 Wkh srvlwlyh h>hfw dulvhv ehfdxvh wkhuh lv d srvlwlyh suredelolw| wkdw wkh

plqlpxp zdjh lv qrw elqglqj iru wkh ?up/ dqg wkhuhiruh/ d srvlwlyh suredelolw| wkdw wkh ?up lv wkh

ixoo uhvlgxdo fodlpdqw1 Wkh qhjdwlyh h>hfw dulvhv ehfdxvh wkhuh duh vwdwhv xqghu zklfk lw lv rswlpdo

wr uhqhjrwldwh wkh zdjh grzqzdugv/ exw wkh plqlpxp zdjh odz grhv qrw doorzv lw/ dqg wkhuhiruh/

d vhsdudwlrq rffxuv pruh riwhq wkdq lw vkrxog eh1 Ilqdoo|/ qrwlfh wkdw jhqhudo dqg vshfl?f wudlqlqj

duh vwudwhjlf frpsohphqwv148

Ohppd 44 Wkhuh h{lvwv d zdjh �z vxfk wkdw P +ò>z> â, è 3 iru doo z 8 �z1

47 Li ?upv duh khwhurjhqhrxv/ d plqlpxp zdjh dovr jhqhudwhv xqhpsor|phqw ehfdxvh wkhuh duh vrph ?upv wkdw

zlwkrxw d plqlpxp zdjh zrxog eh zloolqj wr kluh zrunhuv lq shulrg 4/ zkloh xqghu d plqlpxp zdjh odz wkh| duh

qrw zloolqj wr gr vr1
48Wklv uhdglo| iroorzv iurp gl>huhqwldwlqj wkh ?up*v ?uvw0rughu frqglwlrq iru jhqhudo wudlqlqj1
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Wklv uhvxowv uhdglo| iroorzv iurp wkh frqwlqxlw| riP +ò>z> â, dqg wkh idfw wkdwP +ò>z> â m z @ y +j6,, A

3= Khqfh/ wkh iroorzlqj uhvxow rewdlqv1

Sursrvlwlrq 45 Vxssrvh wkdw X6ç +â>z, dqg X6s +â>z, duh vxshuprgxodu1 Wkhq/ +l, li zi +z ý çý æ,ýk
ò. +4ý ò,I

í
E�3käñ
k ý ç

ìl
è 3 iru vrph z 8 �z/ â6 è âr>49 dqg +ll, wkh zrunhu uhpdlqv zlwk

wkh fxuuhqw hpsor|hu zlwk suredelolw| 4ý I +z ý çý æ,> wkdw lv/ vhsdudwlrqv duh lqh!flhqwo| kljk1

Wklv sursrvlwlrq vkrzv wkdw li vshfl?f lqyhvwphqwv duh vwudwhjlf frpsohphqwv wkhq d plqlpxp

zdjh odz lqgxfhv wkh ?up dqg wkh zrunhu wr wudlq pruh wkdq xqghu vsrw frqwudfwlqj1 Wkdw lv/

frqwudu| wr Ehfnhu*v kxpdq fdslwdo wkhru|/ d plqlpxp zdjh odz uhvxowv lq pruh vshfl?f dqg jhqhudo

wudlqlqj uhodwlyh wr d frpshwlwlyh oderu pdunhw1 D fuxfldo gl>huhqfh/ krzhyhu/ zlwk vsrw frqwudfwlqj

lv wkdw xqghu d plqlpxp zdjh odz vrph zrunhuv hqg0xs xqhpsor|hg1 Khqfh/ d plqlpxp zdjh

surshuo| fkrvhq lqfuhdvhv wrwdo wudlqlqj/ exw lw fuhdwhv xqhpsor|phqw dqg wkhuhiruh/ wrwdo zhoiduh

pd| hlwkhu lqfuhdvh ru ghfuhdvh14:

Dv ehiruh wkh idfw wkdw wkh ?up lqyhvw lq jhqhudo wudlqlqj grhv qrw phdqv wkdw wkhuh lv ?up0

vsrqvruhg jhqhudo wudlqlqj1 Qrwlfh/ krzhyhu/ wkdw d zrunhu jhwv sdlg dw ohdvw wkh plqlpxp zdjh/

zklfk lv odujhu wkdq y +j6, A y= Wklv uhvxowv lq wkdw wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj dqg

wkdw wkh ?up dqg wkh zrunhu vkduh wkh frvwv dqg ehqh?wv ri jhqhudo wudlqlqj1 Khqfh/ wkh iroorzlqj

uhvxowv rewdlq1

Sursrvlwlrq 46 Ehfdxvh z� A y/ wkhuh lv ?up vsrqvruhg0jhqhudo wudlqlqj1

Jlyhq wkdw rxu prgho suhglfwv wkdw lq fhuwdlq fdvhv plqlpxp zdjh odzv pd| lqfuhdvh jhqhudo

dqg vshfl?f wudlqlqj/ lw lv xvhixo wr wdnh d orrn wr wkh hpslulfdo hylghqfh1 Wkh plfur hylghqfh lv

pl{hg> wkh vwxglhv hlwkhu ?qg d qhjdwlyh h>hfw ru qr h>hfw1 Wklv vxjjhvwv wkdw plqlpxp zdjhv

pd| dovr eh lqgxflqj ?up0vsrqvruhg wudlqlqj dv lpsolhg e| rxu wkhru| +vhh/ Dfhprjox dqg Slvfknh/

5333/ iru hylghqfh dqg vlplodu uhvxow,1

49Iru lqvwdqfh/ lq wkh fdvh ri d xqlirup glvwulexwlrq li > Et6än E2k3�ä
k

ñ E}6ä : f/ wkhuh lv d zdjh vxfk wkdw j6 D jr1
4:Qrwlfh wkdw d plqlpxp zdjh odz frxsohg zlwk d xqhpsor|phqw lqvxudqfh pd| eh kdupixo ehfdxvh lw ghfuhdvhv

wkh zrunhu*v lqfhqwlyh wr lqyhvw lq vshfl?f wudlqlqj1 Wkh uhdvrq ehlqj wkdw wkh frvw ri ehlqj xqhpsor|hg lv vpdoohu

zlwk xqhpsor|phqw lqvxudqfh1

55



81515 Xs0ru0Rxw Frqwudfwv

Ndkq dqg Kxehupdq +4<;;, vkrz wkdw xs0ru0rxw frqwudfwv fdq khos wr vroyh wkh grxeoh prudo

kd}dug sureohp wkdw dulvhv zkhq wkh zrunhu kdv wr lqyhvw lq vshfl?f wudlqlqj dqg wkh lqyhvwphqw lv

xqrevhuydeoh1 Zdogpdq +4<<3,/ vkrzv dovr wkdw wkh vdph sureohp dulvhv xqghu jhqhudo wudlqlqj dqg

wkdw xs0ru0rxw frqwudfwv fdq dovr khos wr vroyh wkh xqghulqyhvwphqw sureohp lq jhqhudo wudlqlqj

zkhq wkhuh lv dv|pphwulf lqirupdwlrq1 Lq wklv vhfwlrq/ L vkrz wkdw dq xs0ru0rxw pd| surylgh/

wkh ?up dqg wkh zrunhu zlwk pruh lqfhqwlyhv wr lqyhvw lq vshfl?f dqg jhqhudo wudlqlqj1 Rq wkh

grzqvlgh/ dv lq wkh plqlpxp zdjh fdvh vhsdudwlrqv duh lqh!flhqwo| kljk/ exw lq wklv fdvh wkhuh lv

qr xqhpsor|phqw1 Wkh lqh!flhqw vhsdudwlrqv dulvhv ehfdxvh h{0srvw wkh zdjh fdqqrw eh grzqzdug

uhqhjrwldwhg1

Vxssrvh wkh ?up frpplwv wr sd| d zdjh zo è y +jo, wr d uhwdlqhg zrunhu1 Khqfh/ lw lv rswlpdo

wr uhwdlq d zrunhu li dqg rqo| li ç. æ . ì ý zo è 3= Wkdw lv/ d uhwhqwlrq wdnhv sodfh li dqg rqo| li

ì è zo ý çý æ= Wklv lpsolhv wkdw wkh ?up*v vhfrqg shulrg h{shfwhg sd|r>/ ghqrwhg e| Xos +â>zo,/

lv htxdo wr wkh h{shfwhg sd|r> xqghu d plqlpxp zdjh exw iru zo lqvwhdg ri z> wkdw lv/ Xos +â>zo,

lv htxdo wr htxdwlrq 91

Zkhuhdv d zrunhu*v h{shfwhg sd|r>/ ghqrwhg e| Xoç +â>zo,/ lv jlyhq e|] #

ç3>3D
zogI +ì, .

] ç3>3D

#
y +j, gI +ì, 1

Khqfh/ wkh ?up*v ?uvw0rughu frqglwlrqv duh wkh vdph dv wkh rqhv xqghu d plqlpxp zdjh> wkdw

lv/ htxdwlrqv ; dqg </ zkhuhdv wkh zrunhu*v ?uvw0rughu frqglwlrq lv gl>huhqw iurp 43 gxh wr wkdw d

qrq0uhwdlqhg zrunhu lq wklv fdvh fdq ?qg d mre h{0srvw wkdw sd|v klp klv pdujlqdo surgxfw1 Khqfh/

wkh zrunhu*v ?uvw rughu frqglwlrq lv jlyhq e|
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Khqfh/ wkh qh{w sursrvlwlrq iroorzv iurp ohppd 44 dqg wkh zrunhu*v ?uvw0rughu frqglwlrq1
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Sursrvlwlrq 47 Vxssrvh wkdw X6ç +â>zo, dqg X
6
s +â>zo, duh vxshuprgxodu1 Wkhq/ li hlwkhu ò è

ñE}oä
ço

+zo ý y, i +zo ý çý æ,ý ò
k
4ý I

í
E�3käñ
k ý ç

ìl
è 3 iru vrph zo 8 �z ru ò ? ñE}oä

ço
dqg

+zo ý y, i +zo ý çý æ,ý
k
ò. +4ý ò,I

í
E�3käñ
k ý ç

ìl
è 3 iru vrph zo 8 �z/ âo è âr> dqg +lll, wkh

zrunhu uhpdlqv zlwk wkh fxuuhqw hpsor|hu zlwk suredelolw| 4ý I +zo ý çý æ,> wkdw lv/ vhsdudwlrqv

duh lqh!flhqwo| kljk1

Wkh lqwxlwlrq lv wkh vdph dv wkh rqh xqghu d plqlpxp zdjh/ wkh gl>huhqfh vwdqgv iru wkh idfw

wkdw d qrq0uhwdlqhg zrunhu ?qgv d mre wkdw sd|v d srvlwlyh zdjh/ zkloh xqghu d plqlpxp zdjh d

qrq0uhwdlqhg zrunhu jrhv wr wkh xqhpsor|phqw srro1 Wklv/ rq wkh rqh kdqg/ ghfuhdvhv wkh zrunhu*v

lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj vlqfh wkh orvv ri qrw ehlqj uhwdlqhg lv vpdoohu/ rq wkh rwkhu

kdqg/ lw lqfuhdvhv klv lqfhqwlyhv wr lqyhvw ehfdxvh ri wkh frpsohphqwdulw| ehwzhhq jhqhudo dqg

vshfl?f wudlqlqj1

Vr idu/ L kdyh vkrzq wkdw xqghu dq xs0ru0rxw frqwudfw wkh ?up lqyhvwv lq jhqhudo dqg vshfl?f

wudlqlqj/ exw L kdyh qrw vkrzq |hw wkdw wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj1 Dv ehiruh Ehuwudqg0

olnh frpshwlwlrq hqvxuhv wkdw wkh zrunhu jhwv sdlg

z� @ çy . X
o
s +â

r,ý jo ý vos è çy1

Khqfh/ wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj1

Sursrvlwlrq 48 Ehfdxvh z� A y/ wkhuh lv ?up vsrqvruhg0jhqhudo wudlqlqj dqg wkh ?up dqg wkh

zrunhu vkduh wkh uhwxuqv wr vshfl?f wudlqlqj1

81516 Surprwlrqv= Dwwdfklqj Zdjhv wr Mrev

Lw lv nqrzq vlqfh Suhqghujdvw +4<<6, wkdw wkh sudfwlfh nqrz dv dwwdfklqj zdjhv wr mrev surylghv

lqfhqwlyhv wr lqyhvw lq vshfl?f wudlqlqj zkhq d zrunhu fdq eh surprwhg wr d mre lq zklfk wkh pdujlqdo

surgxfw ri vshfl?f wudlqlqj lv odujhu1 Wkh uhdvrq ehlqj wkdw gl>huhqfhv lq surgxfwlylw| doorz wkh

?up wr frpplw wr sd| d kljkhu zdjh lq wkh mre zkhuh vshfl?f wudlqlqj lv odujhu1 Wklv soxv wkh idfw

wkdw wkh surprwlrq suredelolw| lqfuhdvhv zlwk vshfl?f wudlqlqj uhvxowv lq odujhu zrunhu*v lqfhqwlyhv
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wr dftxluh vshfl?f wudlqlqj1 Zkdw lv nh| lq Suhqghujdvw*v uhvxow lv wkdw wkh ?up fdq frpplw wr sd|

d kljkhu zdjh lq wkh surprwlrq mre/ khuh L vkrz wkdw d zrunhu fdq/ xqghu fhuwdlq frqglwlrqv/ eh

lqgxfhg wr dftxluh wkh h!flhqw ohyho ri vshfl?f wudlqlqj zkhq wudlqlqj lv pruh surgxfwlyh lq wkh

surprwlrq mre1 Khuh/ L xvh wkh vdph orjlf wr vkrz wkdw zkhq jhqhudo wudlqlqj lv pruh surgxfwlyh

lq wkh surprwlrq mre/ wkh ?up dqg wkh zrunhu pd| kdyh pruh lqfhqwlyhv wr lqyhvw lq vshfl?f dqg

jhqhudo wudlqlqj1

L dvvxph wkdw wkhuh duh wzr mrev/ d kdug mre +k, dqg dq hdv| mre +h,> wkh pdujlqdo surgxfwlylw|

ri vshfl?f wudlqlqj lv dw ohdvw dv odujh lq wkh kdug mre> wkdw lv/ çûrð +v, è çerð +v,/ l @ i>z/ iru doo

v è 3 dqg wkh pdujlqdo surgxfwlylw| ri jhqhudo wudlqlqj lv dovr dw ohdvw dv odujh lq wkh kdug mre> l1h1/

yû} +j, è ye} +j, iru doo j è 31 Lw lv dovr dvvxphg wkdw iru â @ 3/ çe +3,.ye +3, A çû +3,.yû +3,> wkdw

lv/ wkrvh zrunhuv zkr dftxluh pruh wudlqlqj kdyh d frpsdudwlyh dgydqwdjh lq wkh kdug mre dqg lw lv

rswlpdo wr sodfh dq xqwudlqhg zrunhu lq wkh hdv| mre1 Lw lv dovr dvvxphg wkdw wkh ?upv fdq frpplw

wr dwwdfk d zdjh wr hdfk mre dqg ?up fdq ?uh wkh zrunhu dqg wkh zrunhu fdq txlw dw dq| wlph1 Wr

vlpsoli| pdwwhuv L zloo dvvxph wkdw wkh rxwsxw lq wkh hdv| mre lv ghwhuplqlvwlf> wkdw lv/ lw lv htxdo

wr çe +v, . ye +j,/ zkloh wkh rxwsxw lq wkh kdug mre lv çû +v, . yû +j, . ì1 Ilqdoo|/ wkh ?up ghflghv

zkhwkhu wr surprwh d zrunhu ru qrw diwhu lqyhvwphqwv duh xqghuwdnhq dqg vkrfn duh uhdol}hg1

Lw lv hdv| wr vhh wkdw iru dq| jlyhq wudlqlqj ohyho/ â/ wkh ?uvw0ehvw surprwlrq uxoh lv wr surprwh

d zrunhu li dqg rqo| li zkrvh rxwsxw

ì è ý7ç +v,ý7y +j, /

zkhuh 7ç +v, ì çû +v,ý çe +v, dqg 7y +j, ì yû +j,ý ye +j,1

Ohw vxssrvh wkdw wkh ?up frpplwv lq dgydqfh wr sd| d zdjh zû è yû lq wkh kdug mre dqg ze è ye

lq wkh hdv| mre1 Qrwlfh wkdw wkh ?up zrxog olnh vrphwlphv wr uhqhjrwldwh wkh zdjh grzqzdugv/

|hw ehfdxvh wkh ?up frpplwv wr dwwdfk d plqlpxp zdjh wr hdfk mre wkdw lv qrw srvvleoh1 Khqfh/

wkh ?up rqo| fkrlfh h{0srvw/ zkhq d vx!flhqwo| orz surgxfwlylw| vkrfn lv uhdol}hg/ lv hlwkhu wr ohw

wkh zrunhu jr ru qrw wr surprwh klp1 Jlyhq wkdw surprwlrqv duh ghflghg diwhu vkrfnv duh uhdol}hg/

d ?up zloo surprwh d zrunhu li dqg rqo| li çû +v, . yû +j, . ì ý zû è çe +v, . ye +j, ý ze dqg
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çû +v,.yû +j,.ìýzû è 3= Li wklv qrw krog wkh zrunhu uhpdlqv lq wkh hdv| mre li çe +v,.ye +j,ýze è

3> dqg lv ?uhg rwkhuzlvh1 Wklv ohdgv wr dq rswlpdo surprwlrq uxoh/ frqglwlrqdo rq sur?wv ehlqj

srvlwlyh/ zklfk lv wr surprwh d zrunhu zkhq ?up sur?wv duh dw ohdvw dv odujh zkhq d zrunhu lv sodfh

lq wkh kdug mre dv zkhq kh lv sodfhg lq wkh hdv| mre> wkdw lv/ rqo| li

ì è 7z ý7ç +v,ý7y +j, 1

zkhuh 7z ì zû ý ze=

Lw lv zruwkzkloh wr qrwlfh wkdw wkhuh lv lqh!flhqw doorfdwlrq ri zrunhuv wr mrev dv orqj dv7z è 3=

Wkh uhdvrq ehlqj wkdw wkhuh duh lv d vhw ri vwdwhv xqghu zklfk d zrunhu wkdw zrxog kdyh ehhq

surprwhg xqghu dq h!flhqw surprwlrq uxoh/ lv qrw surprwhg xqghu wkh surprwlrq uxoh wkdw frqvlghuv

wkh zdjhv1 Wkh uhdvrq ehlqj vwudljkwiruzdug1 Zdjhv lpsrvh d jds rq gl>huhqfhv lq surgxfwlylw|14;

Khqfh/ wkh surprwlrq uxoh lv wr surprwh li dqg rqo| li

ì è pd{
q
7z ý7ç +v,ý7y +j, > zû ý çû +v,ý yû +j,

r
1

Qrwlfh wkdw 7z ý7ç +v, ý7y +j, è zû ý çû +v, ý yû +j, rqo| zkhq çe +v, . ye +j, ý ze è 3=

Wkxv/ li çe +v, . ye +j, ý ze è 3/ d zrunhu lv surprwhg li dqg rqo| li ì è 7z ý7ç +v, ý7y +j,/

rwkhuzlvh d zrunhu lv surprwhg li dqg rqo| li ì è zû ý çû +v,ý yû +j,1

Jlyhq wklv/ wkh ?up*v shulrg05 h{shfwhg sd|r>/ ghqrwhg e| X@ç
ý
â>zû> ze

ü
/ lv jlyhq e|

L +v,
U #
çû3>û3ñû

ý
çû . yû . ì ý zûü gI +ì,.

+4ý L +v,,
qU #

�ç3�>3�ñ
ý
çû . yû . ì ý zûü. U�ç3�>3�ñ# +çe . ye ý ze,

r
gI +ì, >

zkhuh L +v, lv dq lqglfdwru ixqfwlrq wkdw wdnhv wkh ydoxh 4 zkhq çe +v, . ye +j,ý ze è 3 dqg 3

rwkhuzlvh=

Wkh zrunhu*v shulrg05 h{shfwhg sd|r>/ zklfk lv ghqrwhg e| X@ç
ý
â>zû> ze

ü
/ lv jlyhq e|

L +v,
kU #
çû3>û3ñû z

ûgI +ì, .
U çû3>û3ñû
# yûgI +ì,

l
.

+4ý L +v,,
kU #
�ç3�>3�ñ z

ûgI +ì, .
U�ç3�>3�ñ
# zegI +ì,

l
1

4;Vhh/ iru lqvwdqfh/ Ehuqkdugw dqg Vfrrqhv E�bbHä/ Suhqghujdvw E�bbôä/ Ulfduw0l0Frvwd E�bHHä c dqg Zdogpdq E�bHeä

iru vlplodu uhdvrqv zk| ?upv surprwh wrr ihz zrunhuv1
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Wkh ?up*v ?uvw0rughu frqglwlrqv duh wkhq jlyhq e|

L +v,çûrs
ý
4ý I ýzû ý çû ý yüü.

+4ý L +v,,
k
çûrs ý

í
çûrs ý çers

ì
I +7z ý7çý7y,

l
ý 4 @ 3/

dqg

L +v, yû}
ý
4ý I ýzû ý çý yûüü.

+4ý L +v,, ûyû} ý ýyû} ý ye}üI +7z ý7çý7y,úý 4 @ 3/
zkhuhdv wkh zrunhu*v ?uvw rughu frqglwlrq lv jlyhq e|

L +v,
ý
zû ý yü i ýzû ý çû ý yü íçûr, . y} Y}Yr,ì.

+4ý L +v,, ýçûr, ý çer,ü ýzû ý zeü i +7z ý7çý7y,ý 4 @ 31
Qrwlfh wkdw vshfl?f dqg jhqhudo wudlqlqj duh vwudwhjlf frpsohphqwv1 Ixuwkhupruh/ zkhq L +v, @

4/ wkh ?uvw0rughu frqglwlrqv duh wkh vdph dv wkh rqhv lq wkh xs0ru0rxw uxoh vlqfh lw lv rswlpdo wr

?uh d qrq0surprwhg zrunhu ehfdxvh sur?wv iurp sodflqj klp lq wkh hdv| mre duh qhjdwlyh> wkdw lv/

çe +v,.ye +j,ýze ? 3= Vr/ wkh vdph uhvxowv dsso|1 Wkdw lv/ dwwdfklqj zdjhv wr mre pd| surylgh wkh

?up dqg wkh zrunhu zlwk pruh lqfhqwlyhv wr wudlq wkdq vsrw frqwudfwlqj1 Zkhuhdv zkhq L +v, @ 3>

lw lv rswlpdo wr nhhs d qrq0surprwhg zrunhu lq wkh hdv| mre vlqfh çe +v, . ye +j,ý ze è 31

Qrwlfh wkdw zkhq çe +v, . ye +j, ý ze è 3> li yû} ý ye} @ 3 iru doo j è 3> wkh ?up lqyhvwv dw

wkh h!flhqw ohyho lq jhqhudo wudlqlqj1 Dovr qrwlfh wkdw li hlwkhu çûr, ý çer, @ 3 iru doo v è 3 ru

zû ý ze @ 3> wkh zrunhu kdv qr lqfhqwlyh wr lqyhvw lq vshfl?f wudlqlqj1 Wklv lv h{dfwo| wkh fdvh

vwxglhg e| Suhqghujdvw +4<<6,/ zkhuh kh vkrzv wkdw surprwlrqv lqgxfh vshfl?f wudlqlqj e| wkh

zrunhu li dqg rqo| li vshfl?f wudlqlqj lv pruh surgxfwlyh lq wkh kdug mre1 Ilqdoo|/ qrwlfh wkdw lq

hlwkhu fdvh> wkdw lv/ li hlwkhu yû} ý ye} @ 3 iru doo j è 3 ru çûr, ý çer, @ 3 iru doo v è 3/ wkh ?up dozd|v

kdv lqfhqwlyhv wr lqyhvw d srvlwlyh dprxqw rq vshfl?f wudlqlqj1

Wklv ohdgv xv wr wkh iroorzlqj frqfoxvlrq1
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Sursrvlwlrq 49 Vxssrvh wkdw çe +v@, . ye +j@,ý ze è 31 Wkhq +l, li yû} +j, @ ye} +j, iru doo j è 3

dqg çûrð +v, A çerð +v, iru doo v dqg l @ i> o/ j@ @ jW A jr dqg v@ W vr> +ll, yû} +j, A ye} +j, iru doo

j è 3 dqg çûrð +v, @ çerð +v, iru doo v dqg l @ i> o/ v@, @ 3/ v@s A vrs / dqg j@ W jr> dqg +lll, wkhuh lv

?up vsrqvruhg jhqhudo wudlqlqj dqg wkh ?up dqg wkh zrunhu vkduh wkh frvwv dqg ehqh?wv ri vshfl?f

wudlqlqj1

Khqfh/ wkh srolf| ri dwwdfklqj zdjhv zkhq jhqhudo wudlqlqj lv pruh surgxfwlyh lq wkh kdug mre

pd| lqgxfh pruh ?up0vsrqvruhg jhqhudo wudlqlqj wkdq vsrw frqwudfwlqj1

9 Frqfoxvlrqv

L kdyh vkrzq wkdw ?up vsrqvruhg jhqhudo wudlqlqj lv wkh uxoh udwkhu wkdq wkh h{fhswlrq lq d iulf0

wlrqohvv oderu pdunhw zkhq jhqhudo dqg vshfl?f wudlqlqj duh qhlwkhu frpsohphqwv qru vxevwlwxwhv

dqg wkdw ghod| wkh jhqhudo wudlqlqj lqyhvwphqw ghflvlrq lv zhoiduh hqkdqflqj zkhq wkh sd|r>v duh

vxshuprgxodu1 Lq dgglwlrq/ L vkrz wkdw orqj0whup frqwudfwv pd| lpsuryh lqyhvwphqw lqfhqwlyhv1

Lq idfw/ surshuo| fkrvhq orqj0whup frqwudfwv wkdw kdyh vrph frpplwphqw exlow lqwr pd| lqgxfh

wkh ?up wr surylgh pruh jhqhudo dqg vshfl?f wudlqlqj wkdq vsrw frqwudfwlqj dqg pd| lqgxfh wkh

zrunhu wr xqghuwdnh pruh vshfl?f wudlqlqj1 Khqfh/ wkh prgho vkrzv wkdw Ehfnhu*v kxpdq fdslwdo

lv qrw dozd|v uljkw vlqfh ?upv lq d frpshwlwlyh oderu pdunhw ?qdqfh zrunhu*v jhqhudo wudlqlqj dqg

wkdw Dfhprjox dqg Slvfknh*v wkhru| wkdw iulfwlrqv duh d qhfhvvdu| frqglwlrq iru ?up0vsrqvruhg

jhqhudo wudlqlqj lv qrw fruuhfw1 Khqfh/ rxu prgho surylghv d yhu| jhqhudo h{sodqdwlrq iru wkh zlgho|

dffhswhg idfw wkdw wkhuh lv ?up0vsrqvruhg jhqhudo wudlqlqj1 Ilqdoo|/ pdq| ri wkh frpprqo| revhuyh

frqwudfwxdo surylvlrq wkdw kdyh ehhq mxvwl?hg lq whupv ri surylglqj lqfhqwlyhv wr zrunhuv wr lqyhvw

lq vshfl?f wudlqlqj/ dovr surylgh wkh ?upv zlwk lqfhqwlyhv wr lqyhvw lq jhqhudo dqg vshfl?f wudlqlqj1

Uhihuhqfhv

^4` Dfhprjox/ Gdurq +4<<9,= D Plfurirxqgdwlrq iru Vrfldo Lqfuhdvlqj Uhwxuqv lq Kxpdq Fdslwdo

Dffxpxodwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444+6,/ ::<0;371
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^5` Dfhprjox/ Gdurq dqg Slvfknh/ Mruq0Vwh>hq +4<<;,= Zk| Gr Ilupv WudlqB/ Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 444+6,/ ::<0;371

^6` Dfhprjox/ Gdurq dqg Slvfknh/ Mruq0Vwh>hq +4<<<,= Wkh Vwuxfwxuh ri Zdjhv dqg Lqyhvwphqw

lq Jhqhudo Wudlqlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|1

^7` Dfhprjox/ Gdurq dqg Slvfknh/ Mruq0Vwh>hq +5333,= PlqlpxpZdjhv dqg Rq0wkh0Mre Wudlqlqj/

QEHU zrunlqj sdshu1

^8` Dxwru/ G1/ +5334,= Zk| Gr Whpsrudu| Khos Ilupv Surylgh Iuhh0Jhqhudo Vnloov Wudlqlqj/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ iruwkfrplqj1

^9` Edopdfhgd/ I1 dqg Vhylood/ S1/ +5334, Ilup0Vsrqvruhg Jhqhudo Wudlqlqj= Wkh Dssuhqwlfhvkls

Surjudp lq Fkloh/ Zrunlqj Sdshu/ Lodghv1

^:` Ehfnhu/ Jdu| +4<97,= Kxpdq Fdslwdo1 Qhz \run= Froxpeld Xqlyhuvlw| Suhvv1

^;` Elqpruh/ N1 J1/ Dulho Uxelqvwhlq/ dqg D1 Zrolqvn| +4<;9,= Wkh Qdvk Edujdlqlqj Vroxwlrq lq

Hfrqrplf Prgholqj/ Udqg Mrxuqdo ri Hfrqrplfv/ 4:/ 4:904;;1

^<` Exorz/ Mhuhp| L1/ dqg Odzuhqfh K1 Vxpphuv +4<;9,= D Wkhru| ri Gxdo Oderu Pdunhwv zlwk

Dssolfdwlrq wr Lqgxvwuldo Srolf|/ Glvfulplqdwlrq/ dqg Nh|qhvldq Xqhpsor|phqw/ Mrxuqdo ri

Oderu Hfrqrplfv/ 76+4, 6:90747

^43` Fkh/ \1 dqg Kdxvfk/ G1/ +4<<<, Frrshudwlyh Lqyhvwphqwv dqg wkh Ydoxh ri Frqwudfwlqj/ Dphu0

lfdq Hfrqrplf Uhylhz/ Pdufk/ yro1 ;</ 458047:1

^44` Grz/ Juhjru| N1 +4<<6,= Zk| Fdslwdo Kluhv Oderu= D Edujdlqlqj Shuvshfwlyh/ Dphulfdq

Hfrqrplf Uhylhz/ ;6+o,/ 44;04671

^45` Jurvvpdq/ Vdqirug M1/ dqg Rolyhu G1 Kduw +4<;9,= Wkh Frvwv dqg Ehqh?wv ri Rzq0huvkls= D

Wkhru| ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <7+7,/ 9<40:4<1
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^46` Jurxw/ Sdxo D1 +4<;7,= Lqyhvwphqw dqg Zdjhv lq wkh Devhqfh ri Elqglqj Frqwudfwv= D Qdvk

Edujdlqlqj Dssurdfk/ Hfrqrphwwlfd/ Pdufk/ 85+5,/ 77<07931

^47` Kdoo/ Urehuw H1/ dqg Hgzdug S1 Od}hdu +4<;7,= Wkh H{fhvv Vhqvlwlylw| ri Od|r>v dqg Txlwv wr

Ghpdqg/ Mrxuqdo ri Oderu Hfrqrplfv/ 5+5,/ 566058:1

^48` Kduw/ Rolyhu +4<<8,= Ilupv/ Frqwudfwv/ dqg Ilqdqfldo Vwuxfwxuh/ R{irug= Foduhqgrq Suhvv1

^49` Kduw/ Rolyhu/ dqg Mrkq Prruh +4<<3,= Surshuw| Uljkwv dqg wkh Qdwxuh ri wkh Ilup/ Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <;+9,/ 444<0448;1

^4:` bbbbbbbbbbbbbbbbbbbbbbbb+4<<7,= D Wkhru| ri Ghew Edvhg rq wkh Lqdolhqdelo0

lw| ri Kxpdq Fdslwdo/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ ;740;;31

^4;` Ndkq/ F1 dqg Kxehupdq/ J1 +4<;;,= Wzr Vlghg Xqfhuwdlqw| dqg Xs0ru0rxw Frqwudfwv/ Mrxuqdo

ri Oderu Hfrqrplfv/ YL/ 75607771

^4<` Ndw}/ H1 dqg ]lghupdq/ D1= Lqyhvwphqw lq Jhqhudo Wudlqlqj= Wkh Uroh ri Lqirupdwlrq dqg

Oderu Prelolw|/ Hfrqrplf Mrxuqdo/ 433/ 447:0448;1

^53` Nuxhjhu/ Dodq E1/ dqg Odzuhqfh K1 Vxpphuv +4<;;,= H!flhqf| Zdjhv dqg wkh Lqwhu0Lqgxvwu|

Zdjh Vwuxfwxuh/ Hfrqrphwulfv/ 89/ 58<05<61

^54` Nohlq/ Ehqmdplq/ Urehuw J1 Fudzirug/ dqg Duphq D1 Dofkldq +4<:;,= Yhuwlfdo Lqwhjudwlrq/

Dssursuldeoh Uhqwv/ dqg wkh Frpshwlwlyh Frqwudfwlqj Surfhvv/ Mrxuqdo ri Odz dqg Hfrqrplfv/

Rfwrehu/ 54+5,/ 5<:06591

^55` PdfOhrg/ Z1 Ehqwoh|/ dqg Mdphv P1 Pdofrpvrq +4<<6d,= Vshfl?f Lqyhvwphqwv dqg Zdjh

Sur?ohv lq Oderu Pdunhw Pdunhw/ Hxurshdq Hfrqrplf Uhylhz/ 6:/ 67806871

^56` PdfOhrg/ Z1 Ehqwoh|/ dqg Mdphv P1 Pdofrpvrq +4<<6e,= Lqyhvwphqwv/ Krogxs/ dqg wkh Irup

ri Pdunhw Frqwudfwv/ Hxurshdq Hfrqrplf Uhylhz/ ;6+7,/ ;440;6:1

63



^57` Pdnrzvnl/ Orxlv/ dqg Mrvhsk P1 Rvwur| +4<<8,= Dssursuldwlrq dqg H!flhqf|= D Uhylvlrq ri

wkh Iluvw Wkhruhp ri Zhoiduh Hfrqrplfv/ Dphulfdq Hfrqrplf Uhylhz/ ;8+7, / ;3;0;5:1

^58` Plojurp/ S1/ dqg Urehuwv/ / +4<<3,= Udwlrqdol}lelolw|/ Ohduqlqj dqg dqg Htxloleulxp lq Jdphv

zlwk Vwudwhjlf Frpsohphqwdulwlhv/ Hfrqrphwulfd/ yro1 8; / 4588045:;1

^59` Plojurp/ S1/ dqg Vkdqqrq/ F1/ +4<<7,= Prqrwrqh Frpsdudwlyh Vwdwlfv/ Hfrqrphwulfd/ yro 951

48:04;3/ 1

^5:` P|huvrq/ Urjhu E1/ dqg Pdun D1 Vdwwhuwkzdlwh +4<;6,= H!flhqw Phfkdqlvpv iru Elodwhudo

Wudglqj/ Mrxuqdo ri Hfrqrplf Wkhru|/ 5;/ 59805;41

^5;` Qroghnh/ J1 dqg Vfkplgw N1P1 +4<<<,/ Vhtxhqwldo Lqyhvwphqwv dqg Rswlrqv wr Rzq1 Udqg

Mrxuqdo ri Hfrqrplfv

^5<` Qruwk/ Grxjodvv F1/ dqg Eduu| U1 Zhlqjdvw +4<;<,= Frqvwlwxwlrqv dqg Frpplwphqw= Wkh

Hyroxwlrq ri Lqvwlwxwlrqv Jryhuqlqj Sxeolf Fkrlfh lq Vhyhqwhhqwk0Fhqwxu| Hqj0odqg/ Mrxuqdo

ri Hfrqrplf Klvwru|/ [OL[+7,/ 58705;61

^63` Suhqghujdvw/ F1 +4<<5, Wkh Uroh ri Surprwlrqv lq Lqgxflqj Kxpdq Fdslwdo Dftxlvlwlrq/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ 444+6,/ 85608671

^64` Udph|/ Jduh|/ dqg Mrho Zdwvrq +4<<9,= Elodwhudo Wudgh dqg Rssruwxqlvp lq d Pdwfklqj

Pdunhw/ XF Vdq Glhjr Hfrqrplfv Glvfxvvlrq Sdshu <903;/ Pdufk1

^65` Urelqvrq/ Mdphv D1 +4<<8,= Lqfrpsohwh Frqwudfwlqj/ Fdslwdo Dffxpxodwlrq/ dqg Oderu Pdunhw

Lqvwlwxwlrqv / w|shvfulsw/ Ghfhpehu1+4<<9,

^66` Urvhqehuj/ Qdwkdq +4<98,= Dgdp Vplwk rq wkh Glylvlrq ri Oderxu= Wzr Ylhzv ru RqhB

Hfrqrplfv/ 65+ Pd|,/ 45:046<1

^67` Vkdnhg/ D1/ dqg M1 Vxwwrq +4<;7,= Lqyroxqwdu| Xqhpsor|phqw dv Shuihfw Htxloleulxp lq d

Edujdlqlqj Prgho/ Hfrqrphwulfv/ 85/ 4684046971
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^68` Vkohlihu/ Dqguhl/ dqg Urehuw Z1 Ylvkq| +4<<8,= D Vxuyh| ri Frusrudwh Jryhuqdqfh/ Kduydug

Lqvwlwxwh ri Hfrqrplf Uhvhdufk/ Glvfxvvlrq Sdshu Qr1 4:74/ Rfwrehu1

^69` Wrsho/ Urehuw +4<<3,= Vshfl?f Fdslwdo dqg Xqhpsor|phqw= Phdvxulqj wkh Frvwv dqg Frqvh0

txhqfhv ri Mre Orvv/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 66/ 4;405471

^6:` Zdogpdq/ P/ +4<<3,= Xs0ru0rxw Frqwudfwv= D vljqdolqj Shuvshfwlyh Mrxuqdo ri Oderu Hfr0

qrplfv/ yro1 YLLL/ qr 51 56305841

^6;` Zlooldpvrq/ Rolyhu H/ +4<:<,= Wudqvdfwlrq0Frvw Hfrqrplfv= Wkh Jryhuqdqfh ri Frqwudfwxdo

Uhodwlrqv/ Mrxuqdo ri Odz dqg Hfrqrplfv/ Rfwrehu/ 55 +5,/ 56605941

^6<` bbbbbbbbbbbbbbbb+4<;8,= Wkh Hfrqrplf Lqvwlwxwlrqv ri Fdslwdolvp/ Qhz \run= Iuhh

Suhvv1

^73` bbbbbbbbbbbbbbbb +4<;;,= Frusrudwh Ilqdqfh dqg Frusrudwh Jryhuqdqfh/ Mrxuqdo

ri Ilqdqfh/ [OLLL+6,/ 89:08<41
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Surri ri Sursrvlwlrq ;= Lw uhdglo| iroorzv iurp wkh ?uvw0rughu frqglwlrqv dqg vxshuprgxodulw|

+vhh/ Plojurp dqg Urehuwv +4<<3,,1

Surri ri Sursrvlwlrq <= Lw uhdglo| iroorzv iurp wkh ?uvw0rughu frqglwlrqv dqg vxshuprgxodulw|

+vhh/ Plojurp dqg Urehuwv +4<<3,,1

Surri ri Sursrvlwlrq 45= Lw uhdglo| iroorzv iurp wkh ?uvw0rughu frqglwlrqv dqg vxshuprgx0

odulw| +vhh/ Plojurp dqg Urehuwv +4<<3,,1

Surri ri Sursrvlwlrq 47= Lw uhdglo| iroorzv iurp wkh ?uvw0rughu frqglwlrqv dqg vxshuprgx0

odulw| +vhh/ Plojurp dqg Urehuwv +4<<3,,1

Surri ri Sursrvlwlrq 49= Lw uhdglo| iroorzv iurp wkh ?uvw0rughu frqglwlrqv/ exw iru jhqhudo

wudlqlqj lq fdvh +ll,1 Lw uhdglo| iroorzv iurp çûrð +v, @ ç
e
rð +v, wkdw j lv ghwhuplqhg e| wkh iroorzlqj

?uvw0rughu frqglwlrq
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