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Oderu hfrqrplvwv ylhz lqgxvwuldo uhodwlrqv dv vkdshg e| wkh frq lfw eh0
wzhhq zrunhuv dqg pdqdjhphqw1 Ilqdqfldo hfrqrplvwv ylhz frusrudwh jryhuqdqfh
dv wkh rxwfrph ri wkh glyhujlqj lqwhuhvwv ri vkduhkroghuv dqg pdqdjhphqw1 Dfwx0
doo|/ wkhvh wzr frq lfwv duh suhvhqw vlpxowdqhrxvo| dqg lqwhudfw1 Zh vkrz wkdw wkh
frq lfw lq frusrudwh jryhuqdqfh/ zkhq sduwlfxoduo| dfxwh/ fdq vriwhq wkh fodvk lq
lqgxvwuldo uhodwlrqv1 Pdqdjhuv zkr sodfh d juhdw ydoxh rq frqwuro dqg rzq rqo| d
vpdoo htxlw| vwdnh kdyh dq lqfhqwlyh wr sd| kljk zdjhv/ dqg qrw wr prqlwru zrunhuv
wrr vwulfwo|1 Qrq0frqwuroolqj vkduhkroghuv duh wkrvh zkr ehdu prvw ri wkh frvwv ri
vxfk dq hpsor|phqw srolf|1�

Rqh zrxog h{shfw wkh pdunhw iru frusrudwh frqwuro wr suhyhqw vxfk pdqdjhuldo
ehkdylru1 Lq idfw/ wklv lv qrw wkh fdvh1 Lqfxpehqw pdqdjhuv kdyh dq lqwhuhvw lq
d jhqhurxv hpsor|phqw srolf| suhflvho| wr ghihqg djdlqvw krvwloh wdnhryhuv1 Wkhuh
duh wzr glvwlqfw exw frpsohphqwdu| uhdvrqv1 Iluvw/ orqj0whup hpsor|phqw frqwudfwv
h�hfwlyho| wudqvirup hpsor|hhv lqwr d �vkdun uhshoohqw�= wkh lqdelolw| wr uhqhjrwldwh
wkhlu zdjhv pdnhv wkh �up xqdwwudfwlyh wr udlghuv1 Vhfrqg/ wr wkh h{whqw wkdw wkh|
duh qrw surwhfwhg e| orqj0whup frqwudfwv djdlqvw wkh ulvn ri d zdjh fxw e| wkh udlghu/
hpsor|hhv zloo dfw dv �zklwh vtxluhv�=2 wr surwhfw wkhlu kljk vdodulhv/ wkh| zloo �jkw
krvwloh wdnhryhuv e| oree|lqj dqg ghprqvwudwlqj djdlqvw wkh udlghu dqg/ li wkh| rzq
vkduhv lq wkh frpsdq|/ zloo yrwh djdlqvw wkh wdnhryhu1 Erwk wkhvh lpsolflw dqwl0
wdnhryhu ghihqvhv duh dydlodeoh hyhq zkhq h{solflw ghihqvhv duh iruelgghq ru olplwhg
e| wkh odz1

Wkh lghd wkdw zrunhuv dqg lqfxpehqw pdqdjhuv duh qdwxudo doolhv djdlqvw qrq0
frqwuroolqj vkduhkroghuv dqg srwhqwldo udlghuv +wkh vkduhkroghuv* rzq qdwxudo doo|, zdv
vwuhvvhg e| Khoozlj +5333,1 Kh dujxhg wkdw wklv �qdwxudo dooldqfh� dfwxdoo| h{whqgv
eh|rqg pdqdjhu0zrunhu uhodwlrqv/ srlqwlqj rxw wkdw �Lqfxpehqw pdqdjhuv zkr wu|
wr exwwuhvv wkhlu srvlwlrqv zloo uhjxoduo| �qg doolhv lq wkh srolwlfdo v|vwhp/ oderu/ wkh
phgld/ wkh mxglfldu|/ dqg hyhq wkh xqlyhuvlwlhv� +s1 455, djdlqvw rxwvlgh vkduhkroghuv1
Lq wkh vdph vslulw/ Sdjdqr dqg Yroslq +5334, dqdo|}h wkh flufxpvwdqfhv lq zklfk dw
wkh srolwlfdo ohyho pdqdjhuv +ru frqwuroolqj vkduhkroghuv, dqg zrunhuv pd| frqyhujh
rq d sodwirup wkdw olplwv wkh surwhfwlrq dffrughg wr qrq0frqwuroolqj vkduhkroghuv1

Khuh zh vkrz krz vxfk d oderu0pdqdjhphqw �dooldqfh� fdq dulvh dw �up ohyho/
dqg h{sodlq zk| wklv dooldqfh � ru lpsolflw frqwudfw � lv lqfhqwlyh0frpsdwleoh1 Lq
sduwlfxodu/ zh h{sodlq zk| pdqdjhuv gr qrw vhhn wr uhqhjh rq wkhlu jhqhurxv zdjh
frqfhvvlrqv hyhq li wkh wdnhryhu wkuhdw grhv qrw pdwhuldol}h1 Xqolnh wkh lpsolflw0
frqwudfw vhwwlqj ri Vkohlihu dqg Vxpphuv +4<;;,/ rxu prgho pdnhv jhqhurxv zdjhv wkh
pdqdjhuv* suhihuuhg srolf| hyhq h{ srvw/ zkloh zdjh0fxwwlqj lv wkh udlghu*v suhihuuhg
frxuvh ri dfwlrq1

Wklv gl�huhqfh lq suhihuuhg srolflhv lv urrwhg lq wkh gl�huhqw vwdnhv wkdw wkh lq0
fxpehqw dqg wkh udlghu krog lq wkh frpsdq|1 Wkh lqfxpehqw pdqdjhphqw kdv d
vpdoohu vwdnh lq wkh frpsdq| wkdq wkh udlghu zrxog kdyh xsrq wdnlqj ryhu/ ehfdxvh
wkh udlghu pxvw jdlq frqwuro rq wkh pdunhw1 Dv d uhvxow/ wkh lqfxpehqw pdqdjhu pr0
wlydwhv hpsor|hhv e| jhqhurxv zdjh vhwwohphqwv pruh wkdq vwulfw prqlwrulqj1 Prvw
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ri wkh frvw ri wkh zdjh vhwwohphqw lv eruqh e| rwkhu vkduhkroghuv/ wkdw ri prqlwrulqj
hqwluho| e| wkh pdqdjhu klpvhoi= e| prqlwrulqj hpsor|hhv lqwhqvlyho|/ kh irujrhv wkh
sulydwh ehqh�wv ri d �txlhw olih�1 Lq frqwudvw/ d vxffhvvixo udlghu zlwk d odujh vwdnh
lq wkh frpsdq| suhihuv d �kdug0qrvhg� vwudwhj|= fxw zdjhv dv pxfk dv srvvleoh/ dqg
vwhs xs prqlwrulqj wr pdlqwdlq wkh zrun lqfhqwlyh1 Zrunhuv wkhuhiruh suhihu wkh lq0
fxpehqw pdqdjhu wr wkh udlghu/ dqg wkh| fdq wuxvw klp/ dv klv sohgjhg hpsor|phqw
srolflhv duh lq klv rzq ehvw lqwhuhvw1

Zh hqgrjhql}h wkh rzqhuvkls vwuxfwxuh dqg vkrz wkdw lw lv rswlpdo wr dvvljq d
orz vwdnh wr wkh dssrlqwhg pdqdjhu zkhq wkh frvw ri surylglqj klp zlwk lqfhqwlyhv
yld lqvlgh htxlw| h{fhhgv wkh ehqh�wv lq whupv ri lqfuhdvhg pdqdjhuldo h�ruw1 Zh
dovr vkrz wkdw hyhq zkhq wkh irxqghu fdq fkrrvh wkh udlghu*v wrhkrog/ wkhuh duh fdvhv
lq zklfk lqfxpehqwv hqwuhqfk wkhpvhoyhv dqg gr qrw h{huw kljk prqlwrulqj1 Wklv
kdsshqv zkhq erwk wkh wdnhryhu frvw dqg sulydwh ehqh�wv duh vr kljk frpsduhg zlwk
wkh jdlqv iurp pdqdjhuldo h�ruw wkdw qhlwkhu wkh pdunhw iru frusrudwh frqwuro qru
lqwhuqdo lqfhqwlyh vfkhphv duh frvw0h�hfwlyh1

Wkh prgho fduulhv vhyhudo hpslulfdo suhglfwlrqv1 Iluvw/ hpsor|phqw srolf| lv olnho|
wr eh xvhg wr ghwhu krvwloh wdnhryhuv lq frpsdqlhv zkhuh lqfxpehqwv kdyh d vpdoo
vwdnh dqg srwhqwldo udlghuv kdyh vpdoo wrhkrogv1 D vpdoo lqvlgh vwdnh pdnhv frqwuro
+dqg wkh lpsolhg txlhw olih, pruh ydoxdeoh iru lqfxpehqwv/ vpdoo wrhkrogv pdnh frqwuro
xqdvvdlodeoh1

Vhfrqg/ lq frpsdqlhv zkhuh wkh frqwuroolqj sduw|*v htxlw| vwdnh lv vpdoo/ hpsor|0
hhv vkrxog hduq uhodwlyho| kljk zdjhv dqg qrw eh wrr vwulfwo| prqlwruhg1 Li d wdnhryhu
grhv vxffhhg/ wkh qhz pdqdjhphqw zloo fxw wkh vdodulhv dv pxfk dv srvvleoh/ dqg zloo
lqwurgxfh pruh lqwhqvlyh prqlwrulqj ri zrunhuv1 Wkh frpsdq|*v vkduh sulfh zloo ulvh
lq sursruwlrq wr wkh vkduh ri hpsor|hhv zlwk uhqhjrwldeoh frqwudfwv lq wkh wrwdo zdjh
eloo1

Wklug/ hpsor|phqw srolf| fdq eh xvhg dv wdnhryhu ghwhuuhqw rqo| li wkh odz di0
irugv d vx!flhqw ghjuhh ri surwhfwlrq wr hpsor|hhv/ e| olplwlqj d udlghu*v delolw| wr
uhqhjrwldwh wkh oderu frqwudfwv douhdg| lq ehlqj1 Khqfh/ krvwloh wdnhryhuv vkrxog eh
ohvv iuhtxhqw lq frxqwulhv zlwk kljk hpsor|phqw surwhfwlrq1

Krzhyhu/ hyhq zkhuh wkh odfn ri hpsor|phqw surwhfwlrq pdnhv wkh orqj0whup od0
eru frqwudfw dq lqh�hfwlyh wdnhryhu ghwhuuhqw/ wkh lqfxpehqw pdqdjhphqw fdq frxqw
rq hpsor|hhv wr dfw lq wkhlu ghihqvh djdlqvw udlghuv1 Vxfk ghihqvh zloo eh sduwlfxoduo|
h�hfwlyh zkhq hpsor|hhv krog dq htxlw| vwdnh/ vlqfh wkhlu uhvsrqvh wr d udlghu*v elg
zloo gluhfwo| ghwhuplqh wkh wdnhryhu*v fkdqfhv ri vxffhvv1 Wkh prgho suhglfwv wkdw
pdqdjhuv zloo vhw xs dq hpsor|hh vkduh rzqhuvkls sodq +HVRS, dv d ghihqvlyh ghylfh
zkhq wkh| wkhpvhoyhv kdyh rqo| d vpdoo vwdnh lq wkh frpsdq| dqg wkhlu sulydwh ehqh0
�wv ri frqwuro duh kljk � wkh vdph flufxpvwdqfhv lq zklfk wkh| zrxog xvh hpsor|phqw
srolf| dv d wdnhryhu ghwhuuhqw/ li wklv zhuh srvvleoh1

Ilqdoo|/ hyhq zkhq wkh| kdyh qr vkduhv lq wkh frpsdq|/ zrunhuv fdq wdnh lqgxvwuldo
ru srolwlfdo dfwlrq wr rssrvh wdnhryhuv1 Hpsor|hhv* oree|lqj djdlqvw d fkdqjh lq
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frqwuro lv frpsohphqwdu| wr orqj0whup frqwudfwv dv d wdnhryhu ghwhuuhqw= wkh wzr
dqwl0wdnhryhu ghihqvhv duh pruh h�hfwlyh zkhq xvhg mrlqwo| wkdq lqglylgxdoo|1

Wkh pdlq srlqw pdgh lq wklv sdshu � wkdw hpsor|phqw srolf| fdq vhuyh dv dqwl0
wdnhryhu ghylfh � fdq eh h{whqghg wr rwkhu srolflhv wkdw uhgxfh d �up*v dwwudfwlyhqhvv
wr d udlghu1 H{dpsohv lqfoxgh jhqhurxv orqj0whup frqwudfwv zlwk vxssolhuv/ dv zhoo dv
orqj0whup frpplwphqwv wr vxssruw hqylurqphqwdo ru sklodqwkurslf rujdql}dwlrqv/ dv
glvfxvvhg lq Fhvsd dqg Fhvwrqh +5335,1 Wkhvh lqlwldwlyhv uhgxfh frqwhvwdelolw| e| lp0
sdlulqj wkh udlghu*v delolw| wr jhqhudwh d sur�w iurp wkh wdnhryhu1 Wkhvh duudqjhphqwv
dovr fuhdwh vwdnhkroghu frqvwlwxhqflhv wkdw vxssruw wkh lqfxpehqw pdqdjhphqw/ olnh
wkh hpsor|hhv lq rxu prgho1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq L od|v rxw wkh vwuxfwxuh ri wkh prgho1
Lq Vhfwlrq LL zh vroyh iru wkh htxloleulxp/ lghqwli| wkh flufxpvwdqfhv lq zklfk oderu
frqwudfwv duh xvhg dv �vkdun uhshoohqw�/ ghulyh wkh rswlpdo rzqhuvkls vwuxfwxuh/ dqg
frqvlghu vhyhudo h{whqvlrqv1 Lq Vhfwlrq LLL zh prgli| wkh prgho e| dvvxplqj wkdw
zrunhuv fdq sod| dq dfwlyh uroh lq ghwhuulqj d wdnhryhu/ dfwlqj dv �zklwh vtxluhv�
hlwkhu e| uhixvlqj wr vhoo wkhlu vkduhv wr wkh udlghu ru e| oree|lqj djdlqvw wkh wdnhryhu1
Vhfwlrq LY frqfoxghv1

L1 Wkh Prgho

Frqvlghu d �up ixoo| rzqhg e| lwv irxqghu1 Dw wkh wlph ri wdnlqj wkh frpsdq|
sxeolf/ wkh irxqghu ghvljqv lwv rzqhuvkls vwuxfwxuh dqg dssrlqwv lwv pdqdjhu1 Frqwuro
ri wkh �up lv frqwhvwdeoh li wkh pdqdjhu*v vwdnh q lv orzhu wkdq wkh frqwuroolqj vwdnh
q +iru h{dpsoh/ 83 shufhqw,1 Lq wklv fdvh/ d �udlghu� fdq jdlq frqwuro e| dftxlulqj d
vwdnh q- A q1 Wkh udlghu kdv d wrhkrog � 	 q/ zklfk lv wkh vwdnh wkdw kh fdq dpdvv
zlwkrxw d�hfwlqj wkh pdunhw sulfh1 Lqlwldoo|/ zh wuhdw wkh wrhkrog dv h{rjhqrxv/ exw
odwhu zloo dqdo|}h wkh fdvh lq zklfk wkh irxqghu fdq fkrrvh dovr wkh wrhkrog dv sduw
ri wkh lqlwldo vdoh1

Wkh vhtxhqfh ri hyhqwv/ zklfk lv looxvwudwhg lq Iljxuh 4/ frpsulvhv �yh vwdjhv1

^Lqvhuw Iljxuh 4`

Dw | ' f/ wkh irxqghu ri wkh frpsdq| vhoov d iudfwlrq ��q ri klv vkduhv wr rxwvlgh
vkduhkroghuv/ dqg dssrlqwv d pdqdjhu wr zkrp kh frqihuv wkh uhpdlqlqj iudfwlrq q1
Kh fkrrvhv wklv rzqhuvkls vwuxfwxuh vr dv wr pd{lpl}h wkh ydoxh ri klv surfhhgv1 Lq
wkh edvholqh fdvh/ wkh pdqdjhu kdv qr zhdowk qru ghew fdsdflw| wr dftxluh htxlw| lq
wkh �up/ dqg wkh htxlw| vwdnh q lv wkh rqo| dydlodeoh pdqdjhuldo lqfhqwlyh1 Lq Vhfwlrq
LL1H18/ zh h{dplqh krz wkh uhvxowv duh d�hfwhg li wkh pdqdjhu kdv srvlwlyh zhdowk
dqg li dowhuqdwlyh lqfhqwlyh phfkdqlvpv vxfk dv rswlrqv ru erqxvhv duh dydlodeoh1

Dw | ' �/ wkh lqfxpehqw pdqdjhu ohduqv wkh wrhkrog � ri wkh srwhqwldo udlghu1 Kh
fdq wkhq fkrrvh +ru prgli|, wkh �up*v hpsor|phqw srolf|1 Wkh hpsor|hhv/ zkrvh
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qxpehu lv vwdqgdugl}hg wr 4/ pd| kdyh hlwkhu orqj0whup ru vkruw0whup frqwudfwv1
Orqj0whup frqwudfwv fdqqrw eh uhqhjrwldwhg/ vkruw0whup frqwudfwv fdq eh uhqhjrwldwhg
dw | ' �1 Wkh lqfxpehqw fkrrvhv wkh iudfwlrq ri orqj0whup zrunhuv/ b/ dqg vhwv wkhlu
zdjh �u1 Zh dvvxph wkdw kh kdv frpsohwh frqwuro ryhu zdjh srolf|1

Dw | ' 2/ wkh udlghu fdq wdnh ryhu wkh �up e| dftxlulqj wkh dgglwlrqdo vwdnh
q� � zlwk d wdnh0lw0ru0ohdyh0lw/ frqglwlrqdo dqg xquhvwulfwhg whqghu r�hu wr glvshuvhg
vkduhkroghuv/ dv lq Exunduw/ Jurpe dqg Sdqxq}l +4<<;,1 D sxeolf r�hu lqyroyhv
vhwwlqj d sulfh R dw zklfk doo vkduhv whqghuhg duh erxjkw/ vxemhfw wr d �qdo kroglqj
ri dw ohdvw q1 Wkh udlghu dovr ehduv d �{hg frvw S wr fryhu wkh ohjdo dqg dgylvru|
ihhv qhfhvvdu| wr odxqfk wkh elg1 Glvshuvhg vkduhkroghuv ghflgh qrq0frrshudwlyho|
zkhwkhu wr whqghu wkhlu vkduhv/ dqg qrqh uhjdugv klpvhoi dv slyrwdo wr wkh vxffhvv ri
wkh wdnhryhu1 Wkh lqvlghu*v vwdnh q dqg wkh wrhkrog � duh sxeolf nqrzohgjh1

Dw | ' �/ wkh sduw| lq frqwuro +wkh lqfxpehqw pdqdjhu ru wkh udlghu, fdq uhqh0
jrwldwh wkh frqwudfwv zlwk vkruw0whup zrunhuv/ vhwwlqj wkhlu zdjh �1 Kh dovr fkrrvhv
wkh prqlwrulqj whfkqrorj|/ zklfk ghwhuplqhv wkh iudfwlrq ^ ri zrunhuv zkrvh h�ruw
zloo eh yhul�hg dw | ' e1 Wkh prqlwrulqj lqwhqvlw| ^ fdq eh vhw dw d orz ohyho ^f
ru dw d kljk ohyho ^�1 Wkh pdqdjhu*v fkrlfh ri prqlwrulqj whfkqrorj| vkdshv wkh
frpsdq|*v rujdql}dwlrqdo ghvljq dqg lwv xvh ri kxpdq uhvrxufhv= doorfdwlrq ri vx0
shuylvru| dqg uhsruwlqj wdvnv/ klulqj dqg �ulqj ghflvlrqv/ forvxuh ru uhvwuxfwxulqj ri
lqh!flhqw sodqwv1 E| fkrrvlqj d orz prqlwrulqj lqwhqvlw| wkh pdqdjhu hqmr|v d +qrq0
revhuydeoh, sulydwh ehqh�w K/ zklfk lv wkh prqhwdu| htxlydohqw ri klv h�ruw vdylqj1
Lqvridu dv ohvv prqlwrulqj pdnhv iru d vriwhu pdqdjhphqw vw|oh +zlwk juhdwhu wrohu0
dqfh iru vklunlqj dqg ohvv iuhtxhqw �ulqj ghflvlrqv,/ wkh ehqh�w K pd| lqfoxgh dovr
wkh pdqdjhu*v sohdvxuh iurp ehlqj srsxodu zlwk wkh �up*v hpsor|hhv1 Wr fdswxuh
erwk srvvleoh lqwhusuhwdwlrqv/ zh uhihu wr K dv wkh ehqh�w ri d �txlhw olih�1

Dw | ' e/ zrunhuv fkrrvh wkhlu h�ruw ohyho1 Rxwsxw lv sursruwlrqdo wr zrunhuv*
h�ruw1 Zlwk qr h�ruw/ wkhlu lqglylgxdo surgxfwlylw| + htxdov +f1 Li wkh| h{huw h�ruw dw
d sulydwh frvw Se/ wkhlu surgxfwlylw| ulvhv wr +�1 Zh ghqrwh wkh surgxfwlylw| jdlq e|
{+ � +� � +f1 Dv lq Fdoyr dqg Zhoolv} +4<:;,/ zrunhuv* lqglylgxdo h�ruw dqg rxwsxw
duh qrq0frqwudfwleoh/ exw fdq eh yhul�hg e| wkh pdqdjhu1 Pdqdjhphqw udqgrpo|
yhul�hv h�ruw iru d iudfwlrq ^ ri hpsor|hhv/ dqg fdq uhsodfh wkrvh fdxjkw vklunlqj
zlwk qhz orz0surgxfwlylw| zrunhuv/ kluhg dw wkh frpshwlwlyh zdjh �1� Li wkh wdnhryhu
vxffhhgv/ wkh udlghu uhsodfhv wkh pdqdjhphqw dqg prqlwruv zrunhuv gluhfwo|1 Lq wkh
edvholqh yhuvlrq ri wkh prgho/ kh lv dvvxphg wr xvh wkh vdph prqlwrulqj whfkqrorj|
dv wkh lqfxpehqw1 Lq dq h{whqvlrq/ zh frqvlghu krz wkh prgho*v uhvxowv fkdqjh li wkh
udlghu fdq fkrrvh d pruh h�hfwlyh prqlwrulqj whfkqrorj| wkdq wkh lqfxpehqw1

Ilqdoo|/ dw | ' D/ hdfk hpsor|hh surgxfhv rxwsxw +f ru +�/ ghshqglqj rq klv h�ruw
ohyho/ dqg uhfhlyhv klv vdodu|1 Vkduhkroghuv hduq wkh �up*v sur�wv/ dprxqwlqj wr wkh
gl�huhqfh ehwzhhq rxwsxw dqg zdjh eloo1 Wr jxdudqwhh wkdw wkh �up lv yldeoh hyhq
zkhq zrunhuv h{huw qr h�ruw/ zh dvvxph wkdw +f : �1

Zh lpsrvh wkuhh uhvwulfwlrqv rq wkh prgho*v sdudphwhuv=e
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Dvvxpswlrq 41 Lw lv h!flhqw wr holflw zrunhuv* h�ruw hyhq zkhq wkh| duh vxemhfw
wr orz prqlwrulqj/ ehfdxvh wkhlu dgglwlrqdo surgxfwlylw| h{fhhgv wkh uhqw qhhghg wr
lqfhqwlyl}h wkhp= {+ : Se*^f1

Dvvxpswlrq 51 D pdqdjhu zkr rzqv wkh frqwuro vwdnh lq wkh frpsdq| kdv wkh
lqfhqwlyh wr h{huw kljk prqlwrulqj/ ehfdxvh wkh lpsolhg prqhwdu| ehqh�w h{fhhgv wkh
ehqh�w ri d txlhw olih= irupdoo|/ qB : K/ zkhuh B � SeE^� � ^f�*^f^� zloo eh vkrzq wr
eh wkh jdlq iurp kljk prqlwrulqj1

Dvvxpswlrq 61 Wkh jdlq iurp kljk prqlwrulqj h{fhhgv wkh frvw ri d wdnhryhu=
qB : S1 Wklv lqhtxdolw| hqvxuhv wkh frqwhvwdelolw| ri frqwuro= qB lv wkh pd{lpxp
jdlq dffuxlqj wr wkh udlghu/ zklfk uh hfwv klv lqfuhdvhg prqlwrulqj/ zkloh S lv wkh
wdnhryhu*v frvw1

LL1 Zrunhuv dv Vkdun Uhshoohqw

Wr vroyh wkh prgho/ zh surfhhg e| edfnzdug lqgxfwlrq1 Wkh �uvw vwhs lv wkh
zrunhu*v prudo kd}dug sureohp dqg wkh prqlwrulqj jdph1 Wkh vhfrqg lv wkh wdnhryhu
jdph/ l1h1 ghwhuplqlqj wkh frqglwlrqv xqghu zklfk d udlghu zloo wu| wr jdlq frqwuro/
dqg wkh sulfh kh zloo sd|1 Wklugo|/ zh frqvlghu zkhwkhu wkh lqfxpehqw lv deoh +dqg
zlvkhv, wr suhyhqw d wdnhryhu e| xvlqj hpsor|phqw srolf|1 Ilqdoo|/ zh ghwhuplqh wkh
rswlpdo rzqhuvkls lqlwldoo| fkrvhq e| wkh irxqghu1

D1 Zdjh Vhwwlqj dqg Prqlwrulqj

Wr lqgxfh zrunhuv wr h{huw h�ruw/ wkh zdjh � dqg wkh prqlwrulqj ohyho ^ 5 i^fc ^�j
duh fkrvhq vr dv wr vdwlvi| wkh zrunhuv* lqfhqwlyh frpsdwlelolw| frqvwudlqw1 Pdqdjhuv
dozd|v zdqw wr lqgxfh zrunhuv* h�ruw/ ehfdxvh e| Dvvxpswlrq 4 wklv lv h!flhqw hyhq
xqghu orz prqlwrulqj +zklfk lv frvwohvv iru pdqdjhuv,1

Li d zrunhu lqyhvwv h�ruw lq klv mre/ klv xwlolw| lv �� Se= wkh zdjh ohvv wkh frvw ri
h�ruw1 Li wkh zrunhu h{huwv qr h�ruw/ klv xwlolw| lv ^� n E� � ^��= zlwk suredelolw|
^ kh lv fdxjkw vklunlqj dqg jhwv wkh uhvhuydwlrq zdjh �> zlwk suredelolw| � � ^/ kh
rewdlqv wkh zdjh � ehfdxvh kh fdqqrw eh glvwlqjxlvkhg iurp d kljk0surgxfwlylw|
zrunhu1 Khqfh/ wkh zrunhu*v lqfhqwlyh frpsdwlelolw| frqvwudlqw lv

^E� � �� A Se� +4,

Zrunhuv surylgh h�ruw hlwkhu li wkh suredelolw| ^ ri ehlqj fdxjkw vklunlqj lv kljk
ru li wkh zdjh orvv � � � iurp glvplvvdo lv odujh/ frpsduhg wr wkhlu frvw ri h�ruw Se1
Wkh lqwhqvlw| ri vxshuylvlrq/ ^/ dqg wkh zdjh/ �/ ghshqg rq wzr idfwruv= +l, zkhwkhu
zrunhuv duh xqghu d orqj0whup ru d vkruw0whup frqwudfw dqg +ll, zkr frqwurov wkh �up
iurp shulrg 2 rqzdugv +wkh lqfxpehqw ru wkh udlghu,1

Li d zrunhu lv kluhg rq d vkruw0whup frqwudfw/ klv zdjh lv vhw dw | ' � vr dv wr
vdwlvi| wkh zrunhuv* lqfhqwlyh frpsdwlelolw| frqvwudlqw zlwk htxdolw|= � ' �nSe*^1 Li
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lqvwhdg d zrunhu lv rq d orqj0whup frqwudfw/ klv zdjh fdqqrw eh orzhu wkdq wkh ohyho
�u vhw e| wkh oderu frqwudfw vljqhg dw | ' �1D Wkh �up*v wrwdo zdjh eloo lv wkh vxp ri
wkh zdjhv sdlg wr vkruw0whup dqg orqj0whup hpsor|hhv/ zhljkwhg e| wkhlu uhvshfwlyh
sursruwlrqv= E�� b�� n b�u�

Wkh prqlwrulqj lqwhqvlw| ^ lv fkrvhq e| wkh sduw| lq frqwuro dw | ' �/ dqg wkhuhiruh
lw ghshqgv rq klv lghqwlw| dqg lqfhqwlyhv1 Li wkh lqfxpehqw lv vwloo lq fkdujh/ ^ lv fkrvhq
wr pd{lpl}h klv xwlolw| �U =

4@ 
^Mt^fc^��

�U ' q i+� � dE�� b�� n b�uojn K � U^'^f +5,

zkhuh wkh zdjh ri vkruw0whup zrunhuv � ' �n Se*^ dqg wkh lqglfdwru ixqfwlrq U^'^f

htxdov 4 li ^ ' ^f dqg 3 rwkhuzlvh1 Li wkh udlghu lv lq frqwuro/ kh pd{lpl}hv wkh vdph
xwlolw| ixqfwlrq/ zlwk wkh rqo| gl�huhqfh wkdw klv htxlw| vwdnh lv q- udwkhu wkdq q1

Frpsdulqj wkh ydoxh ri wkh lqfxpehqw*v xwlolw| �U li ^ ' ^f zlwk lwv ydoxh li ^ ' ^�/
lw lv lpphgldwh wkdw wkh lqwhqvlw| ri prqlwrulqj fkrvhq e| wkh lqfxpehqw lv=

^U '

+
^f li q 	 K*E�� b�B

^� li q A K*E�� b�B
+6,

zkhuh B � � n Se*^f � E� n Se*^�� ' SeE^� � ^f�*^f^� lv wkh zdjh vdylqjv iurp kljk
prqlwrulqj1 Wkhuhiruh/ wkh lqfxpehqw fkrrvhv kljk prqlwrulqj li dqg rqo| li kh kdv
d vx!flhqwo| odujh htxlw| vwdnh/ vlqfh kh lqwhuqdol}hv rqo| d iudfwlrq q ri wkh jdlqv
iurp prqlwrulqj1 Wkh fruuhvsrqglqj zdjh lv �U ' � n Se*^U 1

Vlploduo|/ li wkh udlghu dftxluhv frqwuro ri wkh �up zlwk d vwdnh q- A q/ kh zloo
fkrrvh d prqlwrulqj lqwhqvlw| ri

^- '

+
^f li q- 	 K*E�� b�B

^� li q- A K*E�� b�Bc
+7,

dqg wkh fruuhvsrqglqj zdjh lv �- ' � n Se*^-1

Li frqwuro lv frqwhvwdeoh/ wkh lqfxpehqw*v vwdnh lv vpdoohu wkdq wkh vwdnh ri d
vxffhvvixo udlghu/ vlqfh q 	 q dqg q- A q1 Wklv lpsolhv wkdw d vxffhvvixo udlghu whqgv
wr prqlwru zrunhuv pruh lqwhqvlyho| wkdq wkh lqfxpehqw/ dqg wr sd| orzhu zdjhv wr
vkruw0whup hpsor|hhv1 Wkh udlghu ehkdyhv lq wklv zd| ehfdxvh zlwk klv odujhu htxlw|
vwdnh/ kh lqwhuqdol}hv wkh frvwv ri klv zdjh srolf| pruh wkdq wkh lqfxpehqw1

E1 Wdnhryhu Jdph

Dw | ' 2/ wkh udlghu ghvljqv klv ehvw vwudwhj| wr jdlq frqwuro dqg ghflghv wr
dwwhpsw wkh wdnhryhu rqo| li lw lv sur�wdeoh1 Dw wklv wlph kh kdv d wrhkrog vwdnh � 1
Wr ex| wkh uhpdlqlqj q- � � vkduhv/ kh pxvw odxqfk d whqghu r�hu1 Lq Ohppd 4 zh
frqvlghu klv rswlpdo elgglqj vwudwhj|1
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Ohppd 4 +Rswlpdo Elgglqj, Wr dftxluh q- � � yld d vxffhvvixo whqghu r�hu/ wkh
udlghu pxvw elg

REq-� ' +� � dE�� b�E� n Se*^-� n b�U oc +8,

zkhuh ^- ghshqgv rq q- dv ghvfulehg e| +7,1 Klv rswlpdo elg lv R ' REq�/ dqg klv
srvw0wdnhryhu vwdnh lv

q- 5

+
dqc K*E�� b�Bo li q 	 K*E�� b�B

dqc �o li q A K*E�� b�B�
+9,

Surri= Vhh Dsshqgl{1

Wkh lqwxlwlrq iru wklv uhvxow lv vlpsoh1 Uhfdoo wkdw wr jdlq frqwuro wkh udlghu pxvw
hqg xs zlwk d wrwdo vwdnh q- A q1 Glvshuvhg vkduhkroghuv zloo whqghu wkhlu vkduhv
rqo| li wkh udlghu r�huv wkhp dw ohdvw wkh diwhu0wdnhryhu sulfh1 Wr plqlpl}h wkh frvw ri
wkh wdnhryhu/ wkh udlghu r�huv h{dfwo| wkh diwhu0wdnhryhu sulfh R1 Wkh odwwhu lv zhdno|
lqfuhdvlqj lq wkh �qdo kroglqj ri wkh udlghu/ dv lv vkrzq e| htxdwlrq +8,/ vlqfh wkh
prqlwrulqj ohyho ^- diwhu d vxffhvvixo wdnhryhu lv lqfuhdvlqj lq klv diwhu0wdnhryhu vwdnh
q- dv ghvfulehg lq +7,1 Wkhuhiruh/ wkh udlghu idfhv d vxsso| fxuyh iru wkh frpsdq|*v
vkduhv wkdw lv zhdno| xszdug vorslqj1 Pruh vshfl�fdoo|/ lw lv dq lqfuhdvlqj vwhszlvh
ixqfwlrq/ zlwk d glvfrqwlqxlw| dw q- ' K*E� � b�B/ deryh zklfk wkh udlghu vwhsv xs
klv prqlwrulqj dfwlylw|1 Dv d uhvxow/ wkh udlghu lv lqgl�huhqw ehwzhhq q dqg ydoxhv
lpphgldwho| deryh lw1

Qrzzh fdq ghvfuleh pruh suhflvho| zkhq wkh fkdqjh lq frqwuro fuhdwhv vkduhkroghu
ydoxh/ e| uhgxflqj wkh �up*v oderu frvwv1 Wkh udlghu prqlwruv zrunhuv dw wkh kljk
lqwhqvlw| ^� li q A K*E� � b�B/ iurp Ohppd 4> lqvwhdg/ wkh lqfxpehqw prqlwruv
zrunhuv dw wkh orzhu lqwhqvlw| ^f li q 	 K*E�� b�B/ iurp htxdwlrq +6,1 Wklv lpsolhv
wkdw wkh wdnhryhu lv iroorzhg e| lqfuhdvhg prqlwrulqj dqg d zdjh fxw rqo| zkhq

q 	 K*E�� b�B 9 q� +:,

Lq wkh uhpdlqlqj fdvhv/ wkh udlghu dqg wkh lqfxpehqw prqlwru zrunhuv dw wkh vdph
ohyho1 Vshfl�fdoo|/ zkhq q 	 K*E��b�B/ wkh| erwk fkrrvh ^f/ zkloh li q A K*E��b�B/
wkh| erwk fkrrvh ^�1 Xqghu frqglwlrq +:,/ wkh fkdqjh lq frqwuro lqfuhdvhv wkh �up*v
sur�wv e| E��b�B/ wkdw lv/ e| wkh zdjh fxw lq lfwhg wr wkh �up*v vkruw0whup hpsor|hhv1
Wkh udlghu*v iudfwlrq ri wkhvh sur�wv ghshqgv rqo| rq klv wrhkrog/ vlqfh wkh udlghu
sd|v wkh ixoo srvw0wdnhryhu sulfh rq dq| uhpdlqlqj q-�� vkduhv qhfhvvdu| wr dftxluh
frqwuro1

Wkh udlghu*v lqfhqwlyhv wr odxqfk d wdnhryhu elg ghshqg rq wzr idfwruv= wkh
wdnhryhu jdlqv rq klv wrhkrog � ru/ dowhuqdwlyho|/ wkh ehqh�w ri d txlhw olih/ K1 Wkhvh
wzr jdlqv duh pxwxdoo| h{foxvlyh ehfdxvh wkh udlghu jhqhudwhv wdnhryhu jdlqv suhflvho|
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zkhq kh jlyhv xs d txlhw olih dv d pdqdjhu1 Pruh suhflvho|/ wkh udlghu*v lqfhqwlyhv
duh dv iroorzv=

Ohppd 5 +Udlghu*v Lqfhqwlyhv, Wkh udlghu*v jdlq iurp wkh wdnhryhu lv=

C- '

;A?
A=

f li K*E�� b�B 9 qc

�E�� b�B li q 	 K*E�� b�B 9 qc

K li q 	 K*E�� b�B�

+;,

Wkh udlghu dwwhpswv wkh wdnhryhu rqo| li C- : S1

Wklv ohppd ghvfulehv wkh wkuhh srvvleoh fdvhv1 Lq wkh �uvw fdvh/ wkh ehqh�w ri d
txlhw olih lv vr orz wkdw hyhq wkh lqfxpehqw prqlwruv wkh �up*v hpsor|hhv lqwhqvlyho|/
vr wkdw wkh udlghu fdqqrw jhqhudwh dq| zdjh vdylqjv1 Vlqfh lq wklv fdvh kh zrxog qrw
hqmr| d txlhw olih hlwkhu/ kh grhv qrw dwwhpsw d wdnhryhu1 Lq wkh lqwhuphgldwh fdvh/
frqglwlrq +:, lv vdwlv�hg/ vr wkdw wkh wdnhryhu jhqhudwhv dq lqfuhdvh lq prqlwrulqj
lqwhqvlw| dqg dq dwwhqgdqw lqfuhdvh lq �up ydoxh1 Wkh vxffhvvixo udlghu*v xwlolw| jdlq
lv wkh dssuhfldwlrq ri klv wrhkrog �E��b�B qhw ri wkh frvw ri rujdql}lqj wkh wdnhryhu
S1 Lq wkh odvw fdvh/ wkh ehqh�w ri d txlhw olih lv vr ydoxdeoh wkdw hyhq wkh udlghu fkrrvhv
wkh orz prqlwrulqj lqwhqvlw|/ mxvw dv wkh lqfxpehqw1 Lq wklv fdvh/ wkh wdnhryhu grhv
qrw jhqhudwh dq lqfuhdvh lq wkh �up*v ydoxh/ exw wkh udlghu pd| vwloo elg iru wkh �up
li klv sulydwh ehqh�w K h{fhhgv wkh wdnhryhu*v frvw S1

F1 Wdnhryhu Ghwhuuhqfh

Dw | ' �/ wkh pdqdjhu fkrrvhv wkh zdjh ri wkh zrunhuv zlwk orqj0whup frqwudfwv/
�u/ dqg wkh iudfwlrq ri vxfk zrunhuv/ b1

Ohw xv �uvw frqvlghu wkh zdjh1 Wkh pdqdjhu nqrzv wkdw wkh ohyho ri prqlwrulqj
zloo eh fkrvhq dw | ' � dffruglqj wr htxdwlrq +6,1 Vlqfh holflwlqj h�ruw iurp zrunhuv
lv h!flhqw +e| Dvvxpswlrq 4,/ wkh zdjh �u lv fkrvhq vr dv wr vdwlvi| wkh orqj0whup
hpsor|hhv* lqfhqwlyh frpsdwlelolw| frqglwlrq �u ' � n Se*^U 1 Vlqfh wklv frqglwlrq
lv lghqwlfdo wr wkdw iru vkruw0whup hpsor|hhv/ wkh lqfxpehqw sd|v wkh vdph zdjh wr
erwk w|shv ri hpsor|hhv1

Qh{w/ ohw xv frqvlghu wkh iudfwlrq b ri orqj0whup zrunhuv wkdw wkh lqfxpehqw
zlvkhv1 Jlyhq wkh udlghu*v lqfhqwlyhv ghvfulehg e| Ohppd 5/ wkh lqfxpehqw*v rswlpdo
fkrlfh ri wkh iudfwlrq ri orqj0whup zrunhuv/ bW/ lv fkdudfwhul}hg dv iroorzv=

Ohppd 6 +Rswlpdo Hpsor|phqw Srolf|, Wkh rswlpdo iudfwlrq ri orqj0whup
hpsor|hhv lv bW ' �� S*�B : f/ li q 	 K*B dqg � 5 ES*Bc Sq*K�1 Rwkhuzlvh/ bW ' f1

Surri= Vhh Dsshqgl{1

Lqwxlwlyho|/ wkh frqglwlrq q 	 K*B lpsolhv erwk wkdw wkh lqfxpehqw lv xqzloolqj wr
prqlwru dqg wkdw kh zdqwv wr suhyhqw d wdnhryhu= wkh ydoxh K ri d txlhw olih h{fhhgv
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wkh prqhwdu| jdlqv qB iurp prqlwrulqj +zkhwkhu h�hfwhg e| wkh lqfxpehqw klpvhoi
ru e| wkh udlghu,1 Wr dvvhvv wkh lqfxpehqw*v delolw| wr ghwhu wkh wdnhryhu/ lw lv zruwk
glvwlqjxlvklqj ehwzhhq wzr fdvhv/ ghshqglqj rq wkh vl}h ri wkh wdnhryhu frvw= S A K
dqg S 	 K1

Li wkh wdnhryhu frvw lv uhodwlyho| kljk +S A K,/ wkh lqfxpehqw fdq dozd|v ghwhu wkh
wdnhryhu e| xvlqj hpsor|hhv dv d vkdun uhshoohqw/ wkdw lv/ e| vhwwlqj bW ' 4�?E� �
S*�Bc f�1 Zlwk wklv iudfwlrq ri orqj0whup hpsor|hhv/ wkh udlghu fdq qhyhu pdnh d
qhw jdlq iurp wkh wdnhryhu/ vlqfh wkh jdlq iurp zdjh0fxwwlqj C- idoov vkruw ri wkh
wdnhryhu frvw S/ zkdwhyhu wkh vl}h ri klv wrhkrog � 1 Lq idfw/ li wkh udlghu*v wrhkrog
lv orz hqrxjk +�B 9 S,/ wkh lqfxpehqw grhv qrw hyhq qhhg d vkdun uhshoohqw dqg
wkhuhiruh fkrrvhv bW ' f1

Li lqvwhdg wkh wdnhryhu frvw lv uhodwlyho| orz +S 	 K,/ wkh lqfxpehqw fdq ghwhu
wkh udlghu rqo| zkhq klv wrhkrog lv orz hqrxjk +� 	 Sq*K,1 Rwkhuzlvh/ wkh udlghu
fdqqrw eh vwrsshg1 Wr vhh zk|/ lpdjlqh wkdw wkh lqfxpehqw fkrrvhv bW ' �� S*�B/
vr dv wr dqqlklodwh wkh udlghu*v vhfxulw| jdlqv1 Wklv dovr glvfrxudjhv wkh udlghu iurp
prqlwrulqj li lw pdnhv wkh dwwhqgdqw jdlq qE��bW�B vpdoohu wkdq wkh sulydwh ehqh�w
K1 Vxevwlwxwlqj rxw bW/ wklv rffxuv li � A Sq*K1 Lq wklv fdvh/ wkh yhu| dwwhpsw wr
xvh hpsor|phqw srolf| dv vkdun uhshoohqw kdv wkh vlgh0h�hfw ri lqgxflqj d vxffhvvixo
udlghu wr rsw iru d �txlhw olih�1 Exw wkh ehqh�w ri d �txlhw olih� K h{fhhgv wkh wdnhryhu
frvw S/ e| dvvxpswlrq1 Khqfh/ lq wklv fdvh wkh udlghu fdqqrw eh ghwhuuhg1

Ilqdoo|/ li q A K*B / wkh lqfxpehqw klpvhoi fkrrvhv kljk prqlwrulqj/ vr wkdw wkh
udlghu fdqqrw lqfuhdvh wkh �up*v ydoxh dqg wkhuh lv qr wdnhryhu wkuhdw1 Khqfh/ wkh
lqfxpehqw lv lqgl�huhqw derxw b/ dqg xqghu rxu wlh0euhdnlqj dvvxpswlrq kh zloo vhw
bW ' f1

Zh fdq wkhuhiruh uhvwdwh wkh uhvxowv lq Ohppd 6 lq whupv ri wkh dqwl0wdnhryhu
srolf| fkrvhq e| wkh lqfxpehqw=

Sursrvlwlrq 4 +Rswlpdo Wdnhryhu Ghwhuuhqfh, Wdnhryhuv duh eorfnhg e| wkh
lqfxpehqw*v hpsor|phqw srolf| li q 	 K*B dqg � 5 ES*Bc Sq*K�1 Wkh| fdqqrw eh
eorfnhg li q 	 K*B dqg � A Sq*K/ dqg qhyhu rffxu rwkhuzlvh1

Iljxuh 5 looxvwudwhv wkh irxu srvvleoh fdvhv lq wkh vsdfh Eqc ��1 Wkh duhd wr wkh
ohiw ri K*B/ zkhuh wkh lqfxpehqw grhv qrw zdqw d wdnhryhu/ frpsulvhv wkuhh uhjlrqv/
ghshqglqj rq wkh vl}h ri wkh udlghu*v wrhkrog1 Iru orz ydoxhv ri � / hyhq wkrxjk wkh
lqfxpehqw h�hfwv orzprqlwrulqj/ wkhuh lv qr wdnhryhu wkuhdw ehfdxvh wkh udlghu zrxog
fdswxuh wrr olwwoh d iudfwlrq ri wkh wdnhryhu jdlqv= wkh vkdun uhshoohqw lv xqqhfhvvdu|
lq wklv �orz prqlwrulqj2qr wdnhryhu uhjlrq�1 Iru lqwhuphgldwh ydoxhv ri � / zh duh
lq wkh �vkdun uhshoohqw uhjlrq�/ zkhuh wkh lqfxpehqw ghwhuv wkh udlghu e| fkrrvlqj
d vx!flhqwo| odujh iudfwlrq ri orqj0whup hpsor|hhv1 Iru yhu| kljk ydoxhv ri � / wkh
udlghu*v wrhkrog lv odujh hqrxjk wkdw kh zloo wdnh ryhu wkh frpsdq| dq|zd| +�krvwloh
wdnhryhu uhjlrq�,1 Wkh duhd wr wkh uljkw ri K*B lv wkh �kljk prqlwrulqj2qr wdnhryhu
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uhjlrq�/ zkhuh dq rxwvlghu kdv qr lqfhqwlyh wr dwwhpsw wkh wdnhryhu ehfdxvh wkh
lqfxpehqw lv douhdg| prqlwrulqj hpsor|hhv lqwhqvlyho|1S

^Lqvhuw Iljxuh 5`

Iljxuh 5 lv gudzq xqghu wkh dvvxpswlrq wkdw K : S/ wkdw lv/ wkh sulydwh ehqh�wv ri
frqwuro h{fhhg wkh frvw ri wdnhryhu1 Lw pd| dsshdu sx}}olqj wkdw lq wklv fdvh d wdnhryhu
fdq eh suhyhqwhg1 Wkh vroxwlrq wr wkh sx}}oh lv wkdw lq htxloleulxp wkh ehqh�w K idlov
wr pdwhuldol}h iru d udlghu= kdylqj dftxluhg d odujh vwdnh lq wkh frpsdq|/ kh zloo
qhyhu zdqw wr hqmr| d �txlhw olih�1 Xqghu wkh dowhuqdwlyh dvvxpswlrq wkdw K 9 S/
wkh �krvwloh wdnhryhu uhjlrq� lq Iljxuh 5 zrxog glvdsshdu/ dqg wkh �vkdun uhshoohqw
uhjlrq� zrxog h{sdqg fruuhvsrqglqjo|1

Sursrvlwlrq 4 kdv whvwdeoh lpsolfdwlrqv iru wkh uhodwlrqvkls ehwzhhq zdjhv dqg wkh
rzqhuvkls vwuxfwxuh ri frpsdqlhv1 Wkhvh fdq eh vhhq e| frqvlghulqj djdlq Iljxuh
51 Zdjhv duh frpsdudwlyho| kljk lq wkh wzr duhdv ri wkh �jxuh zkhuh wkh lqfxpehqw
kdv d orz htxlw| vwdnh dqg wdnhryhuv gr qrw rffxu +hlwkhu ehfdxvh wkh| duh suhyhqwhg
e| vkdun uhshoohqw ru ehfdxvh wkh udlghu kdv dq lqvx!flhqw wrhkrog,1 Dv d uhvxow/ dq
h{rjhqrxv lqfuhdvh lq wkh lqfxpehqwv* vwdnh q whqgv wr vkliw frpsdqlhv rxwvlgh ri
wkh kljk0zdjh uhjlrq/ surgxflqj d uhgxfwlrq ri wkhlu oderu frvwv1 E| wkh vdph wrnhq/
dq h{rjhqrxv lqfuhdvh lq wkh udlghu*v wrhkrog � whqgv wr vkliw wkh frpsdq| lqwr wkh
wdnhryhu duhd/ surgxflqj d zdjh fxw1 Vxppdul}lqj wkhvh hpslulfdo suhglfwlrqv=

Fruroodu|1 Lq �upv wkdw duh qrw wdnhryhu wdujhwv/ zdjhv duh qhjdwlyho| fruuhodwhg
zlwk wkh vl}h ri wkh lqfxpehqw*v vwdnh1 Lq frpsdqlhv zkrvh lqfxpehqw kdv d orz
htxlw| vwdnh/ zdjhv duh fxw lq wkh zdnh ri d wdnhryhu1

Frqvlvwhqw zlwk wklv suhglfwlrq/ Urvhww +4<<3, uhsruwv wkdw d zhdowk wudqvihu iurp
zrunhuv wr vkduhkroghuv dffrxqwv iru 43 shufhqw ri wkh krvwloh0wdnhryhu suhplxp
zlwklq 4; |hduv diwhu wkh wdnhryhu/ dqg Ehfnhu +4<<8, �qgv wkdw krvwloh wdnhryhuv
duh dvvrfldwhg zlwk d vljql�fdqw uhgxfwlrq lq xqlrq zdjh suhplxpv1 Ekdjdw/ Vkohlihu
dqg Ylvkq| +4<<3, grfxphqw d vpdoo ghfuhdvh lq wkh dyhudjh frpshqvdwlrq ri wkh
wdujhw frpsdqlhv* hpsor|hhv1 Wkh suhglfwlrq wkdw odujh wrhkrogv duh dvvrfldwhg zlwk
vxffhvvixo wdnhryhuv lv frqvlvwhqw zlwk wkh hylghqfh lq Ehwwrq dqg Hfner +5333,1 Wkh|
dovr uhsruw wkdw wkh wdujhw pdqdjhphqw*v uhvlvwdqfh lv ohvv olnho| zkhq wkh elgghu kdv
d odujhu wrhkrog/ suhflvho| dv lq rxu prgho zkhuh wkh lqfxpehqw pdqdjhu fkrrvhv wr
xvh wkh vkdun uhshoohqw rqo| li wkh udlghu*v wrhkrog � lv vpdoohu wkdq wkh wkuhvkrog
Sq*K1

Sursrvlwlrq 4 lpsolhv dovr wkdw dq h{rjhqrxv lqfuhdvh ri wkh wdnhryhu*v frvw S
whqgv wr vkliw wkh frpsdq| lqwr wkh vkdun0uhshoohqw duhd/ surgxflqj d zdjh lqfuhdvh1
Wkh hylghqfh ri Ehuwudqg dqg Pxoodlqdwkdq +4<<<, lv frqvlvwhqw zlwk wklv suhglfwlrq=
lq wkh XV/ wkh lqwurgxfwlrq ri vwdwh0ohyho dqwl0wdnhryhu ohjlvodwlrq lq wkh 4<;3v zdv
dvvrfldwhg zlwk dq lqfuhdvh lq wkh dyhudjh frpsdq| zdjhv1 Dqqxdo zdjhv iru �upv
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lqfrusrudwhg lq vwdwhv sdvvlqj dqwl0wdnhryhu odzv urvh e| ehwzhhq 4 dqg 5 shufhqw
pruh wkdq lq d frqwuro jurxs1 Ehuwudqg dqg Pxoodlqdwkdq +5336, uhshdw wklv whvw
rq sodqw0ohyho gdwd dqg �qg wkdw lq surwhfwhg sodqwv zdjhv ulvh e| derxw 318 shufhqw
iru eoxh0froodu zrunhuv dqg e| derxw 7 shufhqw iru zklwh0froodu rqhv1 Wkh| frqfoxgh
wkdw wkhvh uhvxowv �w d txlhw0olih prgho lq zklfk hqwuhqfkhg pdqdjhuv dyrlg gl!fxow
ru frvwo| h�ruwv dqg dsshdvh zrunhuv e| sd|lqj wkhp kljk zdjhv1

G1 Rzqhuvkls Vwuxfwxuh

Dw | ' f/ wkh irxqghu fkrrvhv wkh vwdnh q iru wkh lqfxpehqw pdqdjhu dqg vhoov
wkh uhpdlqlqj vkduhv rq wkh pdunhw1 Khqfh/ kh fkrrvhv q wr pd{lpl}h klv xwlolw|
�8 ' E� � q�T / zkhuh wkh ydoxh ri wkh �up T ghshqgv rq q yld wkh prqlwrulqj
lqfhqwlyhv surylghg e| wkh lqvlgh htxlw| rzqhuvkls=

T '

+
Tf ' +� � � � Se*^f li q 	 K*B dqg � 	 qS*Kc

T� ' +� � � � Se*^� rwkhuzlvh1
+<,

Qrwh wkdw T� � Tf ' B lv wkh lqfuhdvh lq �up*v ydoxh dulvlqj iurp kljk prqlwru0
lqj1 Iurp h{suhvvlrq +<,/ lw lv lpphgldwh wkdw wkhuh duh wzr fdvhv wr eh frqvlghuhg/
ghshqglqj rq wkh vl}h ri wkh rxwvlghu*v wrhkrog1

Li � A qS*K/ wkh lqfxpehqw fdqqrw hqwuhqfk klpvhoi yld klv hpsor|phqw srolf|1
Khqfh/ wkh �up*v ydoxh lv xqd�hfwhg e| q dqg htxdov T�1 Lq wklv fdvh wkh irxqghu
fkrrvhv qW ' f= lw lv fkhdshu wr surgxfh jrrg pdqdjhphqw yld wkh pdunhw iru
frusrudwh frqwuro wkdq yld lqwhuqdo lqfhqwlyhv1

Li lqvwhdg � 	 qS*K/ frqwuro lv qrw frqwhvwdeoh/ ehfdxvh wkh lqfxpehqw zloo hq0
wuhqfk klpvhoi yld hpsor|phqw srolf|1 Lq wklv fdvh/ wkh fkrlfh ri q fdq rqo| di0
ihfw wkh pdqdjhu*v prqlwrulqj lqfhqwlyhv= wkh pdqdjhu zloo h{huw orz prqlwrulqj li
q 	 K*B/ dqg kljk prqlwrulqj rwkhuzlvh1 Vlqfh wkh rzqhu zlvkhv wr plqlpl}h wkh
frvw ri lqfhqwlyhv/ kh zloo fkrrvh q ' f lq wkh �uvw fdvh/ dqg q ' K*B lq wkh vhfrqg
fdvh1 Lq wkh �uvw fdvh/ wkh irxqghu*v xwlolw| lv �8 ' Tf/ zkloh lq wkh vhfrqg lw lv
�8 ' E� � K*B�T� ' T� � EK*B�T� ' Tf n B � EK*B�T�1 Khqfh wkh irxqghu fkrrvhv wr
lqfhqwlyl}h wkh pdqdjhu zlwk d vwdnh q ' K*B li wkh lpsolhg zdjh vdylqj/ B/ h{fhhgv
wkh lqfhqwlyh*v frvw/ EK*B�T�/ dqg fkrrvhv q ' f rwkhuzlvh1 Lq wkh odwwhu fdvh/ kh
dffhswv pdqdjhuldo hqwuhqfkphqw dv wkh ehvw srvvleoh vroxwlrq1

Vxppdul}lqj wklv dujxphqw=

Sursrvlwlrq 5 +Rswlpdo Rzqhuvkls Vwuxfwxuh, Wkh rswlpdo rzqhuvkls vwuxf0
wxuh lv=

qW '

;A?
A=

f li � A qS*K +frqwhvwdeoh frqwuro,/

K*B li � 	 qS*K dqg EK*B�T� 9 B +lqwhuqdo lqfhqwlyhv,/

f li � 	 qS*K dqg EK*B�T� : B +hqwuhqfkphqw,1
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Wklv sursrvlwlrq h{sodlqv zk| lq wklv prgho pdqdjhuv pd| hqwuhqfk wkhpvhoyhv/
hyhq diwhu doorzlqj iru dq rswlpdo ghvljq ri wkh rzqhuvkls vwuxfwxuh e| wkh �up*v
irxqghu1 Wkh lqlwldo rzqhu pd| dvvljq qr htxlw| wr wkh �up*v pdqdjhu li wklv lqfhqwlyh
vfkhph lv wrr h{shqvlyh/ hyhq li kh uhfnrqv wkdw dv d uhvxow wkh pdqdjhu zloo hqwuhqfk
klpvhoi1 Wklv zloo lq idfw rffxu li wkh pdunhw iru frusrudwh frqwuro lv uhodwlyho|
lqh�hfwlyh/ ehfdxvh rxwvlghuv kdyh wrr orz wrhkrogv ru idfh odujh wdnhryhu frvwv1 Wklv
lqlwldo fkrlfh e| wkh irxqghu h{sodlqv zk| wkh lqfxpehqw*v vwdnh q pd| eh orzhu wkdq
wkh udlghu*v vwdnh q-/ dqg zk| wkhlu pdqdjhuldo lqfhqwlyhv pd| gl�hu fruuhvsrqglqjo|1

H1 H{whqvlrqv

Lq wkh deryh prgho/ wkh lqfxpehqw pdqdjhu dqg wkh udlghu kdyh wkh vdph prq0
lwrulqj whfkqrorj| +^f ru ^�, dqg wkh vdph wdvwh iru d txlhw olih +K,1 Lq wklv vhfwlrq
zh h{whqg wkh prgho wr wkh fdvh zkhuh wkh udlghu lv d pruh h!flhqw prqlwru wkdq
wkh lqfxpehqw ru sodfhv d orzhu ydoxh rq d txlhw olih1 Zh vkrz dovr wkdw zhdnhqlqj
hpsor|phqw surwhfwlrq uhgxfhv wkh wdnhryhu ghwhuuhqfh ri orqj0whup oderu frqwudfwv1
Pruhryhu/ zh lqyhvwljdwh wkh frqvhtxhqfh ri ohwwlqj wkh frpsdq|*v irxqghu fkrrvh
wkh srwhqwldo udlghu*v wrhkrog � / ehvlgh wkh pdqdjhu*v vwdnh q1 Ilqdoo|/ zh h{dplqh
krz wkh uhvxowv duh d�hfwhg li wkh pdqdjhu kdv d srvlwlyh zhdowk dqg li dowhuqdwlyh
lqfhqwlyh phfkdqlvpv duh dydlodeoh1

H14 Gl�huhqwldo Prqlwrulqj Whfkqrorj|

Vr idu zh kdyh dvvxphg wkdw wkh udlghu dqg wkh lqfxpehqw vkduh wkh vdph prq0
lwrulqj whfkqrorj|= erwk ri wkhp fdq fkrrvh ehwzhhq d �txlhw olih� vwudwhj| � orz
prqlwrulqj lqwhqvlw| ^f dqg sulydwh ehqh�w K � dqg wkh �kdug0qrvhg� vwudwhj| � kljk
prqlwrulqj ^� dqg qr sulydwh ehqh�w1 Dqhfgrwdo hylghqfh rq surihvvlrqdo udlghuv/
vxfk dv Fduo Lfdkq/ Iudqn Oruhq}r dqg Ylfwru Srvqhu/ vxjjhvwv wkdw udlghuv pd|
kdyh d ehwwhu prqlwrulqj whfkqrorj| wkdq wkh dyhudjh pdqdjhu +vhh/ iru lqvwdqfh/
Kroghuqhvv dqg Vkhhkdq/ 4<;8,1 Lq rwkhu zrugv/ wkh| ehfdph udlghuv ehfdxvh wkh|
kdg d frpsdudwlyh dgydqwdjh lq uhvwuxfwxulqj wdvnv olnh frvw0fxwwlqj/ dvvhw0vwulsslqj/
dqg qhjrwldwlrq zlwk vxssolhuv dqg hpsor|hhv1

Wr fdswxuh wklv ihdwxuh/ zh prgli| wkh prgho suhvhqwhg lq Vhfwlrq L e| dvvxp0
lqj wkdw d udlghu h{huwlqj kljk prqlwrulqj ghwhfwv orz0surgxfwlylw| zrunhuv zlwk d
suredelolw| ^-� kljkhu wkdq wkh lqfxpehqw*v= ^-� : ^�1 Wklv lpsolhv wkdw/ li wkh lq0
fxpehqw*v prqlwrulqj lqwhqvlw| lv orz +ehfdxvh q 	 K*B,/ wkh srwhqwldo zdjh vdylqjv
iurp d wdnhryhu duh odujhu wkdq ehiruh=

SeE^
-
� � ^f�*^f^

-
� � B- : B� +44,

Wklv uhvxow kdv wzr lpsolfdwlrqv iru wkh rswlpdo hpsor|phqw srolf| fkrvhq e| wkh
lqfxpehqw1

Iluvw/ wkh udlghu kdv d juhdwhu lqfhqwlyh wr elg iru wkh frpsdq| ehfdxvh wkh jdlq
rq klv wrhkrog lv odujhu= �B- : �B1 Khqfh/ kh zloo elg iru wkh frpsdq| zkhqhyhu klv
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wrhkrog h{fhhgv S*B- +udwkhu wkdq S*B,/ lq wkh devhqfh ri vkdun uhshoohqw +b ' f,1
Wr frxqwhu wklv lqfuhdvhg wkuhdw/ wkh lqfxpehqw zloo xvh hpsor|phqw srolf| dv dq
dqwl0wdnhryhu ghylfh dovr lq vlwxdwlrqv iru zklfk kh zrxog qrw kdyh grqh vr dffruglqj
wr Sursrvlwlrq 41 Vshfl�fdoo|/ kh zloo xvh wkh vkdun uhshoohqw dovr iru ydoxhv ri wkh
udlghu*v wrhkrog � 5 ES*B-c S*Bo1 Wkh vkdun0uhshoohqw uhjlrq zloo h{sdqg dffruglqjo|
lq Iljxuh 51

Vhfrqg/ iru dq| ydoxh ri q odujhu wkdq K*B-/ wkh lqfxpehqw klpvhoi zlvkhv wkh
udlghu wr wdnh ryhu wkh frpsdq|/ vlqfh wkh vhfxulw| ehqh�wv wkdw kh jhwv iurp wkh
wdnhryhu h{fhhg klv sulydwh ehqh�wv ri frqwuro1 Lqwxlwlyho|/ kh uhfrjql}hv wkdw wkh
udlghu lv d ehwwhu prqlwru wkdq klpvhoi1 Dv d uhvxow/ wkh duhd zkhuh q A K*B-
ehfrphv d �iulhqgo| wdnhryhu uhjlrq�/ uh hfwlqj wkh juhdwhu doljqphqw ri wkh udlghu*v
dqg wkh lqfxpehqw*v lqwhuhvwv1 Wklv uhjlrq uhsodfhv wkh �kljk prqlwrulqj2qr wdnhryhu
uhjlrq� ri Iljxuh 5/ dqg uhgxfhv wkh rwkhu uhjlrqv1

H15 Gl�huhqwldo Sulydwh Ehqh�wv

Li udlghuv kdyh d orzhu dsshwlwh iru d txlhw olih wkdq wkh lqfxpehqw +K- 	 K,/
wkh vkdun0uhshoohqw uhjlrq lq Iljxuh 5 zlghqv wr lqfoxgh ohyhov ri wkh udlghu*v wrhkrog
� 5 dSq*K-c Sq*K�zkhuh wkh udlghu frxog qrw eh ghwhuuhg lq wkh edvlf prgho1 Wr
xqghuvwdqg wkh lqwxlwlrq iru wklv uhvxow/ frqvlghu wkdw orqj0whup frqwudfwv glvfrxudjh
d vxffhvvixo udlghu iurp prqlwrulqj zrunhuv/ wkxv holplqdwlqj klv vhfxulw| ehqh�wv
iurp wkh wdnhryhu/ exw ohdyh wkh grru rshq wr d wdnhryhu prwlydwhg rqo| e| wkh
sulydwh ehqh�wv ri frqwuro +li K- : S,1 Wkh orzhu wkh udlghu*v sulydwh ehqh�wv/ wkh ohvv
lpsruwdqw lv wklv dowhuqdwlyh uhdvrq iru wdnlqj ryhu wkh frpsdq|/ dqg wkhuhiruh wkh
pruh h�hfwlyh duh orqj0whup frqwudfwv lq vkxwwlqj rxw wkh udlghu/ wkxv h{sdqglqj wkh
�vkdun0uhshoohqw uhjlrq�1

Lq wkh olplwlqj fdvh zkhuh wkh udlghu*v wdvwh iru d txlhw olih lv vr orz dv wr eh
r�vhw e| wkh wdnhryhu*v frvwv +K- 9 S,/ wkh �vkdun uhshoohqw uhjlrq� h{whqgv wr wkh
hqwluh duhd/ dqg wkh �krvwloh0wdnhryhu uhjlrq� glvdsshduv1 Lq wklv fdvh/ wkh rqo|
hqwlfhphqw wr wdnh ryhu wkh frpsdq| fdq dulvh iurp wkh lpsolhg vhfxulw| jdlqv1 Exw
wkh lqfxpehqw fdq holplqdwh dq| vxfk jdlqv e| fkrrvlqj d vx!flhqwo| kljk iudfwlrq
ri orqj0whup frqwudfwv1

H16 Uroh ri Hpsor|phqw Surwhfwlrq

Vr idu wkh orqj0whup oderu frqwudfwv vljqhg dw | ' � zhuh dvvxphg wr uhpdlq
ohjdoo| elqglqj dw | ' �1 Vxssrvh lqvwhdg wkdw dw | ' �/ wkh sduw| lq frqwuro lv
erxqg wr nhhs +dw ohdvw, d iudfwlrq > ri wkh hpsor|hhv zlwk orqj0whup frqwudfwv1 Wkh
iudfwlrq ri �surwhfwhg zrunhuv� > phdvxuhv wkh ghjuhh ri hpsor|phqw surwhfwlrq1 Zh
zloo vkrz wkdw wkh orzhu > lv/ wkh ohvv h�hfwlyh orqj0whup hpsor|phqw frqwudfwv zloo
eh dv vkdun uhshoohqw1
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Lq wklv qhz vhwwlqj/ wkh pdqdjhu lq frqwuro dw | ' � fdq uhsodfh �� b> zrunhuv/
vr wkdw wkh udlghu*v ghflvlrq zkhwkhu wr odxqfk wkh wdnhryhu elg lv prgl�hg vlpso|
e| uhsodflqj �� b zlwk �� b> lq rxu hduolhu dqdo|vlv1 Iurp Sursrvlwlrq 4 zh nqrz
wkdw wkh pdqdjhu xvhv orqj0whup frqwudfwv dv vkdun uhshoohqw zkhqhyhu kh glvolnhv
wkh wdnhryhu +q 	 K*B, dqg wkh vkdun uhshoohqw lv qhfhvvdu| wr ghwhu wkh wdnhryhu
+� : K*B,1 Lq wkh suhylrxv vhfwlrq/ wkh vkdun uhshoohqw frqvlvwhg lq vhwwlqj wkh
iudfwlrq ri orqj0whup zrunhuv b htxdo wr � � S*�B 1 Qrz wkdw wkh h�hfwlyh iudfwlrq
ri orqj whup zrunhuv lv b>/ wkh vkdun uhshoohqw dprxqwv wr vhwwlqj b ' E�� S*�B�*>1
Iroorzlqj wkh vdph vwhsv dv lq Ohppd 6/ lw fdq eh vhhq wkdw qrz wkh vkdun uhshoohqw
lv h�hfwlyh djdlqvw udlghuv zlwk d wrhkrog

� 	
S

BE�� >n >K*qB�
� +45,

Wklv fxw0r� ydoxh iru � lv lqfuhdvlqj lq >/ wkdw lv/ hpsor|phqw surwhfwlrq whqgv
wr vwuhqjwkhq wkh h�hfw ri wkh vkdun uhshoohqw1 Lq Iljxuh 5/ wklv fruuhvsrqgv wr
dq lqfuhdvh ri wkh �vkdun uhshoohqw uhjlrq�1 Frqyhuvho| d uhgxfwlrq ri hpsor|phqw
surwhfwlrq pdnhv wkh uhjlrq vkulqn grzq wr wkh olplwlqj fdvh ri > ' f= zlwk qr
hpsor|phqw surwhfwlrq/ orqj0whup frqwudfwv fdqqrw eh xvhg wr ghwhu wdnhryhuv1

Wkh  ls vlgh ri d ghfuhdvh lq hpsor|phqw surwhfwlrq lv dq h{sdqvlrq ri wkh
�wdnhryhu uhjlrq�/ frqvlvwhqw zlwk hylghqfh iru wkh RHFG frxqwulhv1 Sdjdqr dqg
Yroslq +5334, vkrz wkdw wkh qxpehu ri phujhuv dqg dftxlvlwlrqv +qrupdol}hg e| srs0
xodwlrq dqg dyhudjhg ryhu 4<<30<:, lv qhjdwlyho| fruuhodwhg zlwk wkh RHFG phdvxuh
ri hpsor|phqw surwhfwlrq1

H17 Hqgrjhqrxv Wrhkrog

Lq wkh prgho suhvhqwhg lq Vhfwlrq L/ wkh irxqghu lqlwldoo| fkrrvhv wkh vwdnh q ri
wkh lqfxpehqw pdqdjhu dqg vhoov wkh uhpdlqlqj vkduhv1 Krzhyhu/ wkh irxqghu pd|
d�hfw dovr wkh vl}h ri wkh udlghu*v wrhkrog � e| vhoolqj d vwdnh wr d odujh eorfnkroghu/
zkr pd| odwhu ehfrph d udlghu ru vhoo wr d udlghu1

Wr dgguhvv wklv srvvlelolw|/ lq wklv vhfwlrq zh frqvlghu wkh h{wuhph fdvh lq zklfk
wkh irxqghu fdq fkrrvh erwk q dqg � wr pd{lpl}h klv xwlolw| �8 ' E��q���T n�R-/
zkhuh R- ghqrwhv wkh sulfh fkdujhg e| wkh irxqghu wr wkh srwhqwldo udlghu dw | ' f1
Uhfdoo wkdw wkh ydoxh ri wkh �up T ghshqgv erwk rq q dqg � yld wkh wdnhryhu jdph dqg
wkh prqlwrulqj lqfhqwlyhv/ dv vkrzq e| htxdwlrq +<,1 Vlqfh erwk q dqg � duh frpprq
nqrzohgjh/ wkh irxqghu fdq idfh wkh udlghu zlwk d sulfh vfkhgxoh R- ' R-Eqc ��1
Dvvxplqj frpshwlwlrq dprqj srwhqwldo udlghuv/ wkh irxqghu zloo gulyh R-Eqc �� xs wr
wkh ohyho zkhuh udlghuv duh lqgl�huhqw zkhwkhu wr ex| wkh wrhkrog ru qrw1

Xqghu wkhvh dvvxpswlrqv/ lw lv hdv| wr vkrz wkdw=
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Sursrvlwlrq 6 +Rswlpdo Wrhkrog, Wkh rswlpdo rzqhuvkls vwuxfwxuh lv=

EqWc �W� '

;A?
A=

Efc qS*K� li K : S +frqwhvwdeoh frqwuro,/

EK*Bc f� li K 9 S dqg EK*B�T� 9 B +lqwhuqdo lqfhqwlyhv,/

Efc f� rwkhuzlvh +hqwuhqfkphqw,1

+46,

Surri= Vhh Dsshqgl{1

Lq frqwudvw wr wkh edvlf prgho/ qrz wkh irxqghu kdv wkh rssruwxqlw| wr fkrrvh
ehwzhhq wzr gl�huhqw lqfhqwlyh vfkhphv= wkh lqwhuqdo htxlw| vwdnh ri wkh lqfxpehqw
+q, dqg wkh pdunhw iru frusrudwh frqwuro +�,1 Sursrvlwlrq 6 vwdwhv wkdw li wkh frvw ri
wdnhryhuv lv orz uhodwlyh wr wkh sulydwh ehqh�wv ri lqfxpehqwv +K : S,/ wkh rswlpdo
jryhuqdqfh phfkdqlvp uholhv rq wrhkroghuv/ ehfdxvh dq dfwlyh pdunhw iru frusrudwh
frqwuro lv fkhdshu wkdq dq lqwhuqdo lqfhqwlyh vfkhph1 Li lqvwhdg wkh frvw ri krvwloh
wdnhryhuv lv kljk frpsduhg wr wkh sulydwh ehqh�wv ri lqfxpehqwv +K 9 S,/ lw lv fkhdshu
wr lqfhqwlyl}h wkh h{lvwlqj pdqdjhphqw/ surylghg wkh frvw ri wkhvh lqwhuqdo lqfhqwlyhv
grhv qrw h{fhhg wkh lpsolhg ydoxh lpsuryhphqw +EK*B�T� 9 B,1 Rwkhuzlvh/ wkh ehvw
dowhuqdwlyh lv vlpso| wr dffhsw pdqdjhuldo hqwuhqfkphqw1

Wklv uhvxow �wv wkh hyroxwlrq ri XV frusrudwh jryhuqdqfh lq wkh odvw wzr ghfdghv1
Wkh 4<;3v ihdwxuhg d odujh zdyh ri krvwloh wdnhryhuv dqg uhvwuxfwxulqj dfwlylw|/ zkloh
wkh 4<<3v vdz d gudpdwlf lqfuhdvh lq h{hfxwlyh shuirupdqfh0uhodwhg frpshqvdwlrq
vfkhphv dqg d yluwxdo glvdsshdudqfh ri krvwloh wdnhryhuv1 Kropvwuùp dqg Ndsodq
+5334, dujxh wkdw wklv vkliw iurp pdunhw0edvhg wr lqwhuqdo lqfhqwlyh vfkhphv zdv
gulyhq e| fkdqjhv lq uhjxodwlrq wkdw pdgh krvwloh wdnhryhuv pruh frvwo|1 Wklv lv
suhflvho| zkdw Sursrvlwlrq 6 suhglfwv dv d uhvxow ri dq lqfuhdvh ri wkh sdudphwhu S1

Sursrvlwlrq 6 dovr vkrzv wkdw hyhq zkhq zh hqgrjhql}h wkh fkrlfh ri � / wkhuh duh
fdvhv lq zklfk lqfxpehqwv hqwuhqfk wkhpvhoyhv dqg gr qrw h{huw kljk prqlwrulqj1
Wklv kdsshqv zkhq erwk wkh wdnhryhu frvw dqg sulydwh ehqh�wv duh vr kljk frpsduhg
zlwk wkh jdlqv iurp pdqdjhuldo h�ruw wkdw qhlwkhu wkh pdunhw iru frusrudwh frqwuro
qru lqwhuqdo lqfhqwlyh vfkhphv duh frvw0h�hfwlyh= wkh irxqghu zloo �qg lw rswlpdo wr
vhw qW ' f dqg � W ' f zkhq K 9 S dqg EK*B�T� : B1

H18 Pdqdjhuldo Zhdowk dqg Dowhuqdwlyh Lqfhqwlyh Phfkdqlvpv

Vr idu zh kdyh dvvxphg wkdw pdqdjhuv kdyh qr zhdowk dqg qr ghew fdsdflw|/ dqg
wkdw wkh rqo| pdqdjhuldo lqfhqwlyh phfkdqlvp lv wkhlu htxlw| vwdnh lq wkh frpsdq|1
Li hlwkhu dvvxpswlrq lv uhod{hg/ lw ehfrphv hdvlhu wr uhdoljq wkh pdqdjhu*v remhfwlyh
zlwk wkdw ri h{whuqdo vkduhkroghuv/ dqg wkhuhiruh wr suhyhqw pdqdjhuldo hqwuhqfkphqw1
Zh vkrz wklv uhvxow iru � 	 qS*K/ vlqfh zlwk d odujhu wrhkrog wkh djhqf| sureohp lv
vroyhg dw qr frvw iru wkh irxqghu e| wkh krvwloh wdnhryhu phfkdqlvp1

Frqvlghu �uvw wkh fdvh zkhq dw | ' f pdqdjhuv kdyh srvlwlyh zhdowk �1 Dv0
vxph wkdw wkh irxqghu fdq vhohfw wkh �up*v pdqdjhu iurp d jurxs ri lghqwlfdo dqg
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frpshwlqj fdqglgdwhv1 Kh zloo zdqw wr h{wudfw wkh odujhvw srvvleoh sd|phqw iru
wkh pdqdjhu*v vwdnh q/ wkh rqo| olplw ehlqj lwv pdunhw sulfh qT 1 Li wkh pdqdjhu
lv vx!flhqwo| ulfk/ wkh irxqghu zloo vhw q A K*B/ vlqfh wklv holflwv kljk prqlwrulqj
dqg wkhuhiruh pd{lpl}hv wkh �up*v ydoxh1 Khqfh/ wkh djhqf| sureohp glvdsshduv li
� A EK*B�T�1

Li wkh pdqdjhu*v zhdowk idoov vkruw ri wklv wkuhvkrog/ wkh irxqghu fkrrvhv zkhwkhu
vhoolqj wkh vwdnh K*B wr wkh pdqdjhu dw d glvfrxqw ru jlylqj klp d }hur vwdnh/ dq|
rwkhu rswlrq ehlqj grplqdwhg ehfdxvh lw zrxog qrw lqfhqwlyl}h wkh pdqdjhu1 Wkh
glvfrxqw pxvw htxdo dw ohdvw wkh gl�huhqfh ehwzhhq wkh pdunhw ydoxh ri wkh vwdnh
EK*B�T� dqg wkh pdqdjhu*v zhdowk �1 Wkh irxqghu zloo frpsduh wklv glvfrxqw zlwk
wkh fdslwdo jdlq iurp prqlwrulqj B= kh zloo vhoo wkh vwdnh K*B wr wkh pdqdjhu iru d
sulfh � rqo| li EK*B�T� � � 9 B1 Rwkhuzlvh/ kh zloo jlyh qr vkduhv wr wkh pdqdjhu1
Khqfh/ wkh rswlpdo pdqdjhuldo htxlw| vwdnh ehfrphv=

qW '

+
K*B li � A EK*B�T� � Bc

f rwkhuzlvh1
+47,

H{suhvvlrq +47, vkrzv wkdw wkh lpsdfw ri pdqdjhuldo zhdowk � lv wr h{sdqg wkh
sdudphwhu uhjlrq zkhuh wkh irxqghu lqfhqwlyl}hv wkh pdqdjhu1 Wklv uhgxfhv wkh
uhjlrq lq zklfk wkh pdqdjhu uhfhlyhv d }hur vwdnh dqg wkhuhiruh lv lqgxfhg wr hqwuhqfk
klpvhoi yld wkh hpsor|phqw srolf|1

Wkh iruhjrlqj dujxphqw qhjohfwv wkh srvvlelolw| wkdw wkh pdqdjhu pd| ohyhudjh
klv zhdowk � wr dftxluh vkduhv iurp wkh irxqghu1 Exw hyhq li wkh pdqdjhu lv doorzhg
wr eruurz/ lq wklv prgho prudo kd}dug vhwv dq hqgrjhqrxv olplw wr klv ghew fdsdflw|1
D ohqghu pxvw frqvlghu wkdw/ li wkh pdqdjhu lv wr pdnh d ghew uhsd|phqw (/ klv
lqfhqwlyh frqvwudlqw ehfrphv=

4@ 

�
fc

K

B
T� �(

�
A 4@ 

�
fc

K

B
Tf �(

�
n K� +48,

Lq zrugv/ wkh pdqdjhu*v qhw zruwk zlwk kljk prqlwrulqj pxvw h{fhhg klv qhw zruwk
zlwk orz prqlwrulqj +li srvlwlyh, soxv klv sulydwh ehqh�w1 Wklv frqvwudlqw lv vdwlv�hg
rqo| li ( 9 EK*B�Tf1 Dvvxplqj d }hur lqwhuhvw udwh/ wkh pdqdjhu*v ghew fdsdflw|
lv EK*B�Tf/ vr wkdw wkh pd{lpdo vxp wkdw kh fdq lqyhvw lq wkh �up dw | ' f lv
�nEK*B�Tf1 Wkhuhiruh/ wkh pdqdjhu fdq dftxluh wkh vwdnh K*B dw pdunhw sulfhv rqo|
li �nEK*B�Tf� EK*B�T� ' �� K A f/ wkdw lv/ li klv zhdowk h{fhhgv klv sulydwh ehqh�w1
Khqfh/ wdnlqj lqwr dffrxqw wkdw ghew fdsdflw| h{sdqgv wkh uhvrxufhv dydlodeoh wr wkh
pdqdjhu dw | ' f/ klv rswlpdo htxlw| vwdnh ehfrphv=

qW '

+
K*B li � A 4�?dEK*B�T� � Bc Koc

f rwkhuzlvh1
+49,

Frpsdulqj wklv h{suhvvlrq zlwk +47,/ lw lv lpphgldwh wkdw wkh sdudphwhu uhjlrq zkhuh
wkh djhqf| sureohp shuvlvwv vkulqnv1
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Fohduo|/ hyhq eruurzlqj rq wkh pdunhw grhv qrw vroyh wkh sureohp frpsohwho|1
Krzhyhu/ wkh irxqghu fdq vroyh lw frpsohwho| e| xvlqj dq| ri wkh iroorzlqj htxlydohqw
phfkdqlvpv=

+l, surylglqj ghew dw d glvfrxqw K�� wr hqdeoh wkh pdqdjhu wr ex| wkh vwdnh K*B
ru vhoo wkh vwdnh wr wkh pdqdjhu dw wkh vdph glvfrxqw>

+ll, jlylqj wr wkh pdqdjhu rswlrqv zlwk vwulnh sulfh Tf wkdw hqwlwoh klp wr d vwdnh
K*B/ lq h{fkdqjh iru d lqlwldo sd|phqw �>

+lll, hqwlwolqj wkh pdqdjhu wr d erqxv K frqglwlrqdo rq wkh frpsdq| ehlqj zruwk
dw ohdvw T�/ lq h{fkdqjh iru d lqlwldo sd|phqw �1

Doo ri wkhvh phfkdqlvpv hqwdlo wkh vdph frvw K � � dqg wkh vdph jdlq B iru
wkh irxqghu1 Vlqfh K 	 B e| Dvvxpswlrq 5/ wkh| doo surgxfh d qhw jdlq iru wkh
irxqghu/ lqghshqghqwo| ri wkh pdqdjhu*v zhdowk1 Dowkrxjk wkhvh lqfhqwlyh vfkhphv
vroyh wkh djhqf| sureohp dqg wkxv suhyhqw pdqdjhuldo hqwuhqfkphqw lq wklv vhwwlqj/
wkh| doo kdyh frvwv wkdw frxog eh fdswxuhg lq d pruh jhqhudo prgho= ohyhudjh dqg
rswlrqv pd| lqgxfh h{fhvv ulvn0wdnlqj/ zkloh lqfhqwlyh frpshqvdwlrq vfkhphv dqg
rswlrqv pd| ohdg wr dffrxqwlqj iudxgv1 Wkh uhfhqw fdvhv ri Hqurq/ Zruogfrp/ dqg
Joredo Furvvlqj vkrzv wkdw wkhvh vkruwfrplqjv vhyhuho| olplw wkhvh lqfhqwlyh vfkhphv*
h�hfwlyhqhvv lq pd{lpl}lqj vkduh ydoxh1 Wkh uhfhqw fdvhv ri Hqurq/ Zruogfrp/ dqg
Joredo Furvvlqj vkrzv wkdw wkhvh vkruwfrplqjv vhyhuho| olplw wkhvh lqfhqwlyh vfkhphv*
h�hfwlyhqhvv lq pd{lpl}lqj vkduh ydoxh1 Suhflvho| zlwk uhihuhqfh wr wkhvh fdvhv/ wkh
Hfrqrplvw +Qry1 63/ 5335/ s1 8<, zulwhv= �Jlyhq jhqhurxvo| lq wkh 4<<3v lq wkh
krsh wkdw wkh| zrxog doljq pdqdjhuv* lqwhuhvwv zlwk wkrvh ri vkduhkroghuv/ ^vkduh
rswlrqv` lq h�hfw prwlydwhg wkh xqvfuxsxorxv wr pdvvdjh wkhlu frpsdq|*v �jxuhv dqg
shuvxdgh wkhlu dxglwruv wr jr dorqj zlwk wkhp1 111 Lqvlghuv h{huflvhg wkhlu rswlrqv
ehiruh dffrxqwlqj ghfhlwv zhuh uhyhdohg dqg vkduh sulfhv froodsvhg1� Krzhyhu/ wdnlqj
h{solflwo| lqwr dffrxqw wkh olplwdwlrqv ri wkhvh dowhuqdwlyh lqfhqwlyh phfkdqlvpv lv
eh|rqg wkh vfrsh ri wklv sdshu1

LLL1 Zrunhuv dv Zklwh Vtxluhv

Vr idu/ hpsor|hhv zhuh wdnhq qrw wr sod| dq dfwlyh uroh lq �jkwlqj frusrudwh
udlghuv1 Lw lv wkh lqfxpehqw pdqdjhphqw wkdw ghvljqv wkhlu hpsor|phqw frqwudfwv
vr dv wr pdnh wkh frpsdq| d ohvv dooxulqj wdnhryhu wdujhw1 Dfwxdoo|/ krzhyhu/ hp0
sor|hhv fdq wdnh dq dfwlyh uroh/ frplqj wr wkh uhvfxh ri lqfxpehqw pdqdjhuv dv d
�zklwh vtxluh� � d iulhqgo| lqyhvwru zkr khosv ihqg r� d udlghu/ zlwkrxw klpvhoi wdnlqj
frqwuro1 Iluvw/ li zrunhuv rzq vkduhv wkh| fdq uhgxfh wkh fkdqfhv ri wkh wdnhryhu*v
vxffhvv e| wkhlu rzq uhvsrqvh wr wkh elg1 Khqfh/ e| vhwwlqj xs Hpsor|hh Vwrfn Rzq0
huvkls Sodqv +HVRSv,/ pdqdjhuv fdq surwhfw wkhlu rzq frqwuro1 Vhfrqg/ zrunhuv pd|
oree| djdlqvw krvwloh wdnhryhuv/ e| ghprqvwudwlqj/ prelol}lqj srolwlfldqv dqg dsshdo0
lqj wr wkh phgld1 Qdwxudoo|/ wkh odwwhu lv olnho| rqo| li zrunhuv douhdg| frqvwlwxwh dq
rujdql}hg suhvvxuh jurxs/ ohg iru lqvwdqfh e| wudgh xqlrqv1.
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D1 HVRSv

Pdq| hpsor|hh shqvlrq ixqgv lqyhvw vrph uhvrxufhv lq rzq frpsdq| vwrfn1 Phxo0
eurhn +5336, hvwlpdwhv wkdw wklv rffxuv lq 64 shufhqw ri XV sxeolf frpsdqlhv1 Dq
HVRS lv d yhklfoh zkhuhe| wkh hpsor|hu fdq pdnh wd{0ghgxfwleoh shqvlrq frqwulex0
wlrqv ri fdvk ru vwrfn lqwr d wuxvw1 Sduwlflsdqwv duh qrw wd{hg rq wkh frqwulexwlrqv
wkh| uhfhlyh xqwlo wkh| zlwkgudz wkhp iurp wkh sodq/ dqg duh uhtxluhg wr lqyhvw lq
wkh hpsor|hu*v vwrfn1

HVRSv kdyh jurzq gudpdwlfdoo| lq qxpehu/ iurp 4/934 lq 4<:7 wr 44/833 lq 5333
+Jdxjkdq/ 5335,1 Wkhlu srsxodulw| zdv gxh qrw rqo| wr wd{ ehqh�wv exw dovr wr
wkhlu xvhixoqhvv dv dq dqwl0wdnhryhu ghylfh lq wkh plg04<;3v1 Pdqdjhuv uhdol}hg wkdw
hpsor|hhv zhuh vwdeoh vkduhkroghuv dqg zrxog qrw eh olnho| wr vhoo rxw lq wkh frqwh{w
ri d krvwloh wdnhryhu/ odujho| wr surwhfw wkhlu mrev1 Dv Jdxjkdq +5335, qrwhv/ �d
wdujhw frusrudwlrq pd| xvh wkh HVRS dv d zklwh vtxluh e| sodflqj vwrfn lq wkh sodq�
+s1 6:7,1 Wkh dqwl0wdnhryhu srwhqwldo ri HVRSv zdv juhdwo| hqkdqfhg e| wkh exvlqhvv
frpelqdwlrq vwdwxwh lpsohphqwhg lq Ghodzduh lq 4<;:1 Wklv odz vwlsxodwhv wkdw li
d elgghu sxufkdvhv pruh wkdq 48( ri d �up*v vwdnh/ wkh elgghu pd| qrw frpsohwh
wkh wdnhryhu iru wkuhh |hduv xqohvv= +l, wkh elgghu sxufkdvhv dv pxfk dv ;8( ri wkh
wdujhw*v vkduhv> +ll, wzr0wklugv ri wkh vkduhkroghuv dssuryh wkh dftxlvlwlrq +h{foxglqj
wkh elgghu*v vkduhv,> +lll, wkh erdug ri gluhfwruv dqg wkh vkduhkroghuv ghflgh wr h{hpsw
wkhpvhoyhv iurp wkh surylvlrqv ri wkh odz1 Xqghu wklv vwdwxwh/ dq HVRS zlwk dw ohdvw
48 shufhqw ri wkh vkduhv fdq vxffhvvixoo| frxqwhu d krvwloh wdnhryhu1 Wklv vwudwhj| �
�uvw xvhg e| Srodurlg djdlqvw d krvwloh elg e| Vkdpurfn Kroglqjv � zdv lplwdwhg e|
pdq| rwkhu frpsdqlhv/ dv grfxphqwhg e| Udxk +5336,/ zkr �qgv wkdw wkh exvlqhvv
frpelqdwlrq vwdwxwhv ri wkh odwh 4<;3v kdg srvlwlyh h�hfwv rq hpsor|hh rzqhuvkls1H

Khuh/ zh prgli| wkh prgho suhvhqwhg lq Vhfwlrq L e| doorzlqj wkh pdqdjhu wr
vhw xs dq HVRS dw | ' �/ vhoolqj d vwdnh q` wr hpsor|hhv1 Zh dvvxph wkdw wklv
grhv qrw vljql�fdqwo| gloxwh h{lvwlqj vkduhkroghuv/ vlqfh zrunhuv sd| d sulfh forvh
wr wkh pdunhw sulfh1 Zh zloo vkrz wkdw wklv phfkdqlvp lv dw ohdvw dv h�hfwlyh lq
ghwhuulqj wdnhryhuv dv wkh hpsor|phqw0edvhg vkdun uhshoohqw dqdo|}hg lq Vhfwlrq LL1
Dffruglqjo| zh ljqruh wkh srvvlelolw| wkdw wkh pdqdjhu pd| dovr vljq orqj0whup oderu
frqwudfwv zlwk vrph hpsor|hhv1

Wr �qg wkh vxejdph shuihfw htxloleulxp ri wkh prgho/ zh vwduw zlwk wkh prq0
lwrulqj vwdjh dw | ' e1 Wklv lv dv ghvfulehg lq Vhfwlrq LL1D1b Li q 	 K*B/ zrunhuv
suhihu wkh lqfxpehqw pdqdjhu wr d udlghu ehfdxvh wkh odwwhu zrxog eh wrxjkhu lq
prqlwrulqj dqg zrxog uhgxfh wkhlu zdjhv iurp �U wr �U � B1 Lw lv wklv glvolnh iru wkh
wdnhryhu wkdw pdnhv hpsor|hhv h�hfwlyh doolhv iru wkh lqfxpehqw/ rqfh wkh| duh jlyhq
d vx!flhqw htxlw| vwdnh1 Lq zkdw iroorzv zh irfxv rq wkh fdvh lq zklfk q 	 K*B= wkh
dowhuqdwlyh fdvh lq zklfk q A K*B lv xqlqwhuhvwlqj ehfdxvh lq wkdw fdvh zrunhuv duh
lqgl�huhqw ehwzhhq wkh lqfxpehqw dqg wkh udlghu1

Frqvlghu qrz wkh wdnhryhu jdph dw | ' �1 Li wkh vkduhv rq wkh pdunhw zhuh
hqrxjk wr dftxluh frqwuro/ wkdw lv/ li �� q � q` A q/ wkh udlghu frxog wdnh ryhu wkh
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frpsdq| e| ex|lqj iurp glvshuvhg vkduhkroghuv dw d sulfh htxdo wr REq�1 Lq wklv fdvh
hpsor|hhv zrxog qrw eh slyrwdo wr wkh rxwfrph ri wkh wdnhryhu1 Exw li ��q�q` 	 q/
wkh udlghu fdq dftxluh frqwuro rqo| li zrunhuv vhoo wkhlu vwdnh wr klp1 Wr eh lqgxfhg
wr gr vr/ hpsor|hhv pxvw uhfhlyh dw ohdvw d sulfh R` wkdw frpshqvdwhv wkhp iru wkh
orzhu zdjh wkdw wkh udlghu zloo sd| wr wkhp1 Zh dvvxph wkdw dw wklv sulfh wkh| zloo
lqghhg vhoo wr wkh udlghu � wkdw lv/ wkh udlghu fuhdpv r� doo wkh edujdlqlqj vxusoxv e|
pdnlqj d wdnh0lw0ru0ohdyh0lw r�hu1 Wklv vfhqdulr lv wkh ohdvw idyrudeoh wr wkh wdnhryhu
ghwhuuhqfh ri wkh HVRS/ dqg rxu uhvxowv duh hdvlo| jhqhudol}hg wr fdvhv zkhuh zrunhuv
rewdlq d sduw ri wkh edujdlqlqj vxusoxv1 Wkh zrunhuv* xwlolw| li wkh| gr qrw whqghu lv
wkh vdph dv xqghu wkh lqfxpehqw*v frqwuro=

L` Eqr whqghu� ' q` E+� � �U� n �U c +4:,

wkdw lv/ wkh ydoxh ri wkhlu htxlw| vwdnh q` E+���U� soxv wkhlu zdjh �U 1 Li wkh| whqghu/
wkh wdnhryhu vxffhhgv dqg wkhlu xwlolw| xqghu wkh udlghu*v frqwuro ehfrphv=

L` Ewhqghu� ' q`R` n �U � Bc +4;,

wkdw lv/ wkh ydoxh ri wkhlu htxlw| vwdnh q`R` soxv wkhlu zdjh �U � B1 Wkhuhiruh/ wkh|
whqghu rqo| dw d sulfh wkdw pdnhv wkhp lqgl�huhqw ehwzhhq vhoolqj dqg qrw vhoolqj=

R` ' E+� � �U� n B*q` � +4<,

Qdwxudoo|/ wkh sulfh R` h{fhhgv wkh srvw0wdnhryhu sulfh R ' +� � �U n B= zrunhuv
h{wudfw d frqwuro suhplxp iurp wkhlu eorfn vdoh1 Li wkh vxp ri wkh udlghu*v wrhkrog
� dqg wkh zrunhuv* vwdnh q` idoov vkruw ri wkh frqwuro vwdnh q/ wkh udlghu pdnhv d
whqghu r�hu rq wkh pdunhw dw wkh sulfh R/ dqg klv �qdo kroglqj lv q- A q1

Jlyhq wklv rxwfrph/ wkh udlghu kdv qr lqwhuhvw lq wkh wdnhryhu li wkh suhplxp wr
zrunhuv/ q` ER` � R�/ h{fhhgv wkh fdslwdo jdlq rq wkh wrhkrog/ �B1 Xvlqj htxdwlrq
+4<, wkh suhplxp rq wkh zrunhuv* vwdnh q` ER` �R� ' E��q` �B1 Khqfh/ wkh udlghu*v
qhw jdlq iurp d wdnhryhu lv=

C.
- ' �B � E�� q` �Bc +53,

wkh vxshuvfulsw . lqglfdwlqj wkdw dq HVRS lv dvvxphg wr eh lq sodfh1 Wklv h{suhvvlrq
lv dozd|v qhjdwlyh/ vlqfh � 	 ��q` / vr wkdw dq HVRS dozd|v glvfrxudjhv d wdnhryhu1
Wklv rxwfrph vkrxog eh frpsduhg zlwk wkh fdvh zlwk qr HVRS1 Wkhq/ dv lq wkh
suhylrxv vhfwlrqv/ wkh udlghu*v qhw jdlq iurp wkh wdnhryhu lv

C- ' �B� +54,

Zkdw lv ohiw wr ghwhuplqh lv zkhq wkh pdqdjhu zloo duudqjh wkh HVRS dw | ' �1�f

Wkh iruhjrlqj glvfxvvlrq lpsolhv wkdw wkh HVRS pdwwhuv rqo| li �B : S dqg q 	 K*B=
lqghhg/ li �B 9 S/ wkhuh lv qr wdnhryhu wkuhdw> dqg li q A K*B/ hpsor|hhv duh lqgl�huhqw
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ehwzhhq wkh udlghu dqg wkh lqfxpehqw1 Li �B : S dqg q 	 K*B/ wkh pdqdjhu*v xwlolw|
zlwk wkh HVRS lv

�.
U ' qE+� � �U� n K +55,

dqg zlwkrxw wkh HVRS lv

�.
U ' qE+� � �U n B�� +56,

Wkxv klv jdlq iurp duudqjlqj wkh HVRS lv K � qB1 Wklv lv wkh vdph frqglwlrq xq0
ghu zklfk kh zrxog xvh orqj0whup oderu frqwudfwv wr ghwhu d wdnhryhu/ dv vwdwhg lq
Sursrvlwlrq 41 Lq frqfoxvlrq=

Sursrvlwlrq 7 +Ghihqvlyh HVRSv, Wkh pdqdjhu vhwv xs d ghihqvlyh HVRS +vhoo0
lqj d vwdnh q` : � � q � q wr zrunhuv, rqo| li klv vwdnh q 	 K*B dqg wkh udlghu*v
wrhkrog � : S*B1

Judsklfdoo|/ wkh htxloleulxp rxwfrph lv vlplodu wr wkh rqh uhsuhvhqwhg lq Iljxuh
51 Lq wkh duhd rq wkh uljkw ri q ' K*B/ wkh lqfxpehqw grhv qrw fuhdwh dq HVRS1 Lq
wkh duhd rq wkh ohiw ri q ' K*B/ wkh lqfxpehqw fuhdwhv dq HVRS li � : S*B/ wkhuhe|
uhgxflqj wkh suredelolw| ri d wdnhryhu> lqvwhdg/ kh grhv qrw li � 9 S*B/ ehfdxvh lq wklv
fdvh wkhuh lv qr wdnhryhu wkuhdw1 Wkh rqo| gl�huhqfh e| frpsdulvrq zlwk orqj0whup
oderu frqwudfwv olhv lq wkh gl�huhqwldo h�hfwlyhqhvv ri wkh wzr dqwl0wdnhryhu ghylfhv=
wkh h�hfwlyhqhvv ri HVRSv dv wdnhryhu ghwhuuhqw lv vxshulru wr wkdw ri orqj0whup oderu
frqwudfwv1 Dv vkrzq lq Iljxuh 5/ orqj0whup frqwudfwv suhyhqwv wkh wdnhryhu rqo| li
� 	 qS*K1 Wkh HVRS lqvwhdg ghwhuv wdnhryhuv hyhq zkhq � A qS*K= wkh �krvwloh
wdnhryhu� uhjlrq glvdsshduv1 Wklv lv ehfdxvh zrunhuv h{wudfw iurp wkh udlghu doo wkh
wdnhryhu jdlqv/ dfwlqj dv d vlqjoh vwudwhjlf vhoohu1��

Sursrvlwlrq 7 suhglfwv wkdw dq HVRS zloo eh sxw lq sodfh rqo| zkhq wdnhryhu
frvwv duh uhodwlyho| orz +S 	 �B,/ vlqfh rwkhuzlvh wkh wdnhryhu zrxog qrw eh d uhdo
wkuhdw1 Wklv lv frqvlvwhqw zlwk XV hylghqfh1 Gudzlqj rq d 460|hdu sdqho ri gh�qhg
frqwulexwlrq dvvhw doorfdwlrq gdwd/ Udxk +5336, �qgv wkdw zkhq d vwdwh lqwurgxfhv
dqwl0wdnhryhu ohjlvodwlrq/ hpsor|hh rzqhuvkls ri �upv lqfrusrudwhg lq wkdw vwdwh gh0
folqhv uhodwlyh wr rwkhu �upv1 Kh hvwlpdwhv wkdw wkh ydolgdwlrq ri wkh srlvrq sloo
wkurxjk Ghodzduh fdvh odz lq wkh plg04<<3v eurxjkw d vwdwlvwlfdoo| vljql�fdqw uh0
gxfwlrq ri hpsor|hh vkduh rzqhuvkls/ udqjlqj ehwzhhq 316 dqg 41: shufhqwdjh srlqwv
ghshqglqj rq wkh prgho xvhg1

Wkh prgho dovr suhglfwv wkdw HVRSv uhgxfh frpsdq| ydoxh e| suhyhqwlqj ydoxh0
hqkdqflqj wdnhryhuv/ dqg wkdw wkh| vxevwlwxwh iru rwkhu dqwl0wdnhryhu vfkhphv1 Wkhvh
suhglfwlrqv duh frqvlvwhqw zlwk d odujh erg| ri hylghqfh1 Iluvw/ Fkdsolqvn| dqg
Qlhkdxv +4<<7, dqg Ehdww| +4<<8, vkrz wkdw HVRSv whqg wr uhgxfh wkh olnholkrrg
ri wdnhryhu dwwhpswv1 Sdun dqg Vrqj +4<<8, dqg Fkdqj +4<<3, grfxphqw d qhjdwlyh
vwrfn sulfh uhdfwlrq wr HVRSv1 Vhfrqg/ Fkdsolqvn| dqg Qlhkdxv +4<<7, dqg Sdun
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dqg Vrqj +4<<8, vkrz wkdw HVRSv whqg wr vxevwlwxwh iru rwkhu dqwl0wdnhryhu vfkhphv1
Wklv pd| eh uhodwhg wr wkhlu juhdwhu ghwhuuhqfh h�hfw= lq frqwudvw zlwk srlvrq sloov/
zklfk duh irxqg wr eh lqh�hfwlyh e| Frpphqw dqg Vfkzhuw +4<<8,/ Udxk +5336,
hvwlpdwhv wkdw/ frqwuroolqj iru hqgrjhqhlw|/ wkh ghwhuuhqfh h�hfw ri HVRSv lv xs wr 5
shufhqwdjh srlqwv shu dgglwlrqdo shufhqw ri wkh �up rzqhg e| hpsor|hhv1

E1 Hpsor|hhv* Oree|lqj

Hyhq zkhq wkh| gr qrw rzq vkduhv/ zrunhuv pd| vwloo ghwhu krvwloh wdnhryhuv
e| oree|lqj djdlqvw wkh udlghu1 Wkhuh kdyh ehhq vhyhudo lqvwdqfhv ri vxfk dfwlrq
e| hpsor|hhv/ vrphwlphv rshqo| vrolflwhg e| wkh lqfxpehqw pdqdjhphqw1 H{dpsohv
rffxuuhg lq wkh frqwh{w ri wkh dwwhpswhg wdnhryhu ri Wk|vvhq DJ e| Nuxss0Krhvfk�2

dqg ri wkh elg iru Gdhzrr e| JP1�� Pruh h{dpsohv duh glvfxvvhg lq Sdjdqr dqg
Yroslq +5335,1

Lq wklv vhfwlrq/ zh vkrz krzzrunhuv* dqwl0wdnhryhu oree|lqj fdq eh lqwhjudwhg lqwr
wkh prgho suhvhqwhg lq Vhfwlrq L1 Wr wklv sxusrvh/ zh prgli| wkh prgho*v dvvxpswlrqv
e| srvlwlqj wkdw dw | ' 2 zrunhuv* oree|lqj fdq lqfuhdvh wkh frvw ri wdnhryhu iurp S
wr SE� n 0� dw d frvw 0,/ zkhuh 0 lv wkh oree|lqj lqwhqvlw| fkrvhq e| zrunhuv dqg , lv
d srvlwlyh frqvwdqw1

Dv lq Vhfwlrq LL/ li q 	 K*B dqg b 9 �� K*qB/ zrunhuv zlwk vkruw0whup frqwudfwv
suhihu wr ghdo zlwk wkh lqfxpehqw udwkhu wkdq d udlghu/ ehfdxvh wkh odwwhu fxwv wkhlu
zdjhv iurp �U wr �U � B1 Qdwxudoo|/ vkruw0whup zrunhuv zloo qrw hqjdjh lq d frvwo|
oree|lqj dfwlylw| li � 	 Sq*K/ vlqfh lq wklv fdvh wkhuh zloo eh qr wdnhryhu dq|zd|1 Lq
rwkhu zrugv/ li wkh �vkdun uhshoohqw� lv rshudwlrqdo/ wkhuh lv qr qhhg iru zrunhuv wr
hqjdjh lq oree|lqj1

Vxssrvh lqvwhdg wkdw � A Sq*K1 Lq wklv fdvh/ wkh orqj0whup frqwudfwv r�huhg e| wkh
lqfxpehqw dorqh zrxog qrw eh vx!flhqw wr gh hfw wkh wdnhryhu wkuhdw1 Krzhyhu/ zh
vkdoo vhh wkdw/ frpelqhg zlwk hpsor|hhv* oree|lqj/ orqj0whup frqwudfwv pd| uhfryhu
wkhlu h�hfwlyhqhvv lq suhyhqwlqj wdnhryhuv1 Wkh udlghu*v qhw jdlq iurp wkh wdnhryhu lv

C- � E� n 0�S ' E�� b��B � E� n 0�S� +57,

Zrunhuv fdq ghwhu wkh wdnhryhu e| vhwwlqj 0 ' dE�� b��B � So*S1 Wkh| fkrrvh wr gr
vr rqo| li wkh ehqh�w ri ghwhuulqj wkh wdnhryhu/ B/ h{fhhgv wkh frvw ri oree|lqj/ ,01
Wkdw lv/ zrunhuv fdq ghwhu udlghuv zkrvh wrhkrog lv

� 9 SE, n B�*d,E�� b�Bo� +58,

Wr �qg zkhwkhu zrunhuv fkrrvh wr oree| srolwlfldqv/ zh kdyh wr frpsduh wklv frq0
glwlrq zlwk wkh lqlwldo uhvwulfwlrq � A Sq*K/ xqghu zklfk wkh udlghu lv qrw do0
uhdg| ghwhuuhg e| orqj0whup oderu frqwudfwv1 Zrunhuv oree| srolwlfldqv rqo| li
Sq*K 9 � 9 SE, n B�*d,E�� b�Bo1 Wklv lqwhuydo lv qrw hpsw| rqo| li

, 9 BK*dqE�� b�B � Koc +59,
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lpso|lqj wkdw zrunhuv oree| srolwlfldqv rqo| zkhq wkh lpsolhg frvw lv vx!flhqwo| orz
frpsduhg wr wkh ehqh�w B1

Qrz zh wxuq wr wkh fkrlfh ri hpsor|phqw srolf| pdgh e| wkh lqfxpehqw dw | ' �1
Lq vhwwlqj b/ wkh lqfxpehqw wdnhv lqwr dffrxqw wkh vxevhtxhqw oree|lqj ghflvlrq e|
zrunhuv1 Kh zloo wu| wr lqgxfh oree|lqj e| fkrrvlqj b vr dv wr vdwlvi| frqglwlrq +59,=
wkh lqfxpehqw fdq suhyhqw d wdnhryhu e| fkrrvlqj b 9 ��SE,nB�*�,B1 Uhfdoo wkdw b
fdqqrw h{fhhg �� K*qB/ ohvw wkh udlghu fkrrvhv orz prqlwrulqj +dqg zrunhuv ehfrph
lqgl�huhqw ehwzhhq klp dqg wkh lqfxpehqw,1 Khqfh/ wkh frpelqdwlrq ri orqj0whup
frqwudfwv dqg oree|lqj ghwhuv udlghuv zlwk d wrhkrog=

� 	 SqE, n B�*K,� +5:,

Qrwlfh wkdw wklv frqglwlrq lv zhdnhu wkdq wkh frqglwlrq lq Sursrvlwlrq 4 wkdw
frqvlghuv rqo| wkh wdnhryhu ghwhuuhqfh ri orqj0whup frqwudfwv1 Lq rwkhu zrugv/ wkh
wzr phfkdqlvpv � orqj0whup frqwudfwv r�huhg e| pdqdjhuv dqg oree|lqj e| zrunhuv
� uhlqirufh hdfk rwkhu1 Wkh iroorzlqj sursrvlwlrq vxppdul}hv wkhvh uhvxowv=

Sursrvlwlrq 8 +Oree|lqj, Wdnhryhuv duh eorfnhg e| wkh lqfxpehqw*v hpsor|phqw
srolf| li q 	 K*B dqg � 5 ES*Bc Sq*K�1 Wkh| duh eorfnhg e| d frpelqdwlrq ri orqj0whup
frqwudfwv dqg oree|lqj li q 	 K*B dqg � 5 dSq*Kc SqE,nB�*K,�1 Wkh| fdqqrw eh eorfnhg
li q 	 K*B dqg � A SqE, n B�*K,/ dqg qhyhu rffxu rwkhuzlvh1

Zkloh wkh iruhjrlqj dujxphqw kljkoljkwv wkh vwudwhjlf frpsohphqwdulw| ri orqj0
whup frqwudfwv dqg oree|lqj/ lw vkrxog eh qrwlfhg wkdw hpsor|hhv* oree|lqj dfwlylw|
fdq ghwhu wdnhryhuv dovr lq wkh devhqfh ri orqj0whup frqwudfwv1 Wklv fdq eh vhhq e|
vhwwlqj b ' f lq frqglwlrq +59,= li , 9 BK*EqB�K�/ wkhq zrunhuv vwloo ghwhu udlghuv zlwk
d wrhkrog � 5 dSq*Kc SE,n B�*,B�1 Wklv lv sduwlfxoduo| lpsruwdqw lq vhwwlqjv zkhuh orz
hpsor|phqw surwhfwlrq pdnhv orqj0whup frqwudfwv lqh�hfwlyh dv dqwl0wdnhryhu ghylfh/
dv h{sodlqhg lq Vhfwlrq LL1H161

LY1 Frqfoxvlrqv

Zh kdyh vkrzq wkdw li pdqdjhphqw rzqv d vpdoo htxlw| vwdnh dqg ydoxhv juhdwo|
wkh ehqh�wv ri d txlhw olih/ pdqdjhuv dqg zrunhuv duh qdwxudo doolhv djdlqvw d wdnhryhu
wkuhdw1 Pdqdjhuv r�hu orqj0whup frqwudfwv wr jxdug djdlqvw udlghuv/ dqg zrunhuv duh
zloolqj wr wdnh dfwlrq wr surwhfw wkhlu kljk zdjhv1

Wkhuh duh wzr irufhv dw sod|1 Iluvw/ lq frpsdqlhv zkhuh srwhqwldo udlghuv kdyh
vpdoo wrhkrogv/ lqfxpehqwv fdq wxuq hpsor|hhv lqwr d �vkdun uhshoohqw� wkurxjk
orqj0whup oderu frqwudfwv wkdw pdnh wkh �up ohvv dwwudfwlyh1 Vhfrqg/ hpsor|hhv dfw
dv �zklwh vtxluhv� iru wkh lqfxpehqw pdqdjhuv/ uhvlvwlqj krvwloh wdnhryhuv wr surwhfw
kljk zdjhv dqg od{ vxshuylvlrq1 Xqolnh h{lvwlqj prghov ri lpsolflw frqwudfwv/ wklv

� 55 �



prgho surylghv d udwlrqdo edvlv iru wkh frqyhujhqfh ri lqwhuhvwv ehwzhhq zrunhuv dqg
lqfxpehqw pdqdjhuv1

Rxu prgho r�huv d qxpehu ri whvwdeoh suhglfwlrqv1 Iluvw/ dyhudjh hpsor|hh frp0
shqvdwlrq lv suhglfwhg wr fruuhodwh qhjdwlyho| zlwk wkh frqwuroolqj vkduhkroghu*v htxlw|
vwdnh/ lq frpsdqlhv wkdw duh qrw wdnhryhu wdujhwv1 Vhfrqg/ diwhu d wdnhryhu wkh qhz
pdqdjhuv fxw zdjhv dqg lqfuhdvh wkh lqwhqvlw| ri prqlwrulqj/ zkloh wkh vkduh sulfh
ulvhv fruuhvsrqglqjo|1 Wklug/ wr eh dq h�hfwlyh wdnhryhu ghwhuuhqw/ hpsor|phqw srolf|
uhtxluhv d fhuwdlq ghjuhh ri surwhfwlrq wr hpsor|hhv ylv0ã0ylv d srwhqwldo udlghu/ zklfk
lpsolhv wkdw krvwloh wdnhryhuv vkrxog eh ohvv iuhtxhqw lq frxqwulhv zlwk vwurqj hp0
sor|phqw surwhfwlrq1 Ilqdoo|/ zkhq hpsor|phqw srolf| lv qrw dq h�hfwlyh ghwhuuhqw/
pdqdjhuv zlwk d vpdoo htxlw| vwdnh dqg odujh frqwuro ehqh�wv fdq wuxvw hpsor|hhv wr
rssrvh krvwloh wdnhryhuv/ hlwkhu e| uhixvlqj wr vhoo wkhlu vkduhv wr d udlghu ru e| ore0
e|lqj djdlqvw wkh wdnhryhu1 Lq wkhvh flufxpvwdqfhv/ pdqdjhphqw zloo wu| wr duudqjh
dq HVRS wr yhvw zrunhuv zlwk htxlw| uljkwv1 Iru vrph ri wkhvh suhglfwlrqv/ h{lvwlqj
vwxglhv douhdg| surylgh hylghqfh wkdw lv frqvlvwhqw zlwk wkh prgho1 Rwkhu suhglfwlrqv
vwloo dzdlw hpslulfdo whvwlqj1
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Dsshqgl{= Surriv

Surri ri Ohppd 4= Wkh udlghu*v xwlolw| iurp wkh wdnhryhu htxdov

�- ' q-d+� � E�� b�E� n Se*^-�� b�uo n K � Uq-E�3b�B	K � Eq- � ��R +D4,

zkhuh q- lv wkh udlghu*v kroglqj diwhu wkh whqghu r�hu/ � lv wkh udlghu*v wrhkrog/ R
lv wkh sulfh sdlg/ Uq-E�3b�B	K lv dq lqglfdwru wkdw htxdov 4 li q-E� � b�B 	 K dqg 3
rwkhuzlvh/ dqg ^- lv jlyhq e| +7,1

AIurp Jurvvpdq dqg Kduw +4<;3, zh nqrz wkdw lq htxloleulxp h{lvwlqj vkduh0
kroghuv zloo dffhsw rqo| elgv dw ohdvw dv kljk dv wkh srvw0wdnhryhu sulfh1 Lq rxu prgho/
wkdw sulfh lv=

REq-� ' +� � E�� b�E� n Se*^-�� b�uc +D5,

zkhuh R lv d ixqfwlrq ri q- ehfdxvh ^- lv jlyhq e| +7,1 Qrwlfh wkdw R lv d zhdno|
lqfuhdvlqj ixqfwlrq ri wkh �qdo kroglqj q-1 Vlqfh wkh udlghu zloo qrw sd| pruh wkdq R
iru d �qdo kroglqj q-/ kh zloo slfn d srlqw rq wkh xszdug0vorslqj vxsso| fxuyh REq-�1

Iru R ' REq-�/ wkh udlghu*v xwlolw| +D4, vlpsol�hv wr

�-Eq-� ' � d+� � E�� b�E� n Se*^-�� b�uo n K � Uq-E�3b�B	K� +D6,

Wkh fkrlfh ri wkh udlghu lv wkhuhiruh

4@ 
q-

�-Eq-� v1w1 q- A q +D7,

zkhuh �-Eq-� lv jlyhq lq +D6,1 Wr vroyh wkh sureohp +D7,/ qrwlfh wkdw

�- '

+
� d+� � E�� b�E� n Se*^f�� b�uo n K li q- 	 K*E�� b�B

� d+� � E�� b�E� n Se*^��� b�uo li q- A K*E�� b�B
+D8,

Wkh gl�huhqfh ehwzhhq wkhvh wzr ydoxhv lv �E�� b�B � K1 Khqfh/ wkh xqfrqvwudlqhg
rswlpxp lv q- 	 K*E� � b�B li �E� � b�B 	 K dqg q- A K*E� � b�B li �E� � b�B A

K1 Krzhyhu/ wkh udlghu*v sureohp lv frqvwudlqhg e| wkh frqglwlrq q- A q dqg e|
dvvxpswlrq � 9 q1 Wkhuhiruh/ q- 5 dqc K*E�� b�Bo li q 	 K*E�� b�B/ dqg q- 5 dqc �o
li q A K*E�� b�B1 Lq erwk fdvhv/ wkh rswlpdo elgglqj sulfh lv REq�1 �

Surri ri Ohppd 6= Zh vroyh iru wkh lqfxpehqw*v rswlpdo fkrlfh ri b dw | ' �/
wdnlqj lqwr dffrxqw wkh udlghu*v rswlpdo uhvsrqvh dw | ' 21 Diwhu ghwhuplqlqj wkh
lqfxpehqw*v xwlolw| lq hdfk ri wkh wkuhh uhjlrqv ri Ohppd 5/ zh ghulyh wkh rswlpdo
hpsor|phqw srolf| e| frpsdulqj wkhvh xwlolw| ohyhov=

+l, Li q A K*E�� b�B/ wkhuh lv qr wdnhryhu wkuhdw1 Vlqfh wkh lqfxpehqw sd|v dqg
prqlwruv htxdoo| erwk vkruw0whup dqg orqj0whup hpsor|hhv/ kh lv lqgl�huhqw derxw
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wkh ydoxh ri b1 Xqghu rxu wlh0euhdnlqj dvvxpswlrq kh zloo vhw b ' f dqg klv xwlolw| lv
qE+� � � � Se*^��1

+ll, Li q A K*E�� b�B : q/ wkhq b fdq eh xvhg wr ghwhu wdnhryhuv lq fhuwdlq fdvhv1
Iluvw/ zh vkrz wkdw wkh lqfxpehqw zlvkhv wr ghwhu wdnhryhuv lq wklv uhjlrq/ dqg wkhq
zh ghwhuplqh wkh fdvhv lq zklfk kh fdq gr vr1 Wkh lqfxpehqw*v xwlolw| lq wklv uhjlrq
lv=

�U '

+
qE+� � � � Se*^f� n K li qr wdnhryhu rffxuv

qdE+� � � � Se*^f� n E�� b�Bo li d wdnhryhu rffxuv
+D9,

Frpsdulqj wkh wzr olqhv ri wklv h{suhvvlrq/ lw lv lpphgldwh wkdw wkh lqfxpehqw zlvkhv
wr ghwhu wkh wdnhryhu li K : qE�� b�B/ zklfk krogv e| dvvxpswlrq lq wklv uhjlrq1 Kh
fdq ghwhu wkh wdnhryhu dqg hqmr| xwlolw| ohyho qE+� � � � Se*^f� n K e| fkrrvlqj b
vr dv wr pdnh C- 9 S lq +;,1 Wklv dprxqwv wr vhwwlqj b A � � S*�B1 Wkhuhiruh/
li � 9 S*B/ wkh lqfxpehqw fdq ghwhu wkh wdnhryhu hyhq zlwk b ' f1 Li lqvwhdg
� : S*B/ suhyhqwlqj wkh wdnhryhu uhtxluhv d srvlwlyh b= b ' � � S*�B : f/ zklfk
lv frqvlvwhqw zlwk wkh erxqgdulhv ri wklv uhjlrq rqo| li S*� A K*q1 Rwkhuzlvh/ wkh
wdnhryhu fdqqrw eh suhyhqwhg1 Vlqfh wkh lqfxpehqw*v xwlolw| frqglwlrqdo rq d wdnhryhu
lv ghfuhdvlqj lq b/ lq wkh odwwhu fdvh/ wkh lqfxpehqw fkrrvhv b ' f/ hqmr|lqj d xwlolw|
ohyho qE+� � � � Se*^��1

+lll, Li K*E� � b�B : q/ wkh udlghu*v jdlq lv qrw d�hfwhg e| b1 Li K : S/ wkh
wdnhryhu rffxuv dqg wkh lqfxpehqw*v xwlolw| lv qE+� ��� Se*^f�/ zklfk lv orzhu wkdq
lq fdvh +ll,1 Li K 9 S/ wkh wdnhryhu grhv qrw rffxu dqg wkh lqfxpehqw*v xwlolw| lv
qE+� � � � Se*^f� n K1

Khqfh/ e| fkrrvlqj wkh �up*v hpsor|phqw srolf|/ wkh lqfxpehqw fdq fkrrvh eh0
wzhhq qE+� ��� Se*^f� n K dqg qE+� ��� Se*^��1 +Wkh grplqdwhg dowhuqdwlyh wkdw
rewdlqv zkhq K*E��b�B : q dqg K : S fdq eh uxohg rxw e| vhwwlqj b A ��K*qB1, Wkh
frpsdulvrq ehwzhhq wkh wzr xwlolw| ohyhov ghshqgv rq wkh vljq ri q� K*B1 Li q A K*B/
wkh lqfxpehqw fkrrvhv wr eh lq fdvh +l, zkhuh kh h{huwv kljk prqlwrulqj1 Khqfh/
wdnhryhuv duh qrw ydoxh0lqfuhdvlqj dqg bW ' f/ xqghu rxu wlh0euhdnlqj dvvxpswlrq1 Li
q 	 K*B/ wkh lqfxpehqw fkrrvhv wr eh lq fdvh +ll, zkhuh kh h{huwv orz prqlwrulqj dqg
zdqwv wr ghwhu wkh wdnhryhu1 Dv vhhq deryh/ kh fdq gr vr e| vhwwlqj bW ' f li � 9 S*B
dqg bW ' �� S*�B li � 5 ES*Bc Sq*K�1 Rwkhuzlvh/ iru � A Sq*K/ wkh lqfxpehqw fdqqrw
suhyhqw wkh wdnhryhu dqg wkhuhiruh fkrrvhv bW ' f1 �

Surri ri Sursrvlwlrq 6= Lq vroylqj wkh irxqghu*v pd{lpl}dwlrq sureohp/ zh exlog rq
wkh uhvxowv rewdlqhg lq Sursrvlwlrq 51 Dv vkrzq lq Vhfwlrq LL1G/ wkhuh duh wkuhh fdvhv=

+l, � A qS*K dqg q ' f/ zkhuh �8 ' E�� ��T� n �R-Eqc ��>
�e

+ll, � 	 qS*K dqg q ' K*B/ zkhuh �8 ' E�� K*B � ��T� n �R-Eqc ��>

+lll, � 	 qS*K dqg q ' f/ zkhuh �8 ' E�� ��Tf n �R-Eqc ��1

Wkh frpsdulvrq dprqj wkh wkuhh fdvhv ghshqgv rq wkh wrhkrog*v sulfh/ R-Eqc ��1
Uhfdoo wkdw wklv sulfh lv ghwhuplqhg frpshwlwlyho|1 Khqfh/ R-Eqc �� ' T � S*� li wkh
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wrhkroghu lv dqwlflsdwhg wr wdnh ryhu wkh frpsdq| +zklfk kdsshqv li � A qS*K, dqg
qhhgv wr eh frpshqvdwhg iru wkh wdnhryhu frvw S1 Wkh sulfh lv R-Eqc �� ' T li wkh
wrhkroghu lv dqwlflsdwhg qrw wr elg iru wkh frpsdq| +zklfk kdsshqv li � 	 qS*K,1

Dvvxplqj wkdw wkh irxqghu vhoov wkh vpdoohvw srvvleoh vwdnh wr wkh udlghu zkhq
lqgl�huhqw/ wkh wkuhh fdvhv dqg wkh dvvrfldwhg ohyhov ri wkh irxqghu*v xwlolw| duh=

+l, � ' qS*K dqg q ' f/ vr wkdw �8 ' T� � S +frqwhvwdeoh frqwuro,>

+ll, � ' f dqg q ' K*B/ vr wkdw �8 ' E�� K*B�T� +lqwhuqdo lqfhqwlyhv,>

+lll, � ' f dqg q ' f/ vr wkdw �8 ' Tf +hqwuhqfkphqw,1

Wkh frpsdulvrq ehwzhhq wkh wkuhh fdvhv ghshqgv rq zkhwkhu S lv juhdwhu ru vpdoohu
wkdq K1

Li S 	 K/ fdvh +l, lv ihdvleoh dqg grplqdwhv +lll, ehfdxvh B : S e| Dvvxpswlrq
61 Lw dovr grplqdwhv fdvh +ll,/ vlqfh wkh wdnhryhu frvw S lv vpdoohu wkdq wkh frvw
ri lqfhqwlyl}lqj wkh lqfxpehqw/ EK*B�T�1 Wr vhh zk|/ qrwh wkdw T� : B/ vr wkdw
EK*B�T� : K1

Li lqvwhdg S A K/ fdvh +l, lv qrw ihdvleoh1 Wkh udqnlqj ehwzhhq +ll, dqg +lll, ghshqgv
rq zkhwkhu wkh frvw ri lqfhqwlyl}lqj wkh lqfxpehqw/ EK*B�T�/ lv vpdoohu ru juhdwhu wkdq
wkh lpsolhg ehqh�w/ B1 �
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Uhihuhqfhv

Ehdww|/ Fduro D1/ 4<<8/ Wkh fdvk  rz dqg lqirupdwlrqdo h�hfwv ri hpsor|hh vwrfn
rzqhuvkls sodqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 6;/ 54405731

Ehfnhu/ Euldq H1/ 4<<8/ Xqlrq uhqwv dv d vrxufh ri wdnhryhu jdlqv dprqj wdujhw
vkduhkroghuv/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz 7</ 604<1

Ehuwudqg/ Pduldqqh/ dqg Vhqgklo Pxoodlqdwkdq/ 4<<</ Lv wkhuh glvfuhwlrq lq zdjh
vhwwlqjB D whvw xvlqj wdnhryhu ohjlvodwlrq/ UDQG Mrxuqdo ri Hfrqrplfv 63/ 86808871

Ehuwudqg/ Pduldqqh/ dqg Vhqgklo Pxoodlqdwkdq/ 5336/ Hqmr|lqj wkh txlhw olihB Fru0
srudwh jryhuqdqfh dqg pdqdjhuldo suhihuhqfhv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 444/
4376043:81

Ehwwrq/ Vdqgud/ dqg E1 Hvshq Hfner/ 5333/ Wrhkrogv/ elg mxpsv/ dqg h{shfwhg
sd|r�v lq wdnhryhuv/ Uhylhz ri Ilqdqfldo Vwxglhv 46/ ;740;;51

Ekdjdw/ Vdqmdl/ Dqguhl Vkohlihu dqg Urehuw Ylvkq|/ 4<<3/ Krvwloh wdnhryhuv lq wkh
4<;3v= Wkh uhwxuq wr frusrudwh vshfldol}dwlrq/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwly0
lw|= Plfurhfrqrplfv1 Uhsulqwhg lq U1 Urpdqr/ hg1/ Irxqgdwlrqv ri Frusrudwh Odz/
4<<6 +R{irug Xqlyhuvlw| Suhvv/ R{irug/ XN,1

Exunduw/ Plnh/ Ghqlv Jurpe/ dqg Idxvwr Sdqxq}l/ 4<<;/ Zk| kljkhu wdnhryhu suhpld
surwhfw plqrulw| vkduhkroghuv/ Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ 4:505371

Fdoyr/ Jxloohupr/ dqg Vwdqlvodz Zhoolv}/ 4<:;/ Vxshuylvlrq/ orvv ri frqwuro/ dqg wkh
rswlpxp vl}h ri wkh �up/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;9/ <760<851

Fhvsd/ Jlrydqql/ dqg Jldflqwd Fhvwrqh/ 5335/ Vwdnhkroghu dfwlylvp/ pdqdjhuldo hq0
wuhqfkphqw dqg wkh frqjuxhqfh ri lqwhuhvwv ehwzhhq vkduhkroghuv dqg vwdnhkroghuv/
Xqlyhuvlwdw Srpshx Ideud Zrunlqj Sdshu Qr1 9671

Fkdqj/ Vdh|rxqj/ 4<<3/ Hpsor|hh vwrfn rzqhuvkls sodqv dqg vkduhkroghu zhdowk=
Dq hpslulfdo lqyhvwljdwlrq/ Ilqdqfldo Pdqdjhphqw 4</ 7;08;1

Fkdsolqvn|/ Vxvdq1 dqg Juhjru| U1 Qlhkdxv/ 4<<7/ Wkh uroh ri HVRSv lq wdnhryhu
frqwhvwv/ Mrxuqdo ri Ilqdqfh 7</ 47840:31

Fkhpod/ Jloohv/ 5333/ Krog0xs/ vwdnhkroghuv dqg wdnhryhu wkuhdwv/ Zrunlqj Sdshu/
Xqlyhuvlw| ri Eulwlvk Froxpeld/ Pd|1

Frpphqw/ Urehuw/ dqg J1Zlooldp Vfkzhuw/ 4<<8/ Srlvrq ru sodfher= Hylghqfh rq wkh
ghwhuuhqfh dqg zhdowk h�hfwv ri prghuq dqwlwdnhryhu phdvxuhv/ Mrxuqdo ri Ilqdqfldo
Hfrqrplfv 6</ 60761

Iudqnv/ Mxoldq/ dqg Frolq Pd|hu/ 4<<;/ Edqn frqwuro/ wdnhryhuv/ dqg frusrudwh jry0
huqdqfh lq Jhupdq|/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 55/ 46;8047361

Jduyh|/ Jhudog W1/ dqg Qrho Jdvwrq/ 4<<:/ D wkhru| ri wkh rswlpdo frvw eduulhu wr
frusrudwh wdnhryhuv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6;/ 98:09:81
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Jdxjkdq/ Sdwulfn D1/ 5335/Phujhuv/ Dftxlvlwlrqv/ dqg Frusrudwh Uhvwuxfwxulqjv/ 6ug
hglwlrq/ Mrkq Zloh| ) Vrqv/ Lqf1= Qhz \run/ X1V1D1

Jlovrq/ Urqdog M1/ dqg Pdun M1 Urh/ 4<<</ Olihwlph hpsor|phqw= Oderu shdfh dqg
wkh hyroxwlrq ri Mdsdqhvh frusrudwh jryhuqdqfh/ Froxpeld Odz Uhylhz <</ 83;08731

Jrugrq/ Olool D1/ dqg Mrkq Srxqg/ 4<<3/ HVRSv dqg frusrudwh frqwuro/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv 5:/ 85808881

Jruwrq/ Jdu|/ dqg Iudqn D1 Vfkplg/ 5333/ Fodvv vwuxjjoh lqvlgh wkh �up= D vwxg|
ri Jhupdq frghwhuplqdwlrq/ QEHU Zrunlqj Sdshu Qr1 :<78/ Rfwrehu1

Jurvvpdq/ Vdqirug M1/ dqg Rolyhu Kduw/ 4<;3/ Wdnhryhu elgv/ wkh iuhh0ulghu sureohp/
dqg wkh wkhru| ri wkh frusrudwlrq/ Ehoo Mrxuqdo ri Hfrqrplfv 44/ 750971

Kdqvpdqq/ Khqu|/ 4<<9/ Wkh Rzqhuvkls ri Hqwhusulvh +Wkh Ehonqds Suhvv ri Kdu0
ydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ XVD,1

Khoozlj/ Pduwlq/ 5333/ Rq wkh hfrqrplfv dqg srolwlfv ri frusrudwh �qdqfh dqg fru0
srudwh frqwuro/ lq Frusrudwh Jryhuqdqfh= Wkhruhwlfdo dqg Hpslulfdo Shuvshfwlyhv/
hglwhg e| [1 Ylyhv +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN,1

Kroghuqhvv/ Fol�rug J1/ dqg Ghqqlv S1 Vkhhkdq/ 4<;8/ Udlghuv ru vdylrxuvB Wkh
hylghqfh rq vl{ frqwuryhuvldo lqyhvwruv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 47/ 88808:<1

Kropvwuùp/ Ehqjw U1/ dqg Vwhyh Q1 Ndsodq/ 5334/ Frusrudwh jryhuqdqfh dqg phujhu
dfwlylw| lq wkh X1V1= Pdnlqj vhqvh ri wkh 4<;3v dqg wkh 4<<3v/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv 48/ 45404771

Phxoeurhn/ Olvd/ 5336/ Frpsdq| vwrfn lq shqvlrq sodqv= Krz frvwo| lv lwB PLW/
xqsxeolvkhg pdqxvfulsw/ Pdufk1

Sdjdqr/ Pdufr/ dqg Sdror I1 Yroslq/ 5334/ Wkh srolwlfdo hfrqrp| ri frusrudwh jry0
huqdqfh/ FHSU Glvfxvvlrq Sdshu Qr1 59;51

Sdjdqr/ Pdufr/ dqg Sdror I1 Yroslq/ 5335/ Pdqdjhuv/ zrunhuv/ dqg frusrudwh frqwuro/
FHSU Glvfxvvlrq Sdshu Qr1 697<1

Sdun/ Vdqj \1/ dqg Prrq K1 Vrqj/ 4<<8/ Hpsor|hh vwrfn rzqhuvkls sodqv/ �up
shuirupdqfh/ dqg prqlwrulqj e| rxwvlgh eorfnkroghuv/ Ilqdqfldo Pdqdjhphqw 57/
850981

Udxk/ Mrvkxd G1/ 5336/ Rzq frpsdq| vwrfn lq gh�qhg frqwulexwlrq shqvlrq sodqv=
D wdnhryhu ghihqvhB PLW/ xqsxeolvkhg pdqxvfulsw/ Pd|1

Urvhww/ Mrvkxd J1/ 4<<3/ Gr xqlrq zhdowk frqfhvvlrqv h{sodlq wdnhryhu suhplxpvB
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 5:/ 59605;51

Vkohlihu/ Dqguhl/ dqg Odzuhqfh K1 Vxpphuv/ 4<;;/ Euhdfk ri wuxvw lq krvwloh
wdnhryhuv/ lq Frusrudwh Wdnhryhuv= Fdxvhv dqg Frqvhtxhqfhv/ hglwhg e| D1 Dxhu0
edfk/ 66089 +Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr/ Loolqrlv/ XVD,1
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• Manager sets 
fraction λ of 
long-term 
contracts and 
long-term 
wage wL.  

 

• Investor with 
toehold τ may 
launch a tender 
offer.  

• He gets control 
if he owns the 
control stake 
after the tender 
offer. 

• Manager (or 
raider) can 
renegotiate 
labor contracts 
with short-term 
workers. 

. 
 

• Workers set 
effort level. If 
high, their 
productivity 
grows by ∆y. 

• Manager (or 
raider) monitors 
with intensity q. 

• Output is produced. 
• Wages and 

dividends are paid. 

0 1 2 3 4 

t 

• Founder chooses 
the manager’s  
stake β and sells 
remaining shares 
to dispersed 
investors.  
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Qrwhv
4Yhu| ihz vwxglhv lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq oderu frqwudfwv dqg frusrudwh frqwuro1

Vkohlihu dqg Vxpphuv +4<;;, sursrvh d ylhz ri krvwloh wdnhryhuv dv euhdfklqj lpsolflw frqwudfwv
ehwzhhq lqfxpehqw pdqdjhuv dqg zrunhuv1 Jduyh| dqg Jdvwrq +4<<;, irupdol}h wklv ylhz/ exw � olnh
Vkohlihu dqg Vxpphuv wkhpvhoyhv � gr qrw h{sodlq zk| lqfxpehqwv kdyh dq lqfhqwlyh wr vwlfn wr oderu
frqwudfwv wkdw udlghuv kdyh wkh lqfhqwlyh wr euhdfk1 Pruh uhfhqwo|/ Fkhpod +5333, lqyhvwljdwhv wkh
lpsdfw ri wdnhryhu wkuhdwv rq orqj0whup oderu uhodwlrqv/ dqg sduwlfxoduo| vwdnhkroghuv* lqyhvwphqw1
Rwkhuv kdyh vwxglhg wkh frqqhfwlrq ehwzhhq oderu0pdqdjhphqw uhodwlrqv dqg frusrudwh jryhuqdqfh
lq sduwlfxodu frqwh{wv/ vxfk dv Jhupdq frghwhuplqdwlrq +Jruwrq dqg Vfkplg/ 5333,/ Mdsdqhvh
olihwlph hpsor|phqw sudfwlfhv +Jlovrq dqg Urh/ 4<<<, ru hpsor|hh0rzqhg frusrudwlrqv +Kdqvpdqq/
4<<9, 1

5D �zklwh vtxluh� ghqrwhv �d iulhqgo| frpsdq| ru lqyhvwru wkdw sxufkdvhv dq lqwhuhvw lq wkh
wdujhw ri d krvwloh elg�/ srvvleo| wr ghwhu wkh wdnhryhu +Jdxjkdq/ 5335/ s1 934,1 Lw gl�huv iurp d
�zklwh nqljkw�/ zkr lv d iulhqgo| lqyhvwru wkdw wdnhv ryhu d frpsdq| lqvwhdg ri wkh udlghu1

6Wkh pdqdjhphqw fdqqrw �uh zrunhuv zlwkrxw �mxvw fdxvh�/ l1h1 xqohvv ghprqvwudwhg vklunlqj1
Wkh zrunhuv ohdylqj wkh �up dw wklv vwdjh fdq rewdlq wkh uhvhuydwlrq zdjh z hovhzkhuh1 Wkhuhiruh/
udwkhu wkdq �ulqj wkh zrunhuv fdxjkw vklunlqj/ wkh pdqdjhu pd| htxlydohqwo| uhqhjrwldwh wkhlu vdodu|
grzq wr wkh frpshwlwlyh ohyho z1

7Zlwkrxw orvv ri jhqhudolw|/ zh dovr lqwurgxfh wkh iroorzlqj wlh0euhdnlqj dvvxpswlrqv= zkhq
lqgl�huhqw/ +l, wkh udlghu grhv qrw elg iru wkh frpsdq|> +ll, vkduhkroghuv uhvsrqg wr d whqghu r�hu
e| vhoolqj wkhlu vkduhv> +lll, wkh lqfxpehqw suhihuv uholqtxlvklqj frqwuro wkdq uhwdlqlqj lw> +ly, wkh
lqfxpehqw fkrrvhv wkh orzhvw iudfwlrq ri orqj0whup hpsor|hhv �> +y, erwk wkh lqfxpehqw dqg wkh
udlghu zdqw zrunhuv wr h{huw h�ruw> +yl, wkh| erwk fkrrvh kljk udwkhu wkdq orz prqlwrulqj> dqg +yll,
zrunhuv suhihu wr h{huw h�ruw1

8Lq sulqflsoh/ wkh zdjh zO vhw dw w @ 4 e| wkh lqfxpehqw pd| eh wrr orz wr vdwlvi| wkh zrunhu*v
lqfhqwlyh frpsdwlelolw| frqglwlrq +4,1 Lq wkdw fdvh/ wkh fxuuhqw pdqdjhu fdq lqfuhdvh wkh zdjh wr
vdwlvi| wklv frqvwudlqw1 Krzhyhu/ zh vkdoo vhh ehorz wkdw wkh zdjh zO zloo phhw wklv frqvwudlqw zlwk
htxdolw| li wkh lqfxpehqw uhwdlqv frqwuro/ dqg zlwk vodfn li wkh udlghu jdlqv frqwuro=

9Qrwlfh wkdw/ hyhq li kh kdg dq| zhdowk/ wkh lqfxpehqw zrxog kdyh qr lqfhqwlyh wr ghihqg klv
frqwuro e| lqfuhdvlqj klv htxlw| vwdnh � deryh e@�/ wkhuhe| prylqj lqwr wkh �kljk prqlwrulqj2qr
wdnhryhu uhjlrq�1 Vxfk dq lqfuhdvhg vwdnh zrxog lqgxfh wkh lqfxpehqw klpvhoi wr h{huw kljk prql0
wrulqj1 Vlqfh wkh vwrfn sulfh zrxog uh hfw wkh lqfuhdvhg prqlwrulqj/ wkh lqfxpehqw zrxog jdlq ��
+wkh dssuhfldwlrq ri klv lqlwldo vwdnh, dqg orvh e +klv sulydwh ehqh�wv,1 Wklv zrxog dprxqw wr d qhw
orvv/ klv lqlwldo vwdnh ehlqj � ? e@�=

:D frxqwhuydlolqj idfwru pd| eh dw zrun li wkh yldelolw| ri wkh �up lv dw vwdnh1 Lq wklv fdvh/ d
udlghu pd| �qg vrph vxssruw dprqj zrunhuv lqvridu dv kh r�huv ehwwhu mre vhfxulw|/ hyhq wkrxjk
kh sd|v orzhu zdjhv1 Wklv srvvlelolw| grhv qrw dulvh lq rxu prgho/ ehfdxvh zh uxoh rxw edqnuxswf|1

;Wkrxjk sulpdulo| xvhg e| X1V1 frusrudwlrqv/ ghihqvlyh HVRSv duh qrw xqnqrzq lq Hxursh1
Lq 4<<</ wkh idvklrq frpsdq| Jxffl idfhg d krvwloh wdnhryhu elg e| lwv Iuhqfk frpshwlwru OYPK1
Jxffl*v pdqdjhphqw fuhdwhg dq HVRS/ zlwk wkh lqwhqw ri gloxwlqj wkh OYPK vwdnh dqg ri hqolvwlqj
hpsor|hhv* vxssruw djdlqvw wkh elg1 Zrunhuv djuhhg wr lqyhvw wkhlu vhyhudqfh sd| ixqg lq Jxffl*v
vwrfn/ dqg wkh wdnhryhu zdv ghihdwhg/ dowkrxjk dq Dpvwhugdp frxuw odwhu ghfoduhg wkh elg yrlg1

<Iru vlpsolflw|/ zh ljqruh wkh srvvleoh ehqh�fldo lqfhqwlyh h�hfwv ri wkh HVRS1 Wkh suhvhqfh ri
vxfk h�hfwv +ru ri wd{ ehqh�wv, pd| khos pdqdjhuv shuvxdgh lqlwldo vkduhkroghuv wr dssuryh wkh
HVRS/ zklfk rwkhuzlvh uhvxowv lq d qhw orvv iru wkhp/ dv vkrzq ehorz1

43Li dq HVRS lv wr eh h�hfwlyh/ wkh vwdnh �Z
pxvw h{fhhg 4� �� �/ dv qrwhg deryh1 Dq| HVRS

zlwk d orzhu ydoxh ri �Z
/ ehlqj lqh�hfwlyh/ ohdyhv wkh pdqdjhu lqgl�huhqw= zh euhdn wklv wlh e|

� 64 �



dvvxplqj wkdw wkhuh lv d vpdoo frvw iru wkh pdqdjhu wr duudqjh dq HVRS/ vr wkdw kh suhihuv qr
HVRS wr dq lqh�hfwlyh rqh1

44Dovr lq wklv fdvh rqh fdq hqgrjhqhl}h � dqg fkdudfwhul}h wkh rswlpdo rzqhuvkls vwuxfwxuh fkr0
vhq e| wkh �up*v irxqghu1 Dv glvfxvvhg lq wkh wh{w/ qrz wkh fkrlfh lv ehwzhhq wzr uhjlrqv rqo|
+luuhvshfwlyh ri wkh wrhkrog �,= wkh orz0prqlwrulqj uhjlrq +� ? e@�, dqg wkh kljk0prqlwrulqj uhjlrq
+� A e@�,1 Lq wkh �uvw uhjlrq/ lw lv rswlpdo wr jlyh wkh pdqdjhu d }hur vwdnh> lq wkh vhfrqg uhjlrq/
kh vkrxog eh jlyhq d vwdnh e@�/ wr lqfhqwlyl}h klp dw wkh plqlpxp frvw1 Wkh fkrlfh ehwzhhq wkh
wzr uhjlrqv ghshqgv rq zkhwkhu wkh frvw ri lqfhqwlyl}lqj wkh pdqdjhu +e@�,Y h{fhhgv wkh lpsolhg
zdjh vdylqjv �1

45Lq Pdufk 4<<:/ wkh Jhupdq vwhho surgxfhu Nuxss0Krhvfk dqqrxqfhg sodqv iru d krvwloh wdnhryhu
ri lwv pdlq frpshwlwru/ Wk|vvhq DJ +vhh Iudqnv dqg Pd|hu/ 4<<;/ dqg Khoozlj/ 5333,1 Wkh pdq0
djhphqw ri Wk|vvhq fodlphg wkdw wkh wdnhryhu wkuhdwhqhg wkrxvdqgv mrev dqg wkdw lw zrxog vhhn
sduwqhuv lq wkh edwwoh1 Lq wkh qh{w wzr zhhnv srolwlfldqv/ xqlrqv dqg phgld mrlqhg wkh surwhvw1
Nuxss zlwkguhz lwv krvwloh elg dqg hyhqwxdoo| qhjrwldwhg d iulhqgo| ghdo1

46Lq Pd| 5334 Jhqhudo Prwruv* +JP, elg iru Nruhd*v dlolqj Gdhzrr Prwru/ rq wkh frqglwlrq
wkdw Gdhzrr od|r� 8/333 hpsor|hhv1 Wklv ohg wr pdvv qdwlrqzlgh vwulnhv dqg ghprqvwudwlrqv1
Dowkrxjk JP kdg wkh edfnlqj ri wkh Vrxwk Nruhdq jryhuqphqw/ wkh hpsor|hhv sod|hg d nh| uroh
lq wkh rxwfrph ri wkh ghdo1 Wkh frq lfw zlwk wkh hpsor|hhv frqwlqxhg xqwlo Dsulo 5335/ zkhq dq
djuhhphqw zdv �qdoo| uhdfkhg1

47Wklv fdvh lv srvvleoh rqo| li e A f/ ehfdxvh e| dvvxpswlrq � ? �1
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