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ABSTRACT 
  
We show that in business groups with efficient internal capital markets both winner-picking and cross-
subsidization may occur. Depending on the amount of internal resources, a group may either exit a market in 
response to increased competition, or rather channel funds to the subsidiary operating in that market. This has 
important implications for the strategic impact of group membership. Affiliation to a monopolistic subsidiary can 
make a cash-rich stand-alone firm more vulnerable to entry deterrence. Conversely, a cash-poor firm becomes 
less sensitive to its financial constraints upon affiliation to a group, and thus less vulnerable to entry deterrence. 
Finally, resource flexibility within a group makes subsidiaries' reaction functions flatter, thus discouraging rivals' 
strategic commitments when entry is accommodated. 
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4 Lqwurgxfwlrq

Exvlqhvv jurxsv duh d zlghvsuhdg rujdql}dwlrqdo irup lq pdq| frxqwulhv1 Jurxsv riwhq dgrsw

d s|udplgdo vwuxfwxuh/ zkhuhe| lqglylgxdo vxevlgldulhv duh vhsdudwh ohjdo hqwlwlhv zlwk olplwhg

oldelolw| dqg dxwrqrprxv dffhvv wr h{whuqdo fdslwdo pdunhwv1 Wklv pdunv d fohdu gl�huhqfh

ehwzhhq exvlqhvv jurxsv dqg pxowlglylvlrq rujdql}dwlrqv14 \hw/ wkhuh lv vxevwdqwldo hylghqfh

wkdw jurxsv hvwdeolvk lqwhuqdo fdslwdo pdunhwv mxvw olnh pxowlglylvlrqdo �upv gr15 Zkloh

pdq| hpslulfdo vwxglhv ri lqwhuqdo fdslwdo pdunhwv kdyh orrnhg dw exvlqhvv jurxsv/ wkhruhwlfdo

prghov kdyh udwkhu irfxvvhg rq pxowlglylvlrqdo �upv1 Wklv sdshu lv rqh ri wkh �uvw dwwhpswv

wr prgho wkh doorfdwlrq ri lqwhuqdo uhvrxufhv dprqj jurxs phpehuv1

Wkh lghd wkdw exvlqhvv jurxsv ehkdyh vrphkrz gl�huhqwo| lq surgxfw pdunhwv lv e| qr

phdqv qhz1 Lq sduwlfxodu/ frpshwlwlrq dxwkrulwlhv durxqg wkh zruog vlqfh wkh Vwdqgdug0Rlo

fdvh kdyh wdnhq vhulrxvo| wkh lghd wkdw �upv* dffhvv wr d jurxs*v ghhs srfnhwv pd| eh d

vrxufh ri pdunhw srzhu16 Krzhyhu/ wkh h{dfw phfkdqlvp wkurxjk zklfk wkh delolw| wr vkliw

uhvrxufhv dfurvv jurxs phpehuv d�hfwv wkhlu frpshwlwlyh ehkdylru kdv qrw ehhq fodul�hg |hw1

Iru lqvwdqfh/ zkloh vrph hpslulfdo vwxglhv vxjjhvw wkdw jurxsv gr ehwwhu wkdq vwdqg0dorqh

�upv lq ghwhuulqj hqwu| +Odzuhqfh 4<<4,/ irupdo uhdvrqlqj lqglfdwhv wkdw uhvrxufh  h{lelolw|

pd| zhoo suhyhqw d jurxs iurp frpplwwlqj wr surylgh d phpehu �up zlwk ghhs0srfnhwv

+Pdwvxvdnd dqg Qdqgd 5335,1 Wklv sdshu vwxglhv krz lqwhuqdo uhvrxufhv duh uhdoorfdwhg lq

uhvsrqvh wr fkdqjhv lq d jurxs*v dfwxdo ru survshfwlyh pdunhwv/ dqg krz wklv lq wxuq d�hfwv

lwv phpehuv* frpshwlwlyh ehkdylru1 Lw wkxv surylghv wkh �uvw irupdo dqdo|vlv ri pxowlpdunhw

vslooryhuv jhqhudwhg e| lqwhuqdo fdslwdo pdunhw skhqrphqd1

Zh vwxg| d exvlqhvv jurxs rshudwlqj lq d prqrsro| dqg d gxrsro| pdunhw wkurxjk wzr

vxevlgldulhv h{huwlqj xqrevhuydeoh U)G h�ruwv1 Jurxs phpehuv/ olnh vwdqg0dorqh �upv/

udlvh ixqgv rq wkh h{whuqdo fdslwdo pdunhw wr frpsohphqw lqwhuqdo uhvrxufhv1 Krzhyhu/

zkloh d vwdqg0dorqh �up gudzv rq lwv rzq lqwhuqdo ixqgv/ d vxevlgldu|*v lqwhuqdo uhvrxufhv

duh srrohg zlwk wkh jurxs*v uhvrxufhv dqg wkhq uhdoorfdwhg1 Khqfh/ vxevlgldulhv* zhdowk

lv hqgrjhqrxvo| ghwhuplqhg e| wkh doorfdwlrq ghflvlrqv ri wkh jurxs*v khdgtxduwhuv1 Wklv

4Dffruglqj wr Fodhvvhqv hw do1 +5333,/ wkh iudfwlrq ri olvwhg �upv d!oldwhg zlwk exvlqhvv jurxsv lq Hdvw
Dvld dqg Fkloh udqjhv ehwzhhq 73 dqg :7 shufhqw1 Od Sruwd hw do1 +4<<<, dqg wkh Hxurshdq Frusrudwh
Jryhuqdqfh Qhwzrun +4<<:, surylgh hylghqfh rq wkh xeltxlw| ri s|udplgv lq ydulrxv frxqwulhv1

5Vhh iru lqvwdqfh Krxvwrq hw do1 +4<<:,/ Shurwwl dqg Jhoihu +5334, dqg Vdpskdqwkdudn +5336,1 Vwxglhv
ri lqwhuqdo fdslwdo pdunhwv zlwklq jurxsv duh dovr pruh uholdeoh/ wr wkh h{whqw wkdw gdwd rq dvvhwv dqg
lqyhvwphqwv duh ehwwhu gh�qhg dw wkh �up ohyho wkdq dw wkh glylvlrq ohyho1

6Wklv frqfhuq kdv ehhq uhfhqwo| h{suhvvhg e| wkh Hxurshdq Frpplvvlrq lq vxssruw ri lwv frqwuryhuvldo
ghflvlrq wr iruelg wkh JH0Krqh|zhoo phujhu +Fdvh qr1 FRPS2P15553/ s ;60;7/ Mxo| 5334,1

4



lv fuxfldo lq rxu prgho/ lq wkdw wkh dprxqw ri lqwhuqdo uhvrxufhv ghwhuplqhv wkh djhqf|

sureohp ylv0ã0ylv rxwvlgh lqyhvwruv/ dqg wkxv wkh lqfhqwlyhv ri vxevlgldu| pdqdjhuv wr h{huw

U)G h�ruwv1 Wkurxjk wklv fkdqqho/ wkh lqwhuqdo uhvrxufh doorfdwlrq d�hfwv d vxevlgldu|*v

surgxfw pdunhw vwudwhj|1 Reylrxvo|/ wkh khdgtxduwhuv zrxog doorfdwh uhvrxufhv vwudwhjlfdoo|

li lwv ghflvlrqv zhuh revhuydeoh e| surgxfw pdunhw frpshwlwruv1 Dowkrxjk rxu prgho uxohv

rxw wklv srvvlelolw| dvvxplqj wkdw wkh doorfdwlrq lv qrw revhuydeoh/ wkh uhvrxufh  h{lelolw| ri

exvlqhvv jurxsv vwloo kdv lpsruwdqw vwudwhjlf h�hfwv1

Wkh fhqwudo uhvxow ri wkh sdshu lv wkdw erwk zlqqhu0slfnlqj dqg furvv0vxevlgl}dwlrq pd|

rffxu lq ydoxh0pd{lpl}lqj exvlqhvv jurxsv1 Lq sduwlfxodu/ d jurxs pd| uhdfw wr lqfuhdvhg

frpshwlwlrq lq d pdunhw e| hlwkhu h{lwlqj vr dv wr irfxv rq ohvv frpshwlwlyh lqgxvwulhv/ ru

e| fkdqqhoolqj ixqgv wr wkh vxevlgldu| rshudwlqj lq wkdw pdunhw/ ghshqglqj rq wkh uhvrxufhv

lw fdq gudz rq1 Lq idfw/ xqohvv wrwdo uhvrxufhv duh vfdufh/ dgglwlrqdo lqwhuqdo dvvhwv duh

uhodwlyho| pruh ydoxdeoh iru xqlwv idflqj d wrxjkhu frpshwlwlyh hqylurqphqw/ dv wkh odwwhu

vx�hu pruh vhulrxv djhqf| sureohpv ylv0ã0ylv h{whuqdo lqyhvwruv zkhq vhhnlqj ixqgv1 Wklv

uhvxow frqwudvwv zlwk suhylrxv wkhruhwlfdo zrun dujxlqj wkdw zlqqhu0slfnlqj dozd|v wdnhv

sodfh lq h!flhqw lqwhuqdo fdslwdo pdunhwv +h1j1 Vwhlq 4<<:,/ dqg lv frqvlvwhqw zlwk h{whqvlyh

hylghqfh ri furvv0vxevlgl}dwlrq +vhh iru lqvwdqfh Vklq dqg Vwxo} 4<<; dqg Ihuulv hw do1 5336,1

Wkh sdshu wkhq vkrzv wkdw uhvrxufh  h{lelolw| lq exvlqhvv jurxsv kdv erwk vwudwhjlf

ehqh�wv dqg frvwv1 Iluvw/ jurxs phpehuvkls grhv qrw qhfhvvdulo| wxuq d �up lqwr d ehwwhu

hqwudqw lqwr dq roljrsro| pdunhw1 Lq idfw/ zkloh wkh survshfw ri vxevlgl}dwlrq pdnhv d fdvk0

srru �up ohvv vhqvlwlyh wr �qdqfldo frqvwudlqwv dqg wkxv wr hqwu| ghwhuuhqfh/ d fdvk0ulfk

�up*v frpplwphqw wr lwv krph pdunhw lv gudpdwlfdoo| xqghuplqhg e| wkh srvvlelolw| wkdw

lwv uhvrxufhv duh glyhuwhg wr pruh sur�wdeoh d!oldwhv> wklv pd| hqfrxudjh ulydov wr dgrsw

suhgdwru| sudfwlfhv1 Krzhyhu/ li wkh jurxs ghflghv wr hqwhu +vwd|, lq wkh gxrsro| pdunhw/

furvv0vxevlgl}dwlrq lv dozd|v rswlpdo1 Khqfh/ jurxs d!oldwlrq lv d fuhgleoh frpplwphqw wr

dgrsw d wrxjkhu U)G vwudwhj| lq d gxrsro| pdunhw1 Wklv lv lq olqh zlwk hpslulfdo �qglqjv

wkdw/ xsrq hqwu| lq d pdunhw/ jurxs0d!oldwhg �upv frpshwh pruh djjuhvvlyho| wkdq vwdqg0

dorqh hqwlwlhv +Zhlqvwhlq dqg \dihk/ 4<<8,1 D vhfrqg lpsolfdwlrq ri furvv0vxevlgl}dwlrq lv

wkdw d vxevlgldu|*v vwudwhjlf uhvsrqvh wr lwv ulydov* dfwlrqv lv sduwldoo| frxqwhudfwhg e| d

uhvrxufh uhdoorfdwlrq uhvsrqvh/ vr wkdw �qdoo| jurxs phpehuv kdyh  dwwhu uhdfwlrq ixqfwlrqv

wkdq vwdqg0dorqh �upv1 Wkhuhiruh/ jurxs phpehuvkls lv d jrrg ghihqvlyh vwudwhj| zkhq

hqwu| lv dffrpprgdwhg dqg ulydov pd| dgrsw djjuhvvlyh suh0frpplwphqwv17

7Krzhyhu/ jurxsv d!oldwlrq dovr glvfrxudjhv sur0frooxvlyh frpplwphqwv wkdw ulydov pd| zdqw wr pdnh
zkhq frpshwlwlrq lv lq vwudwhjlf frpsohphqwv1 Zkhq wklv lv wkh fdvh/ vwdqg0dorqh hqwu| lv dq rswlpdo vwudwhjlf
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Wklv zrun surprwhv wkh xqghuvwdqglqj ri exvlqhvv jurxsv/ zklfk vr idu kdyh ehhq prvwo|

wkh remhfw ri hpslulfdo lqyhvwljdwlrq/8 exw dovr frqwulexwhv wr vhyhudo rwkhu vwudqgv ri olwhu0

dwxuh1 Lw lv reylrxvo| uhodwhg wr wkh wkhruhwlfdo olwhudwxuh rq lqwhuqdo fdslwdo pdunhwv +h1j1/

Vwhlq 4<<:/ Ioxfn dqg O|qfk 4<<<,> lw dovr frqwulexwhv wr wkh olwhudwxuh rq frusrudwh �qdqfh

dqg surgxfw pdunhwv/ gdwlqj edfn wr Whovhu*v +4<99, vwxg| ri ghhs srfnhwv dqg �qdqfldo hqwu|

ghwhuuhqfh/ h{sorulqj iru wkh �uvw wlph wkh lqwhudfwlrq ehwzhhq lqwhuqdo fdslwdo pdunhwv dqg

surgxfw pdunhw frpshwlwlrq1 Wkh forvh uhodwlrq wr wkh olwhudwxuhv rq frqjorphudwh srzhu

dqg pxowlpdunhw vslooryhuv +lq sduwlfxodu/ Exorz hw do 4<;8, lv dovr glvfxvvhg dw ohqjwk lq wkh

sdshu1

Wkh sodq ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 vhwv rxw wkh edvlf prgho zlwk qr vwudwh0

jlf lqwhudfwlrq/ fkdudfwhul}hv wkh rswlpdo uhvrxufh doorfdwlrq/ dqg h{sodlqv zk| erwk furvv0

vxevlgl}dwlrq dqg zlqqhu0slfnlqj pd| rffxu zlwklq jurxsv1 Vhfwlrq 6 h{whqgv wkh dqdo|vlv

wr wkh fdvh zkhuh d jurxs vxevlgldu| frpshwhv lq d gxrsro| pdunhw1 Vhfwlrq 7 gudzv wkh

vwudwhjlf lpsolfdwlrqv ri wkh suhylrxv dqdo|vlv1 Wkh uhodwlrq wr ydulrxv vwudqgv ri olwhudwxuh

lv glvfxvvhg lq vhfwlrq 7171 Vhfwlrq 8 frqfoxghv1

5 Uhvrxufh doorfdwlrq zlwklq d exvlqhvv jurxs

514 Wkh edvlf prgho

Zh vwxg| d exvlqhvv jurxs frpsrvhg ri wzr vxevlgldulhv uxqqlqj lqghshqghqw surmhfwv1 Wkhuh

duh irxu djhqwv lq wkh prgho= vxevlgldu| pdqdjhuv/ frusrudwh khdgtxduwhuv +KT,/ rxwvlgh

lqyhvwruv dqg vwdqg0dorqh �upv1 Hdfk vxevlgldu| qhhgv wr lqyhvw dq dprxqw U lq rughu wr vwduw

ru frqwlqxh d surmhfw1 Wkh khdgtxduwhuv kdv frqwuro ryhu frusrudwh uhvrxufhv �= lw doorfdwhv

�� dqg �2 wr vxevlgldulhv 4 dqg 5/ surylghg �� n �2 ' �1 Zh dvvxph � 	 2U= lqwhuqdo

ixqgv duh qrw vx!flhqw wr vwduw erwk surmhfwv1 Diwhu d vxevlgldu| pdqdjhu lv dvvljqhg �� � U

e| khdgtxduwhuv/ vkh vhhnv wkh dgglwlrqdo ixqgv U � �� iurp rxwvlgh lqyhvwruv1 Lqyhvwruv

duh frpsohwho| sdvvlyh lq wkh prgho +wkh| mxvw uhtxluh wr euhdn hyhq lq rughu wr �qdqfh d

surmhfw, dqg ehkdyh frpshwlwlyho| lq wkh pdunhw iru ixqgv1 Ilqdoo|/ vwdqg0dorqh �upv duh

lghqwlfdo wr exvlqhvv vxevlgldulhv/ h{fhsw wkdw wkh| kdyh frqwuro ryhu wkhlu rzq dvvhwv1

Surmhfwv=

Hdfk surmhfw lv vxemhfw wr prudo kd}dug1 Diwhu khu surmhfw lv �qdqfhg/ pdqdjhu � fkrrvhv

d ohyho ri h�ruw e� 5 dfc �o � D vlpsoh lqwhusuhwdwlrq lv wkdw e� lv U)G h�ruw h{huwhg wr ghyhors

fkrlfh1
8Vhh Nkdqqd +5333, iru d vxuyh|1
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d qhz whfkqrorj|19 Qhlwkhu khdgtxduwhuv qru h{whuqdo lqyhvwruv fdq revhuyh +yhuli|, wkh ohyho

ri h�ruw h{huwhg1 Li wkh pdqdjhu fkrrvhv d ohyho ri h�ruw e�c vxevlgldu| � jdlqv d uhwxuq Z�

zlwk suredelolw| e�> zlwk suredelolw| � � e�/ wkh surmhfw idlov dqg wkh uhwxuq lv f1 Z� wkxv

uhsuhvhqwv wkh surgxfwlylw| ri h�ruw iru �up �1

Suhihuhqfhv=

Doo djhqwv duh ulvn0qhxwudo1 H�ruw e� lpsrvhv d sulydwh frvw q

2
e2� rq pdqdjhu �1 Zh

dvvxph q � Z�/ wr hqvxuh wkdw wkh �uvw0ehvw ohyho ri h�ruw e8� � �� Zh dovr pdnh wkh

iroorzlqj dvvxpswlrq/ wr hqvxuh wkdw pdqdjhuv idfh d qrq0wulyldo ixqg udlvlqj sureohp +vhh

Ohppd 4 odwhu,=

Dvvxpswlrq 4
Z2

�

eq
	 U � Z2

�

2q

Qhlwkhu vxevlgldu| pdqdjhuv qru wkh khdgtxduwhuv hqmr| sulydwh ehqh�wv iurp uxqqlqj

+frqwuroolqj, h{wud surmhfwv1 Wkh khdgtxduwhuv* uhvrxufh doorfdwlrq pd{lpl}hv wkh jurxs*v

ydoxh1 Qrwh wkdw lq rxu prgho xqlwv frxog vlpso| frpplw h{0dqwh wr dq rswlpdo uhvrxufh

doorfdwlrq srolf|1 E| kdylqj khdgtxduwhuv ghflgh/ zh duh lpsolflwo| dvvxplqj wkdw d!oldwhg

�upv uholqtxlvk frqwuro ryhu dvvhwv wr wklv wklug sduw| dqg ghvljq lwv lqfhqwlyhv vr dv wr

lpsohphqw wkh rswlpdo doorfdwlrq uxoh1:

Wlplqj=

Wkh wlplqj ri hyhqwv lv dv iroorzv +vhh dovr �jxuh 4,=

w@3 +Lqwhuqdo fdslwdo pdunhw doorfdwlrq, Khdgtxduwhuv doorfdwhv wrwdo uhvrxufhv �/ dvvljqlqj

�� dqg �2 wr vxevlgldulhv 4 dqg 5�

w@4 +Ilqdqfldo frqwudfwlqj, Surylghg lw lv sur�wdeoh wr vwduw d surmhfw/ hdfk vxevlgldu|

pdqdjhu vhhnv U � �� E� ' �c 2� rq wkh h{whuqdo fdslwdo pdunhw1 Vkh pdnhv d frqwudfw r�hu

wr rxwvlgh lqyhvwruv/ zkr fdq dffhsw ru uhmhfw wkh r�hu1

w@5 +Prudo Kd}dug, Hdfk vxevlgldu| pdqdjhu fkrrvhv d ohyho ri h�ruw1

w@6 Uhwxuqv duh uhdol}hg dqg rxwvlgh lqyhvwruv duh sdlg dffruglqj wr �qdqfldo frqwudfwv1

Ilqdqfldo frqwudfwv=

9Wkh U)G lqwhusuhwdwlrq lv sduwlfxoduo| dssursuldwh/ dv hl zloo eh wdnhq wr eh wkh vwudwhjlf yduldeoh ri
d surgxfw pdunhw jdph lq vhfwlrqv 6 dqg 71 Dv zh zloo vhh/ rwkhu glphqvlrqv ri pdqdjhuldo h�ruw +h1j1
dgyhuwlvlqj h�ruw, duh frqvlvwhqw zlwk rxu prgho/ dv orqj dv lqfuhdvhg h�ruw lq rqh �up uhgxfhv lwv ulydo*v
h{shfwhg sur�wv1

:Wkh qhhg wr ghohjdwh frqwuro wr khdgtxduwhuv frxog eh hqgrjhql}hg e| lqwurgxflqj lq wkh prgho h{0dqwh
xqfhuwdlqw| rq wkh vxevlgldulhv* surgxfwlylw| ru wkh ghjuhh ri frpshwlwlrq lq hdfk pdunhw1 Dv wkh rswlpdo
uhvrxufh uhdoorfdwlrq lv frqwlqjhqw rq wkhvh yduldeohv/ zklfk pd| qrw eh yhul�deoh h{0srvw/ lw pd| eh qhfhvvdu|
wr ghohjdwh wkh uhvrxufh uhdoorfdwlrq ghflvlrq wr d wklug sduw| zlwk wkh uljkw lqfhqwlyhv wr pd{lpl}h jurxs
ydoxh1 Krzhyhu/ prghoolqj wklv vwdjh olhv eh|rqg wkh vfrsh ri wkh sdshu1
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3

KT doorfdwhv

lqwhuqdo
uhvrxufhv

4

Vxevlgldulhv udlvh
L �D rq h{whuqdo
fdslwdo pdunhw

5

Vxev1 pdqdjhuv
fkrrvh h�ruw h�

6

Uhwxuqv
dffuxh

Iljxuh 4= Wlph olqh

Zkhq pdqdjhu � udlvhv ixqgv U ��� rq wkh h{whuqdo fdslwdo pdunhw/ vkh frqwudfwv rq wkh

rxwvlgh lqyhvwru*v vkduh ri uhwxuqv Ek�� � Dv wkh lqyhvwru fdq h{shfw wr eh sdlg k�Z� lq fdvh ri

vxffhvv dqg f lq fdvh ri idloxuh/ klv fodlp fdq htxlydohqwo| eh lqwhusuhwhg dv ghew zlwk idfh

ydoxh k�Z� ru dv dq htxlw| vwdnh k�1 Zh dvvxph wkdw wkh uhvw ri wkh exvlqhvv jurxs lv qrw

oldeoh iru d vxevlgldu|*v �qdqfldo reoljdwlrqv wr lwv �qdqflhuv1;

515 Ilqdqfldo vwuxfwxuh dqg jryhuqdqfh lq d exvlqhvv jurxs

Exvlqhvv jurxsv kdyh ehhq gh�qhg dv froohfwlrqv ri ohjdoo| glvwlqfw �upv wkdw duh sduwo|

ru zkroo| rzqhg e| d vlqjoh lqglylgxdo ru idplo| +khuh wkh �khdgtxduwhuv�, wkdw frqwurov

wkh phpehu �upv* dvvhwv1 Pdq| jurxsv kdyh d s|udplgdo rzqhuvkls vwuxfwxuh zkhuhe| wkh

xowlpdwh rzqhu frqwurov vhyhudo �upv kroglqj rqo| d iudfwlrq ri wkhlu htxlw|> wkhuh lv dpsoh

hylghqfh wkdw s|udplgdo jurxsv duh zlghvsuhdg lq Dvldq/ Odwlq Dphulfdq dqg Hxurshdq

hfrqrplhv1<

Rxu prgho lqfrusrudwhv wzr ihdwxuhv ri frusrudwh jurxsv wkdw pdnh wkhp gl�huhqw iurp

;Olplwhg oldelolw| zlwklq wkh jurxs uxohv rxw dq| glyhuvl�fdwlrq ehqh�w ri frqjorphudwlrq ã od Gldprqg
+4<;7,1 Lq wkdw sdshu/ mrlqw oldelolw| ri xquhodwhg surmhfwv ylv ã ylv h{whuqdo lqyhvwruv lqfuhdvhv wkhlu ryhudoo
ghew fdsdflw| +vhh dovr Ol dqg Ol 4<<9,/ khqfh wkh �qdqfldo dgydqwdjh ri lqwhuqdo fdslwdo pdunhwv uhvwv
xsrq fhqwudol}hg eruurzlqj e| frqjorphudwh khdgtxduwhuv1 Rxu sdshu vkrzv wkdw uhvrxufh  h{lelolw| zlwklq
exvlqhvv jurxsv lv ehqh�fldo hyhq zkhq prvw ri wkh ixqgv duh froohfwhg lqglylgxdoo| e| d!oldwhg �upv dqg
wkh odwwhu kdyh qr mrlqw oldelolw|1 Khqfh/ rxu olplwhg oldelolw| dvvxpswlrq jrhv kdqg lq kdqg zlwk rxu irfxv
rq lqglylgxdo vxevlgldulhv* h{whuqdo �qdqfh udwkhu wkdq rq fhqwudol}hg ixqg0udlvlqj1 Olplwhg oldelolw| lv dovr d
uhdolvwlf dvvxpswlrq iru sduwldoo|0rzqhg vxevlgldulhv/ zklfk duh yhu| frpprq lq pdq| Hxurshdq dqg Dvldq
frxqwulhv +vhh wkh qh{w irrwqrwh,1

<Lq wkhlu vdpsoh ri wkh 53 odujhvw �upv lq 5: zhdowk| hfrqrplhv/ Od Sruwd hw do1 +4<<<, �qg wkdw 59
shufhqw ri wkh �upv wkdw kdyh xowlpdwh rzqhuv +64 shufhqw lq frxqwulhv zlwk srru vkduhkroghu surwhfwlrq,
duh frqwuroohg wkurxjk s|udplgdo vwuxfwxuhv1 Eldqfkl hw do1 +4<<:, �qg wkdw 89 shufhqw ri Lwdoldq �upv ehorqj
wr d s|udplgdo jurxs1 Ri wkhvh/ 6: shufhqw duh kroglqj frpsdqlhv dw wkh wrs ri wkh s|udplg/ 64 shufhqw
duh zkroo|0rzqhg vxevlgldulhv/ dqg 65 shufhqw duh vxevlgldulhv frqwuroohg e| wkh xowlpdwh rzqhu zlwk d ohvv
wkdq 433 shufhqw vwdnh1 S|udplgv duh dovr frpprq lq rwkhu Hxurshdq frxqwulhv/ dffruglqj wr wkh Hxurshdq
Frusrudwh Jryhuqdqfh Qhwzrun +4<<:,1
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pxowlglylvlrqdo �upv1 Iluvw/ vxevlgldulhv urxwlqho| udlvh ixqgv iurp dqg lvvxh fodlpv wr h{0

whuqdo �qdqflhuv> iru lqvwdqfh/ hdfk frpsdq| lq d jurxs fdq dvn iru d edqn ordq ru lvvxh lwv

rzq vkduhv1 Lq frqwudvw/ frqjorphudwh glylvlrqv gr qrw kdyh dxwrqrprxv dffhvv wr �qdqfldo

pdunhwv1 Vhfrqg/ zkhq jurxs vxevlgldulhv duh sduwldoo| rzqhg/ wkh xowlpdwh rzqhu lv qrw

uhvsrqvleoh iru wkh vxevlgldulhv* reoljdwlrqv wr rxwvlgh �qdqflhuv143

Wkhuh lv vxevwdqwldo hpslulfdo hylghqfh wkdw jurxsv hvwdeolvk lqwhuqdo fdslwdo pdunhwv144

Hyhq zkhq vxevlgldulhv duh rqo| sduwldoo| rzqhg/ wkh khdgtxduwhuv riwhq hqmr|v h�hfwlyh

frqwuro uljkwv dqg fdq wkxv uhglvwulexwh wkh jurxs*v dvvhwv/ wr wkh h{whqw wkdw wkh yrwlqj

uljkwv ri qrq0frqwuroolqj vkduhkroghuv duh glvshuvhg1 Rqh pd| dujxh wkdw wkh ohjdo surwhf0

wlrq ri plqrulw| vkduhkroghuv olplwv wkh vfrsh iru uhvrxufh uhdoorfdwlrq dprqj sduwldoo|0rzqhg

vxevlgldulhv1 Lq sudfwlfh/ krzhyhu/ wkh vdihjxdug surylghg wr plqrulw| vkduhkroghuv lv sdu0

wlfxoduo| zhdn lq wkrvh frxqwulhv zkhuh exvlqhvv jurxsv duh d pdlq frusrudwh irup +vhh Od

Sruwd hw do1 4<<<,145 Lq idfw/ wkh olplwhg dxwkrulw| ri plqrulw| vkduhkroghuv lq frusrudwh

jurxsv kdv vsxuuhg d frqvlghudeoh dprxqw ri uhvhdufk frqfhuqlqj wkh frq lfw ri lqwhuhvw eh0

wzhhq sduhqw frpsdq| dqg vxevlgldulhv +vhh h1j1 Ehefkxn hw do1 4<<< dqg Zroihq}rq 4<<<,1

Dv wklv frq lfw lv qrw wkh irfxv ri wkh suhvhqw sdshu/ zh zloo dvvxph khuh sduwldoo| rzqhg

vxevlgldulhv zlwk frpsohwho| sdvvlyh plqrulw| vkduhkroghuv146

Lq rxu prgho 0 dv lq suhylrxv wkhruhwlfdo zrun rq lqwhuqdo fdslwdo pdunhwv +Jhuwqhu hw

do1 4<<7/ Vwhlq 4<<:/ Pdwvxvdnd dqg Qdqgd 5335, 0 exvlqhvv vxevlgldulhv dqg vwdqg0dorqh

43Wklv uxoh lv frpprq wr prvw ohjdo v|vwhpv1 Vhh Eoxpehuj +4<;<,/ Kdgghq +4<;6,/ dqg Eldqfr dqg Qlfr0
gdqr +5335, iru/ uhvshfwlyho|/ XV/ XN dqg Lwdo|1 Dqwxqhv +4<<7, surylghv d frpsdulvrq ri ohjdo dssurdfkhv
wr jurxs oldelolw| lq wkh XV dqg HX frxqwulhv1

44Krxvwrq hw do1+4<<:, dqg Krxvwrq dqg Mdphv +4<<;, �qg wkdw lq edqn kroglqj frpsdqlhv vxevlgldulhv*
ohqglqj dfwlylw| lv pruh forvho| wlhg wr wkh fdvk  rzv dqg fdslwdo srvlwlrq ri wkh kroglqj frpsdq| wkdq lw lv
wr wkh edqn*v rzq fdvk  rz dqg fdslwdo srvlwlrq/ vxjjhvwlqj wkdw edqn kroglqj frpsdqlhv hvwdeolvk lqwhuqdo
fdslwdo pdunhwv1 Shurwwl dqg Jhoihu +5334, surylgh hylghqfh ri �qdqfldo uhdoorfdwlrq lq Uxvvldq jurxsv zkloh
Vdpskdqwkdudn +5336, �qgv wkdw lqwhuqdo dvvhwv duh h{whqvlyho| uhdoorfdwhg zlwklq Wkdl exvlqhvv jurxsv1
Vhh dovr Fodhvvhqv hw do1 +5333, iru uhodwhg hylghqfh rq Hdvw Dvld dqg Fkloh1

45Lqwhuhvwlqjo|/ lq pdq| frxqwulhv wkh exughq ri surri iru gdpdjhv lqfxuuhg e| d vxevlgldu| dv d frqvh0
txhqfh ri lwv sduhqw*v ghflvlrqv uhvwv rq wkh fodlpdqw/ dqg srru lqirupdwlrq glvforvxuh uhtxluhphqwv pdnh
lw doprvw lpsrvvleoh iru wkh odwwhu wr r�hu frqfoxvlyh hylghqfh +vhh Urvvl 4<<9,1 Hyhq lq ohjdo v|vwhpv zlwk
vwurqj plqrulw| surwhfwlrq odzv/ iuhh0ulghu sureohpv pd| dfwxdoo| kdpshu vkduhkroghu dfwlylvp= devhqw d
frruglqdwlrq phfkdqlvp/ glvshuvhg vkduhrzqhuv pd| qhyhu dfwxdoo| vwduw d odzvxlw iru plvdssursuldwlrq
djdlqvw wkh sduhqw frpsdq|1

46Doorzlqj iru plqrulw| vkduhkroghuv* dfwlylvp lq wkh prgho zrxog olplw wkh h{whqw ri uhvrxufh uhdoorfdwlrq
zlwkrxw fkdqjlqj wkh qdwxuh ri rxu uhvxowv1 Iru lqvwdqfh/ Dpljkw eh uhlqwhusuhwhg dv wkh dprxqw ri uhvrxufhv
wkdw wkh khdgtxduwhuv pd| vdiho| uhvkx"h zlwkrxw wuljjhulqj wkh h{sursuldwhg vkduhkroghuv* uhdfwlrq1 Vhh
Vdpskdqwkdudn +5336, iru hylghqfh wkdw +l, lqwhuqdo fdslwdo pdunhwv duh qrw shuihfw zkhq jurxs d!oldwhv duh
olvwhg frpsdqlhv/ gxh wr vwrfn h{fkdqjh uhjxodwlrqv uhvwulfwlqj lqwud0jurxs wudqvihuv> +ll, uhvrxufh uhdoorfdwlrq
dprqj sxeolf qrq0olvwhg vxevlgldulhv lv qrw suhyhqwhg e| frusrudwh odzv dqg uhjxodwlrqv1
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�upv gl�hu rqo| lq wkh zd| frqwuro ryhu dvvhwv lv doorfdwhg/ zkhuhdv wkh qdwxuh ri wkh djhqf|

sureohp ylv0ã0ylv h{whuqdo lqyhvwruv lv lghqwlfdo1 Lq d exvlqhvv jurxs/ khdgtxduwhuv fdq

wudqvihu lqwhuqdo uhvrxufhv iurp rqh xqlw wr dqrwkhu> rqfh lqwhuqdo uhvrxufhv duh doorfdwhg/

exvlqhvv xqlwv vhhn ixqgv rq wkh h{whuqdo pdunhw lq rughu wr frpsohphqw wkhlu rzq lqwhuqdo

dvvhwv1 Wklv kdv wkh iroorzlqj frqvhtxhqfh= dv wkh dprxqw ri lqwhuqdo dvvhwv ghwhuplqhv

wkh �qdqfldo frqwudfw zlwk rxwvlgh lqyhvwruv +dqg wkxv pdqdjhuldo lqfhqwlyhv,/ d vxevlgldu|*v

pdqdjhuldo lqfhqwlyhv dqg khqfh lwv ydoxh duh hqgrjhqrxvo| ghwhuplqhg e| wkh khdgtxduwhuv*

doorfdwlrq ghflvlrq1 Frqyhuvho|/ wkh ydoxh ri d vwdqg0dorqh �up ghshqgv vroho| rq wkdw �up*v

uhvrxufhv/ zklfk duh h{rjhqrxv lq wkh prgho1

Wr ghulyh wkh rswlpdo uhvrxufh doorfdwlrq/ zh fkdudfwhul}h wkh vxejdph shuihfw Qdvk

htxloleulxp ri wkh jdph surfhhglqj e| edfnzdug lqgxfwlrq1 Zh �uvw vwxg| wkh �qdqfldo

frqwudfwlqj sureohp ri d exvlqhvv xqlw hqgrzhg zlwk uhvrxufhv �� +l1h1 rxwvlgh �qdqfldo

qhhgv U � ��,1 Zh wkhq dqdo|}h krz dw | ' f d jurxs khdgtxduwhuv dvvljqv uhvrxufhv �� wr

d!oldwhg exvlqhvv xqlwv/ dqwlflsdwlqj wkdw wklv zloo d�hfw frqwudfwv zlwk rxwvlgh lqyhvwruv1

516 Rxwvlgh �qdqfh/ lqwhuqdo uhvrxufhv dqg exvlqhvv xqlwv* djhqf|
sureohpv

Wkh �qdqfldo frqwudfwlqj vxejdph vwduwlqj dw | ' � fdq lwvhoi eh vroyhg e| edfnzdug lqgxf0

wlrq1 Wkh pdqdjhu*v h�ruw fkrlfh dw | ' 2 vroyhv=

4@ 
e�Mdfc�o

%
e�E�� k��Z� � qe2�

2
���

&
+U��,

zklfk lpsolhv= e� ' E�3k��Z�

q
li dq lqwhulru vroxwlrq lv dvvxphg1 Dw gdwh �/ surylghg lw

lv sur�wdeoh wr vwduw d surmhfw/ pdqdjhu � pdnhv d wdnh0lw0ru0ohdyh0lw frqwudfw r�hu k� wr

rxwvlgh lqyhvwruv wr udlvh ixqgv U���� Wkh frqwudfw pxvw vdwlvi| wkh lqyhvwruv* sduwlflsdwlrq

frqvwudlqw=

e�k�Z� � EU ���� � f +U-,

Lqyhvwruv lq idfw dqwlflsdwh wkdw e� '
E�3k��Z�

q
1 Wklv fdq eh vxevwlwxwhg lqwr wkh pdqdjhu*v

remhfwlyh ixqfwlrq dqg lqwr EU-�/ wr rewdlq wkh pdqdjhu*v �qdqfldo frqwudfwlqj sureohp dw

| ' �=

4@ k�Mdfc�o

k
E�3k��

2

2q
Z2
� ���

l
r�|�

k�E�� k��

q
Z2
� � U ��� +U-,

:



Fohduo|/ wkh pdqdjhu rqo| vhhnv ixqgv dw | ' � li wkh ydoxh ri wklv surjudp lv srvlwlyh1 Wkh

htxloleulxp rxwfrph ri wkh �qdqfldo frqwudfwlqj vxejdph lv fkdudfwhul}hg lq wkh iroorzlqj

Ohppd=

Ohppd 4 Wkhuh h{lvwv d wkuhvkrog ohyho ri lqwhuqdo uhvrxufhv h�� 5
�
U � Z2

�

eq
( U

�
vxfk wkdw=

� li �� � i��= wkh exvlqhvv xqlw rewdlqv rxwvlgh �qdqfh dqg vwduwv wkh surmhfw>

kW

� 5
k
fc �

2

l
dqg lv ghfuhdvlqj lq ��( e

W

� 5
k
Z�

2q
c Z�

q

l
dqg lv lqfuhdvlqj lq ���

� li �� 	 i��c wkh exvlqhvv xqlw lv hlwkhu xqsur�wdeoh ru fdqqrw rewdlq rxwvlgh ixqgv/

khqfh lw lv vkxw grzq1

Surri1 Qrwh �uvw wkdw wkh pdqdjhu rswlpdoo| vhwv k� vr dv wr pdnh EU-� elqg= wkh

lqyhvwruv* sohgjhdeoh lqfrph k�E�3k��
q

Z2
� pxvw eh htxdo wr wkh ixqgv surylghg/ U ���1 Qrwlfh

wkdw k�E�3k��
q

Z2
� lv d frqfdyh ixqfwlrq ri k�/ dqg dfklhyhv lwv pd{lpxp lq k� '

�
2
1 Khqfh/ li

4@ k�

k�E�3k��
q

Z2
� � Z2

�

eq
	 U � ��/ wkhuh lv qr ohyho ri k� wkdw fdq vdwlvi| wkh lqyhvwruv* EU-�

frqvwudlqw/ dqg wkh xqlw fdqqrw eh ixqghg1 Wklv gh�qhv wkh wkuhvkrog ohyho ri dvvhwv �s
�

� U � Z2

�

eq
ehorz zklfk wkh xqlw lv �qdqfldoo| frqvwudlqhg1 E| Dvvxpswlrq 4/ �s

� : f1

Li �� � �s
� / wkh xqlw fdq udlvh ixqgv1 Vxssrvh lw grhv vr= dv wkh pdqdjhu*v xwlolw| lv

ghfuhdvlqj lq k�/ wkh rswlpdo lqyhvwruv* vwdnh k
W

� lv wkh vpdoohvw vroxwlrq wr
k�E�3k��

q
Z2
� ' U���1

Dsso|lqj wkh lpsolflw ixqfwlrq wkhruhp/ rqh �qgv wkdw
YkW

�

Y��
	 f/ zklfk lpsolhv wkdw eW� �

E�3kW

�
�Z�

q
lv vwulfwo| lqfuhdvlqj lq ��� Wkhq/ wkh xqlw*v sd|r�/ ��E��� ' eW� E���Z�� q

2
EeW� E����

2�Uc

lv vwulfwo| lqfuhdvlqj lq �� iru �� � U� Lq sduwlfxodu/ dw �� ' �s
� lw lv ��E�

s
� � '

�Z2

�

Hq
� U1 Wzr

fdvhv pd| wkhq dulvh=

Fdvh 4=
�Z2

�

Hq
� U � f1 Khqfh/ ��E�

s
� � � f/ lpso|lqj wkdw zkhqhyhu d exvlqhvv xqlw fdq

udlvh ixqgv lw lv rswlpdo wr gr vr= i�� ' �s
� 1

Fdvh 5=
�Z2

�

Hq
� U 	 f1 Lq wklv fdvh/ wkrxjk d pdqdjhu zlwk �s

� pljkw udlvh ixqgv/ khu

xwlolw| +qhw ri h�ruw frvwv, zrxog eh qhjdwlyh= ��E�
s
� � 	 f1 Qrwlfh dovr wkdw iru �� ' Uc qr

rxwvlgh ixqgv duh uhtxluhg +kW

� ' f,/ khqfh ��EU� '
Z2

�

2q
� U � f e| dvvxpswlrq 41 Wkhuhiruh/

dv ��E��� lv frqwlqxrxv dqg vwulfwo| lqfuhdvlqj lq �� ryhu
�
�s

� c U
l
/ wkhuh h{lvwv d ��

� 5
�
�s

� c U
l

vxfk wkdw ��E��� : f ;�� : ��
� � Khqfh/

i�� ' ��
� : �s

� � Sxwwlqj fdvh 4 dqg 5 wrjhwkhu/ wkh

wkuhvkrog ohyho ri dvvhwv deryh zklfk wkh surmhfw lv vwduwhg lv= i�� � 4@ 
q
�s

� c �
�
�

r
1

;



Iurp wkh deryh vroxwlrq/ zh rewdlq wkh ydoxh ri hdfk exvlqhvv xqlw dv d ixqfwlrq ri

lqwhuqdo uhvrxufhv ��=

T�E��� �
;A?A=

f li �� 	 i��

eW� E���Z� � q
2
EeW� E����

2 � U li �� � i��

D exvlqhvv xqlw*v ydoxh lv zhdno| lqfuhdvlqj lq wkh dprxqw ri lwv lqwhuqdo uhvrxufhv +vhh

dovr Iljxuh 5,1 Li wkh xqlw lv �qdqfldoo| frqvwudlqhg ru vlpso| xqsur�wdeoh E�� 	 i���/

wkh surmhfw lv qrw vwduwhg khqfh lwv ydoxh lv }hur1 Dw �� ' i�� d glvfrqwlqxlw| pd| h{lvwv

dv dgglwlrqdo dvvhwv doorz wkh xqlw wr udlvh ixqgv dqg vwduw d sur�wdeoh surmhfw147 Zkhq

�� � i��/ wkh xqlw*v ydoxh lv vwloo lqfuhdvlqj lq ��= dgglwlrqdo lqwhuqdo uhvrxufhv/ lpso|lqj

vpdoohu h{whuqdo �qdqfldo qhhgv/ doorz d uhgxfwlrq lq wkh vkduh ri sur�wv k� wr eh ohiw wr

rxwvlgh lqyhvwruv/ dqg wkxv dq lpsuryhphqw lq pdqdjhuldo lqfhqwlyhv1 Qrwlfh krzhyhu wkdw

wkh pdujlqdo ydoxh ri lqwhuqdo uhvrxufhv lv ghfuhdvlqj= dv �� dssurdfkhv U/ pdqdjhuldo h�ruw

jhwv forvhu wr wkh �uvw ehvw/ khqfh wkh uroh ri dgglwlrqdo lqwhuqdo ixqgv lq vsxuulqj lqfhqwlyhv

ehfrphv ohvv lpsruwdqw1 Irupdoo|/ rq �� 5
k h��c U

l
wkh ydoxh ixqfwlrq lv frqfdyh=

Y2T�

Y�2
�

'
Y2eW�
Y�2

�

dZ� � qeW� o� q

#
YeW�
Y��

$2

	 fc

dv lpsolhg e| eW� 5
k
Z�

2q
c Z�

q

l
c

YeW
�

Y��
' �

2qeW
�
3Z�

: f dqg
Y2eW

�

Y�2

�

' 32q

E2qeW�3Z��
2

YeW
�

Y��
	 f�

Wkh iroorzlqj Ohppd hvwdeolvkhv zkhwkhu dgglwlrqdo lqwhuqdo dvvhwv duh pruh ydoxdeoh wr

pruh ru ohvv surgxfwlyh exvlqhvv xqlwv148

Ohppd 5 Vxssrvh wzr surgxfwlyh xqlwv kdyh gl�huhqw uhwxuqv li vxffhvvixo= Z� 	 Z21 Wkhq=

� xqlw 4 lv pruh olnho| wr eh vkxw grzq= h�� : h�2(

� xqlw 4*v ydoxh ixqfwlrq lv vkliwhg grzqzdugv= T� 	 T2c ;Z� 	 Z2>

� xqlw 4*v ydoxh ixqfwlrq lv xqlirupo| vwhhshu iru �� � h��/ � ' �c 21

47Kropvwuùp dqg Wluroh +4<<:, kdyh douhdg| vkrzq wklv uhvxow lq d prgho zlwk d elqdu| h�ruw ghflvlrq1
48Lq wklv yhu| vlpsoh prgho zkhuh surmhfw sd|r�v kdyh d elqdu| glvwulexwlrq/ wkh vxevlgldu| zlwk kljkhu

uhwxuqv lq fdvh ri vxffhvv lv fhwhulv sdulexv pruh sur�wdeoh1 Dowkrxjk zh vrphwlphv uhihu wr wkh vxevlgldu|
zlwk d kljkhu +orzhu, h�ruw surgxfwlylw| dv wkh pruh +ohvv, sur�wdeoh rqh/ wkhuh lv dq reylrxv glvwlqfwlrq
ehwzhhq h�ruw surgxfwlylw| �l +zklfk ri frxuvh d�hfwv sur�wdelolw| exw lv h{rjhqrxv wr wkh prgho, dqg �up
sur�wdelolw|/ zklfk hqgrjhqrxvo| ghshqgv rq lqwhuqdo oltxlglw| dqg wkxv rq uhvrxufh uhdoorfdwlrq zlwklq wkh
jurxs1
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Iljxuh 5= Ydoxh ixqfwlrqv ri vxevlgldulhv 4 dqg 51 Zkhq �Z2

Hq
� U : f/ T� E��� glvsod|v d

glvfrqwlqxlw| lq h���

Surri1 Vhh wkh dsshqgl{1

Wkh wklug uhvxow lq Ohppd 5 lv fhqwudo wr rxu sdshu/ lpso|lqj wkdw dgglwlrqdo lqwhuqdo

ixqgv pd| zhoo eh pruh ydoxdeoh wr ohvv surgxfwlyh exvlqhvv xqlwv1 Wklv lv ehfdxvh wkh ohvv

surgxfwlyh xqlw/ kdylqj +fhwhulv sdulexv, orzhu uhwxuqv wr sohgjh lq fdvh ri vxffhvv/ lv reoljhg

wr uholqtxlvk d odujhu vkduh k� wr rxwvlgh lqyhvwruv1 Wklv lq wxuq h{dfhuedwhv lwv lqfhqwlyh

sureohp zlwk uhvshfw wr wkh pruh surgxfwlyh xqlw1 Dgglwlrqdo lqwhuqdo ixqgv doorzlqj d

uhgxfwlrq lq wkh vkduh k� duh wkhq pruh ydoxdeoh wr wklv xqlw1 Wkh uhvxow vxjjhvwv wkdw

khdgtxduwhuv wu|lqj wr pd{lpl}h d jurxs*v ydoxh qhhg qrw qhfhvvdulo| frqfhqwudwh uhvrxufhv

rq wkh prvw surgxfwlyh xqlw1

517 H!flhqw uhvrxufh doorfdwlrq

Frqvlghu surgxfwlyh xqlwv � dqg 2 d!oldwhg wr d jurxs/ zlwk Z� 	 Z21 Zh dvvxph iurp qrz

rq wkdw Z2 : qU
�
2 n

s
2
�
1 Dw gdwh f/ wkh khdgtxduwhuv fkrrvhv �� dqg �2 vr dv wr vroyh wkh

sureohp=

4@ 
��c�2

T E��c Z�� n T E�2c Z2�

r�|� �� n�2 ' ��

Wkh iroorzlqj Sursrvlwlrq fkdudfwhul}hv wkh rswlpdo uhvrxufh doorfdwlrq=
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Sursrvlwlrq 4 � Zlqqhu0slfnlqj ru furvv0vxevlgl}dwlrqB � Iru dq| Z� 	 Z2c wkhuh

h{lvwv d wkuhvkrog � EZ�� vxfk wkdw/ li � � � EZ�� c lw lv rswlpdo wr ohw erwk vxevlgldulhv rshudwh

dqg dvvljq uhodwlyho| pruh uhvrxufhv wr wkh zhdnhu rqh1 Khqfh/ �W

� � h�� dqg �W

2 � h�2/ zlwk

�W

� : �W

21 Li lqvwhdg � 	 � EZ��/ doo uhvrxufhv duh glyhuwhg wr wkh pruh surgxfwlyh vxevlgldu|

zkloh xqlw � lv vkxw grzq1 Wkh wkuhvkrog � EZ�� lv vwulfwo| ghfuhdvlqj lq Z��

Surri1 Vhh wkh dsshqgl{1

Zkhq lqwhuqdo uhvrxufhv duh vfdufh ru jurxs vxevlgldulhv kdyh yhu| gl�huhqw surgxfwly0

lw| ohyhov/ zlqqhu0slfnlqj rffxuv1 Rwkhuzlvh/ furvv0vxevlgl}dwlrq udwkhu wkdq zlqqhu0slfnlqj

pd{lpl}hv wkh exvlqhvv jurxs ydoxh1 Wklv uhvxow ehfrphv lqwxlwlyh rqfh uhvrxufh doorfdwlrq

lv uhjdughg dv d wzr0vwdjh ghflvlrq surfhvv1 Zh �uvw dvn zkhwkhu lw lv rswlpdo wr nhhs erwk

vxevlgldulhv rshq +lq zklfk fdvh hdfk pxvw uhfhlyh dw ohdvw h��,/ udwkhu wkdq vkxw xqlw � grzq

dqg glyhuw doo uhvrxufhv wr 21 Ehiruh rswlqj iru wkh zlqqhu0slfnlqj vroxwlrq/ wkh lqfuhdvh

lq T2 gxh wr vwurqjhu lqfhqwlyhv lq xqlw 2 pxvw eh wudghg r� zlwk wkh glvfuhwh ehqh�w ri

surylglqj xqlw � zlwk hqrxjk ixqgv E�� � h��� wr ohw lw vwduw d sur�wdeoh surmhfw1 Glyhuwlqj

doo uhvrxufhv wr xqlw 2 fdqqrw eh h!flhqw zkhq � lv yhu| odujh/ wr wkh h{whqw wkdw lqwhuqdo

ixqgv kdyh d ghfuhdvlqj pdujlqdo ydoxh iru d xqlw1 Khqfh/ iru kljk ohyhov ri �/ lw lv rswlpdo

wr rshudwh erwk vxevlgldulhv149 Lw lv dovr idluo| lqwxlwlyh wkdw zlqqhu0slfnlqj ehfrphv ohvv

olnho| dv wkh wzr xqlwv* surgxfwlylwlhv jhw forvhu +l1h1/ zkhq Z� lv lqfuhdvhg,1

Vhfrqgo|/ surylghg erwk xqlwv duh doorzhg wr rshudwh/ �pxvw eh rswlpdoo| vkduhg ehwzhhq

wkh wzr1 Dv djhqf| sureohpv duh h{dfhuedwhg iru wkh ohvv surgxfwlyh xqlw/ dgglwlrqdo lqwhuqdo

uhvrxufhv duh pruh ydoxdeoh wr lw> khqfh/ d furvv0vxevlgl}dwlrq vwudwhj| lv rswlpdo lq wklv fdvh1

518 Glvfxvvlrq dqg uhodwhg olwhudwxuh

Zh frpsduh khuh wkh uhvxow lq Sursrvlwlrq 4 wr uhodwhg zrun rq lqwhuqdo fdslwdo pdunhwv1

Iru wklv sxusrvh/ lw lv xvhixo wr wklqn ri wkh exvlqhvv jurxs dv wkh rxwfrph ri d �phujhu�

ehwzhhq wzr vwdqg0dorqh �upv/ hdfk hqgrzhg zlwk �
2
c dqg zlwk surgxfwlylw| ohyhov Z� dqg

49Rqh pd| zrqghu zkhwkhu wkh rssruwxqlw| frvw ri vkliwlqj uhvrxufhv iurp wkh pruh wr wkh ohvv surgxfwlyh
vxevlgldu| lv qrw xqghuhvwlpdwhg lq rxu �{hg lqyhvwphqw prgho1 Zh eholhyh rxu txdolwdwlyh uhvxowv zrxog
vwloo krog lq d prgho zkhuh hdfk xqlw kdv d frqwlqxxp ri surmhfwv ri ghfuhdvlqj ydoxh wr lqyhvw lq +ru d
yduldeoh vfdoh surmhfw zlwk ghfuhdvlqj uhwxuqv,1 Lq vxfk d prgho/ lqirupdwlrq sureohpv zrxog lpso| wkdw
odujhu lqwhuqdo uhvrxufhv doorz d vxevlgldu| wr udlvh pruh ixqgv dqg wkxv wr uxq pruh surmhfwv +vhh h1j1
Kropvwuùp dqg Wluroh 4<<:,1 Wkh edvlf lqwxlwlrq ri Sursrvlwlrq 4 zrxog vwloo eh wkhuh= lqmhfwlqj dgglwlrqdo
oltxlglw| lq d kljk0surgxfwlylw| xqlw kdv d ghfuhdvlqj ydoxh/ wr wkh h{whqw wkdw +d, wklv xqlw kdv ohvv wurxeoh
lq udlvlqj h{whuqdo ixqgv wr �qdqfh ixuwkhu surmhfwv zlwk uhvshfw wr wkh zhdn xqlw> +e, ixuwkhu surmhfwv kdyh
d ghfuhdvlqj ydoxh1
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Z21 Fohduo|/ wkh delolw| wr vkliw lqwhuqdo uhvrxufhv zlwklq wkh jurxs fuhdwhv ydoxh=

4@ 
��

T�E��� n T2E����� � T�

�
�

2

�
n T2

�
�

2

�
�

Ehiruh xv/ rwkhu sdshuv kdyh srlqwhg dw wklv ��qdqfldo v|qhuj|� dv d pdlq prwlyh iru frq0

jorphudwlrq +h1j1 Vwhlq 4<<:/ Ioxfn dqg O|qfk 4<<</ Pdwvxvdnd dqg Qdqgd 5335,1 Wkh

qryho ihdwxuh ri rxu prgho lv wkdw wkh �qdqfldo v|qhuj| wdnhv yhu| gl�huhqw irupv/ ghshqglqj

rq wkh wrwdo dprxqw ri lqwhuqdo uhvrxufhv dqg wkh surgxfwlylw| gl�huhqwldo ehwzhhq vwurqjhu

dqg zhdnhu xqlwv1 Lq sduwlfxodu/ wkuhh lqwhuhvwlqj fdvhv pd| dulvh1

Li �
2
5

� h�2c h��

�
exw � � � EZ��/ wkh lqwhuqdo fdslwdo pdunhw doorzv xqlw � wr vwduw d

sur�wdeoh surmhfw wkdw zrxog qrw eh deoh wr jhw ixqglqj dv d vwdqg0dorqh1 Ioxfn dqg O|qfk

+4<<<, dovr sursrvh d wkhru| ri frqjorphudwh phujhuv doorzlqj wkh �qdqflqj ri surmhfwv

wkdw zrxog eh ghqlhg ixqgv dv vwdqg0dorqhv1 Zkloh wklv lv wkh rqo| �qdqfldo dgydqwdjh ri

frqjorphudwlrq lq wkhlu sdshu/ wkh qh{w wzr fdvhv vkrz wkdw uhvrxufh  h{lelolw| eulqjv rwkhu

ehqh�wv lq rxu prgho1

D vhfrqg fdvh dulvhv zkhq �
2
� h�� dqg � � � EZ��1 Xsrq d!oldwlrq wr d prqrsrolvwlf

�up/ d uhodwlyho| ohvv surgxfwlyh �up uhfhlyhv d fdvk lqmhfwlrq wkdw doohyldwhv lwv djhqf|

sureohpv ylv ã ylv rxwvlgh lqyhvwruv1 Lq rwkhu zrugv/ dffhvv wr dq lqwhuqdo fdslwdo pdunhw

doorzv d surmhfw wkdw fdq douhdg| eh ixqghg dv d vwdqg0dorqh wr zulwh d �ehwwhu� frqwudfw zlwk

rxwvlgh �qdqflhuv1 Lq d vhqvh/ wklv jhqhudol}hv wr d frqwlqxrxv iudphzrun Ioxfn dqg O|qfk*v

lqwxlwlrq wkdw phujhuv vhuyh wr fkdqqho ixqgv wr pdujlqdoo| sur�wdeoh xqlwv14: Wklv furvv0

vxevlgl}dwlrq uhvxow lv lq olqh zlwk hpslulfdo sdshuv grfxphqwlqj wkdw erwk pxowlglylvlrqdo

�upv dqg exvlqhvv jurxsv uhglvwulexwh uhvrxufhv dzd| iurp pruh sur�wdeoh xqlwv wr xqlwv

zlwk zruvh lqyhvwphqw rssruwxqlwlhv14; Ydulrxv sdshuv +h1j1/ Ph|hu hw do1 4<<5/ Vfkduivwhlq

dqg Vwhlq 4<<;, dujxh wkdw furvv0vxevlgl}dwlrq uhsuhvhqwv wkh gdun vlgh ri lqwhuqdo fdslwdo

pdunhwv/ dqg dwwulexwh wkh skhqrphqrq wr h{dfhuedwhg djhqf| sureohpv dqg srzhu vwuxjjohv

zlwklq frqjorphudwhv dqg jurxsv1 Zh vkrzhg khuh wkdw furvv0vxevlgl}dwlrq zlwklq fdvk0ulfk

jurxsv pd| eh dv zhoo dq h!flhqw doorfdwlrq ghflvlrq/ wr wkh h{whqw wkdw lw fuhdwhv ydoxh e|

4:Lq Ioxfn dqg O|qfk +4<<<, wkh qdwxuh ri wkh djhqf| sureohp lv gl�huhqw iurp khuh= uhwxuqv duh qrw
yhul�deoh/ khqfh d �up lv ixqghg surylghg wkh �qdqfldo frqwudfw fdq lqgxfh pdqdjhuv wr sd| lqyhvwruv edfn
lq dq| shulrg1 Wkh elqdu| qdwxuh ri wkh pdqdjhu*v ghflvlrq lq wkhlu prgho +sd| edfn ru qrw, lpsolhv wkdw/
dv orqj dv wkh lqfhqwlyh frqvwudlqw krogv dqg wkh �up pdqdjhv wr jhw �qdqfhg/ wkh �up ydoxh lv qrw d�hfwhg
e| wkh dprxqw ri rxwvlgh yhuvxv lqvlgh htxlw|1 Frqyhuvho|/ lq rxu prgho pdqdjhuldo h�ruw dqg �up ydoxh
frqwlqxrxvo| lqfuhdvh zlwk wkh dprxqw ri lqvlgh htxlw|1

4;Vhh iru lqvwdqfh Ihuulv hw do1 +5336, rq Nruhdq fkdherov dqg Shurwwl dqg Jhoihu +5334, rq Uxvvldq
exvlqhvv jurxsv1 Iru hylghqfh rq pxowlglylvlrqdo �upv vhh Vklq dqg Vwxow} +4<<;,/ Vfkduivwhlq +4<<;,/ dqg
Udmdq hw do1 +5333,1 Krzhyhu/ vhh Fkhydolhu +5333, iru dq dujxphqw wkdw furvv0vxevlgl}dwlrq uhvxowv lq wkh
odwwhu sdshuv fdq eh dwwulexwhg wr phdvxuhphqw huuruv dqg vhohfwlrq eldv1
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vprrwklqj lqfhqwlyh sureohpv dfurvv surgxfwlyh xqlwv1

Qrwlfh �qdoo| wkdw iru vx!flhqwo| orz ohyhov ri Z� lw pd| eh wkh fdvh wkdw �
2
� h�� dqg

|hw � 	 � EZ��1
4< Dowkrxjk d vwdqg0dorqh �up/ ehlqj frpplwwhg wr lwv krph pdunhw/ zrxog

vwduw surmhfw �/ dq h!flhqw exvlqhvv jurxs vkxwv xqlw � grzq dqg glyhuwv doo uhvrxufhv wr wkh

uhodwlyho| pruh surgxfwlyh xqlw1 Khqfh/ wkh dgydqwdjh ri uhvrxufh  h{lelolw| dovr uhvwv rq wkh

jurxs*v delolw| wr hqjdjh lq zlqqhu0slfnlqj zkhq wklv lv fdoohg iru +l1h1/ zkhq zhdn xqlwv kdyh

yhu| orz surgxfwlylw| ohyhov,1 Lq d prgho ri pxowlglylvlrqdo �upv zkhuh lqglylgxdo glylvlrq gr

qrw udlvh h{whuqdo ixqgv/ Vwhlq +4<<:, dovr �qgv wkdw khdgtxduwhuv pd| jlyh zhdnhu surmhfwv

ohvv �qdqflqj wkdq wkh| frxog rewdlq dv vwdqg0dorqhv1 Krzhyhu/ lq frqwudvw wr rxu sdshu/

zlqqhu0slfnlqj dozd|v wdnhv sodfh lq klv prgho1

Wr frqfoxgh wklv glvfxvvlrq/ lw lv zruwk qrwlqj wkdw rxu edvlf prgho ri lqwhuqdo fdslwdo

pdunhwv irfxvhv rq wkh ehqh�wv ri uhvrxufh  h{lelolw| zkloh qhjohfwlqj lwv frvwv1 Iluvw/ lq

pd{lpl}lqj wkh jurxs*v ydoxh/ wkh lqwhuqdo uhvrxufh doorfdwlrq pd| zhoo kxuw wkh lqwhuhvwv

ri lqglylgxdo vxevlgldulhv* vkduhkroghuv1 Krzhyhu/ e| wdnlqj dv h{rjhqrxv wkh jurxs*v lqlwldo

�qdqfldo vwuxfwxuh/ zh duh uxolqj rxw dq| djhqf| frvw wkdw pd| ghulyh iurp plqrulw| vkduh0

kroghu h{sursuldwlrq153 Prvw sdshuv rq s|udplgv vr idu kdyh grqh wkh uhyhuvh= Ehefkxn hw

do1 +4<<<, iru lqvwdqfh vwuhvv wkh djhqf| frvwv dulvlqj lq s|udplgdo jurxsv zkloh qhjohfwlqj

dq| ehqh�wv wkdw pd| udwlrqdol}h wkhlu h{lvwhqfh1 Vhfrqgo|/ zh duh dvvxplqj wkdw wkh jurxs

lv iuhh wr uhglvwulexwh dvvhwv dw | ' f exw qrw gdwh02 sur�wv1 Wklv uxohv rxw wkh srvvlelolw| wkdw

wkh khdgtxduwhuv* dxwkrulw| wr hqjdjh lq uhvrxufh uhdoorfdwlrq eoxqwv pdqdjhuldo lqfhqwlyhv

lq lqglylgxdo vxevlgldulhv1 Zh vkduh wklv dvvxpswlrq zlwk rwkhu prghov ri lqwhuqdo fdslwdo

pdunhwv +h1j1/ Pdwvxvdnd dqg Qdqgd 5335/ Vwhlq 4<<:,/ zlwk wkh srvlwlyh h{fhswlrq ri Euxvfr

dqg Sdqxq}l +5333,/ zkhuh glplqlvkhg pdqdjhuldo lqfhqwlyhv uhsuhvhqw wkh frvw ri dq h{0srvw

h!flhqw uhvrxufh doorfdwlrq1

Lq zkdw iroorzv/ zh vkrz wkdw uhvrxufh doorfdwlrq zlwklq d exvlqhvv jurxs dovr uhvsrqgv

wr wkh frpshwlwlyh hqylurqphqwv zkhuh vxevlgldulhv rshudwh1 Khqfh/ hvwdeolvklqj dq lqwhuqdo

fdslwdo pdunhw pd| hqjhqghu vxevwdqwldo vwudwhjlf dgydqwdjhv ru glvdgydqwdjhv1 Wklv lv d

ixuwkhu fkdqqho wkurxjk zklfk uhvrxufh  h{lelolw| pd| d�hfw d jurxs*v ydoxh1

4<Lq wkh dsshqgl{ +surri ri ohppd 7, zh fkdudfwhul}h wkh wkuhvkrog ohyho ri �4 ehorz zklfk wklv fdvh dulvhv1
53Ri frxuvh rqh pd| zrqghu zk| lq wkh �uvw sodfh plqrulw| vkduhkroghuv duh suhvhqw lq wkh jurxs*v �qdqfldo

vwuxfwxuh dw gdwh 31 Wklv txhvwlrq zrxog eh hdvlo| dgguhvvhg lq d prgho zlwk h{0dqwh xqfhuwdlqw| rq wkh
vxevlgldulhv* surgxfwlylw| ohyhov1 Lq vxfk d prgho/ wkh lqwhuqdo uhvrxufh uhdoorfdwlrq dfwv dv dq lqvxudqfh
phfkdqlvp djdlqvw qhjdwlyh vkrfnv wkdw fdq klw lqglylgxdo vxevlgldulhv1 Ghohjdwlqj frqwuro wr wkh jurxs*v
khdgtxduwhuv zrxog wkxv eh d fuhgleoh frpplwphqw wr d uhvrxufh doorfdwlrq wkdw lv h{0dqwh rswlpdo iru doo
vxevlgldulhv exw wkdw lqglylgxdo vxevlgldulhv* vkduhkroghuv pd| glvolnh h{0srvw1

46



6 Uhvrxufh doorfdwlrq zlwk surgxfw pdunhw frpshwl0

wlrq

Lq wklv vhfwlrq zh vwxg| krz wkh lqwhuqdo uhvrxufh doorfdwlrq lv d�hfwhg e| frpshwlwlyh

frqglwlrqv lq wkh pdunhwv zkhuh d jurxs rshudwhv1 Wkh dvvxpswlrqv duh wkh vdph dv lq wkh

edvlf prgho suhvhqwhg lq vhfwlrq 5/ h{fhsw wkdw qrz exvlqhvv xqlwv idfh lpshuihfw frpshwlwlrq

lq wkhlu uhvshfwlyh pdunhwv1 Vxevlgldu| � dqg vxevlgldu| 2 rshudwh lq vhsdudwh surgxfw

pdunhwv1 Wkxv/ wkh| gl�hu lq wkdw wkh| pd| eh idfhg zlwk pruh ru ohvv djjuhvvlyh frpshwlwruv1

Wr vlpsoli| wkh dqdo|vlv/ zh dvvxph wkdw vxevlgldu| � frpshwhv lq d gxrsro| pdunhw +pdunhw

4, zkloh vxevlgldu| 2 lv d prqrsrolvw lq lwv rzq pdunhw1 Zh ghqrwh e| - vxevlgldu| �*v ulydo1

Wkh wlplqj lv wkh iroorzlqj1 Dw | ' f/ wkh khdgtxduwhuv doorfdwhv�� dqg�2 wr vxevlgldulhv

� dqg 21 Dw | ' �/ hdfk pdqdjhu zulwhv d frqwudfw ik�j zlwk rxwvlgh lqyhvwruv wr udlvh U���

li qhhghg� Dw | ' 2 pdqdjhuv ri doo surgxfwlyh xqlwv vlpxowdqhrxvo| fkrrvh wkhlu ohyhov ri

xqyhul�deoh h�ruw e� E� ' �c 2c -�1 Dw | ' �/ uhwxuqv duh uhdol}hg1

Frpshwlwlrq lq pdunhw 4 lv prghoohg dv iroorzv1 D surgxfwlyh xqlw uhfhlyhv d uhwxuq Z rqo|

li lwv surmhfw vxffhhgv dqg wkh ulydo*v surmhfw grhv qrw/ rwkhuzlvh lw hduqv }hur154 Xqghu wklv

dvvxpswlrq/ xqlw �*v surmhfw +zlwk � ' �c -, jhqhudwhv d uhwxuq Z zlwk suredelolw| e� E�� e��

zkhuh � 9' � dqg e� lv �up �*v U)G h�ruw1 U)G h�ruw wkxv uhsuhvhqwv wkh vwudwhjlf yduldeoh

lq pdunhw �1 Doo h{rjhqrxv sdudphwhuv +�c U�c Zc q�/ dv zhoo dv frpshwlwlyh frqglwlrqv lq erwk

pdunhwv/ duh frpprq nqrzohgjh dprqj frpshwlwruv1

Ilqdoo|/ zh pdnh wkh iroorzlqj dvvxpswlrqv1 Iluvw/ �qdqfldo frqwudfwv duh qrw revhuyhg

e| surgxfw pdunhw ulydov zkhq U)G h�ruwv duh fkrvhq1 Wklv uxohv rxw dq| frpplwphqw

h�hfw dvvrfldwhg zlwk wkh fkrlfh ri frqwudfwv155 Vhfrqg/ wkh lqwhuqdo uhvrxufh doorfdwlrq lv

qrw revhuyhg e| surgxfw pdunhw ulydov hlwkhu +ru htxlydohqwo|/ khdgtxduwhuv fdqqrw fuhgleo|

frpplw wr d jlyhq doorfdwlrq,1 Wklv dvvxpswlrq uxohv rxw wkh srvvlelolw| ri d vwudwhjlf door0

fdwlrq ri lqwhuqdo ixqgv zlwklq wkh jurxs1 Lq vslwh ri wklv/ zh zloo vkrz wkdw wkh doorfdwlrq

ri lqwhuqdo uhvrxufhv zlwklq d frusrudwh jurxs grhv uhvsrqg wr surgxfw pdunhw idfwruv1

Zh qrz fkdudfwhul}h xqlw 4*v ehvw uhvsrqvh +l1h1 lwv hqwu| ghflvlrq dqg srvw0hqwu| h�ruw, wr

lwv ulydo*v frqwudfw/ wdnlqj wkh ulydo*v frqwudfw/ dqg wkxv lwv ohyho ri h�ruw/ dv jlyhq1 Wklv ehvw

uhvsrqvh lv d ixqfwlrq ri lqwhuqdo dvvhwv ��1 Wkhq zh �qg wkh rswlpdo uhvrxufh doorfdwlrq/

zklfk pd{lpl}hv wkh jurxs*v ydoxh wdnlqj wkh ulydo*v h�ruw dv jlyhq1

54Wklv lv wkh fdvh/ iru lqvwdqfh/ zkhq U)G iru d qhz surgxfw lv ehlqj fduulhg rxw/ dqg Ehuwudqg frpshwlwlrq
wdnhv sodfh ehwzhhq wzr vxffhvvixo lqqrydwruv1

55Lq rwkhu zrugv/ frqwudfwv duh revhuydeoh exw fdq eh vhfuhwo| uhqhjrwldwhg1 Khqfh/ rxu wkhru| grhv qrw
uho| rq Eudqghu dqg Ohzlv* +4<;9, dujxphqw wkdw �qdqfldo frqwudfwv uhsuhvhqw fuhgleoh frpplwphqwv1
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614 Rxwvlgh �qdqfh/ lqwhuqdo uhvrxufhv dqg frpshwlwlrq

Wkh �qdqfldo frqwudfwlqj sureohp ri xqlw 2 fdq eh vroyhg dorqj wkh olqhv ri Ohppd 4/ zlwk

Z uhsodflqj Z21 Wkh �qdqflqj sureohp ri d surgxfwlyh xqlw rshudwlqj lq pdunhw � lv dovr

dqdorjrxv wr wkh rqh dqdo|}hg lq vhfwlrq 516/ h{fhsw wkdw qrz wkh xqlw*v h{shfwhg sd|r�

lv e�E� � e-�Z/ khqfh E� � e-�Z pxvw vxevwlwxwh Z� wkurxjkrxw wkh prgho1
56 Wkh iroorzlqj

Ohppd fkdudfwhul}hv wkh �qdqfldo frqwudfw dqg wkh htxloleulxp h�ruw e� iru dq| jlyhq sdlu

Ee-c ���1

Ohppd 6 Iru dq| ohyho ri wkh ulydo*v h�ruw e- 5
�
fc ��

s
2qU

Z

�
wkhuh h{lvwv d wkuhvkrog ohyho

ri dvvhwv h��Ee-� 5
k
U � Z2E�3e-�2

eq
c U

l
vxfk wkdw=

� li �� � h��Ee-� wkh xqlw fdq rewdlq rxwvlgh �qdqfh dqg frpshwh lq pdunhw � >

kW

� lv ghfuhdvlqj lq ��> e
W

�E��c e-� lv lqfuhdvlqj lq �� dqg ghfuhdvlqj lq e-�

� li �� 	 h��Ee-�/ wkh xqlw lv hlwkhu xqsur�wdeoh ru fdqqrw rewdlq rxwvlgh ixqgv/

khqfh lw lv vkxw grzq1

Ehlqj frqiurqwhg zlwk d wrxjkhu frpshwlwru pdnhv lw pruh gl!fxow iru d �up wr rewdlq

rxwvlgh ixqgv/ wr wkh h{whqw wkdw dq lqfuhdvh lq e- uhgxfhv wkh �up*v sur�wdelolw| dqg wkxv

wkh lqfrph sohgjhdeoh wr lqyhvwruv1 Kdylqj d wrxjkhu frpshwlwru dovr zhdnhqv pdqdjhuldo

lqfhqwlyhv/ wkxv uhgxflqj h�ruw e�> khqfh/ frpshwlwlrq lq pdunhw 4 lv lq vwudwhjlf vxevwl0

wxwhv1 Qrwh �qdoo| wkdw lqfuhdvlqj e- lv htxlydohqw wr uhgxflqj Z� lq wkh prgho ri vhfwlrq 51

Wkhuhiruh/ iurp Ohppd 5 lw iroorzv wkdw dq lqfuhdvh lq e- uhgxfhv d exvlqhvv xqlw*v ydoxh

T�E��c e-�/ exw iru doo �� � h��Ee-� lw lqfuhdvhv lwv vhqvlwlylw| wr lqwhuqdo uhvrxufhv YT�

Y��

1

Zh duh qrz lq d srvlwlrq wr vroyh wkh khdgtxduwhuv* uhvrxufh doorfdwlrq sureohp lq | '

f1 Vlqfh wkh doorfdwlrq ri uhvrxufhv lv qrw revhuydeoh wr surgxfw pdunhw frpshwlwruv/ wkh

khdgtxduwhuv fkrrvhv �� dqg �2 wdnlqj wkh ulydo*v h�ruw e- dv jlyhq=

4@ 
��c�2

T� E��c e-� n T2 E�2�

r�|� �� n�2 ' ��

Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh lqwhuqdo uhvrxufh doorfdwlrq iru doo sdluv Ee-c ��=

56Wkxv/ �5

7�
? L dqg hU � 4�

s
5�L

�
uhsodfh dvvxpswlrq 41

48



Sursrvlwlrq 5 Iru dq| e- 5
�
fc ��

s
2qU

Z

�
c wkhuh h{lvwv d wkuhvkrog ohyho ri uhvrxufhv � Ee-�

vxfk wkdw/ li � � � Ee-� c lw lv rswlpdo iru d exvlqhvv jurxs wr rshudwh lq erwk pdunhwv dqg

dvvljq uhodwlyho| pruh uhvrxufhv wr wkh vxevlgldu| idflqj pruh lqwhqvh frpshwlwlrq1 Khqfh/

�W

� Ee-� : �W

2c zlwk �W

� Ee-� lqfuhdvlqj lq e-1 Li lqvwhdg � 	 � Ee-�/ doo uhvrxufhv duh glyhuwhg

wr wkh vxevlgldu| rshudwlqj lq wkh prqrsrolvwlf pdunhw1 Wkh wkuhvkrog � Ee-� lv vwulfwo| lq0

fuhdvlqj lq e-�

Surri1 Iroorz wkh dujxphqw ri Sursrvlwlrq 4*v surri/ diwhu vxevwlwxwlqj E�� e-�Z wr Z�

wkurxjkrxw1

Frqyhqwlrqdo zlvgrp krogv wkdw lq exvlqhvv jurxsv fdvk0 rzv jhqhudwhg e| prqrsrolvwlf

xqlwv duh xvhg wr vxevlgl}h wkrvh xqlwv idflqj lqwhqvh frpshwlwlrq1 Sursrvlwlrq 5 ghsduwv

iurp wklv fodlp lq wzr zd|v1 Iluvw/ uhvrxufh  h{lelolw| pd| zhoo hqfrxudjh d jurxs wr vzliwo|

h{lw d pdunhw zkhuh frpshwlwlrq lv wrxjkhqlqj= d yhu| kljk h�ruw h{shfwhg iurp frpshwlwruv

pd| lqfuhdvh wkh wkuhvkrog � Ee-� zhoo deryh wkh jurxs*v uhvrxufhv �c zklfk lq wxuq pdnhv lw

rswlpdo wr h{lw pdunhw 41 Khqfh/ yhu| lqwhqvh frpshwlwlrq pdnhv zlqqhu0slfnlqj udwkhu wkdq

furvv0vxevlgl}dwlrq pruh olnho|1 Lw lv wuxh krzhyhu wkdw li hlwkhu frpshwlwlrq lv qrw wrr vwurqj

ru wkh jurxs*v dvvhwv duh odujh hqrxjk/ � lv odujhu wkdq wkh wkuhvkrog � Ee-� dqg vxevlgl}dwlrq

ri wkh xqlw idflqj frpshwlwlrq ehfrphv rswlpdo1 \hw/ lq frqwudvw wr vwdqgdug ghhs0srfnhw

dujxphqwv/ rxu furvv0vxevlgl}dwlrq uhvxow grhv qrw uho| rq vwudwhjlf prwlydwlrqv=57 dv wkh

doorfdwlrq ri uhvrxufhv lv qrw revhuydeoh/ xqlw � lv qrw vxevlgl}hg wr d�hfw lwv frpshwlwru*v

ehkdylru/ exw vlpso| ehfdxvh lw idfhv d pruh sureohpdwlf dffhvv wr rxwvlgh �qdqfh dqg wkxv

pruh vhulrxv lqfhqwlyh sureohpv1

615 Ilqdqfldoo| frqvwudlqhg hqwu| ri exvlqhvv vxevlgldulhv yhuvxv
vwdqg0dorqh �upv

Zh duh lqwhuhvwhg lq vwxg|lqj krz d!oldwlrq wr d exvlqhvv jurxs d�hfwv d �up*v ehkdylru

lq wkh surgxfw pdunhw1 Wr wklv dlp/ zh wdnh dv d ehqfkpdun d vwdqg0dorqh �up hqgrzhg

zlwk dvvhwv �
2
	 U/ dqg frpsduh lwv hqwu| +ru v|pphwulfdoo| lwv h{lw, ghflvlrq lq pdunhw

� zlwk wkh ehkdylru ri d exvlqhvv0jurxs hqgrzhg zlwk uhvrxufhv � 	 2U158 Iurp Ohppd

6 zh nqrz wkdw wkh vwdqg0dorqh �up rshudwhv lq pdunhw � surylghg �
2
� h��Ee-�/ ru= � �

2 h��Ee-�� Sursrvlwlrq 5 lqvwhdg vwdwhv wkdw wkh jurxs hqwhuv +ru vwd|v, lq pdunhw � li dqg rqo| li

57Vhh Erowrq dqg Vfkduivwhlq +4<<3, iru d prgho zkhuh lqwhuqdo uhvrxufhv dqg �qdqfldo frqwudfwv/ ehlqj
revhuydeoh/ d�hfw wkh �up*v delolw| wr suh| rq ulydov dqg wr ghwhu suhgdwlrq1

58Zh wkxv dvvhvv wkh lpsdfw iru d vwdqg0dorqh xqlw ri d!oldwlrq wr d �up zlwk htxdo hqgrzphqw D
5
exw

idflqj d ohvv frpshwlwlyh hqylurqphqw1
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� � � Ee-�1 Erwk 2 h��Ee-� dqg � Ee-� duh vwulfwo| lqfuhdvlqj lq e-/ l1h1 lqfuhdvhg frpshwlwlrq

pdnhv hqwu| ohvv olnho|1 Krzhyhu/ wkh fxw0r� ohyho ri dvvhwv ehorz zklfk hqwu| lv suhyhqwhg

+h{lw wuljjhuhg, glvsod|v d gl�huhqw vhqvlwlylw| wr wkh pdunhw*v frpshwlwlyh frqglwlrqv iru d

exvlqhvv jurxs zlwk uhvshfw wr d vwdqg0dorqh �up1 Wkh lpsolfdwlrqv ri wklv duh irupdoo|

vwdwhg lq wkh qh{w ohppd dqg looxvwudwhg lq Iljxuh 61

Ohppd 7 Wkhuh h{lvwv d ohyho ri wkh ulydo*v h�ruw ee- 5
�
��

t
HqU
�Z2 c �� �

s
qU

2Z

�
c vxfk wkdw

� Ee-� : 2 h��Ee-� li dqg rqo| li e- : ee-1
Surri1 Vhh wkh dsshqgl{1

^Iljxuh 6 khuh`

Uhvrxufh  h{lelolw| zlwklq wkh jurxs lv wkh nh| wr wklv uhvxow1 D vwdqg0dorqh �up h{lwv

d pdunhw zkhq lqfuhdvhg frpshwlwlrq hlwkhu pdnhv lw xqdeoh wr udlvh ixqgv ru gulyhv lwv qhw

suhvhqw ydoxh wr }hur1 Zkhq frpshwlwlrq lv qrw lqwhqvh/ furvv0vxevlgl}dwlrq rffxuv zlwklq

wkh jurxs/ vodfnhqlqj wkh xqlw*v �qdqfldo frqvwudlqw/ dqg khqfh pdnlqj wkh hqwu| ghflvlrq

ohvv vhqvlwlyh wr frpshwlwlyh frqglwlrqv1 Wkxv/ � Ee-� 	 2 h��Ee-�� Krzhyhu/ zkloh d vwdqg0

dorqh �up lv frpplwwhg wr lwv krph pdunhw d jurxs*v dvvhwv duh qrw/ dv wkh| fdq hdvlo| eh

vkliwhg wr pruh sur�wdeoh d!oldwhv1 Zkhq yhu| lqwhqvh frpshwlwlrq pdnhv xqlw 4 pxfk ohvv

sur�wdeoh wkdq lwv prqrsrolvwlf sduwqhu/ vxfk zlqqhu0slfnlqj h�hfw grplqdwhv/ dffrxqwlqj

iru dq lqfuhdvhg vhqvlwlylw| ri wkh fxw0r� � Ee-� wr frpshwlwlyh frqglwlrqv1 Wkxv/ iru kljk

ohyhov ri e-/ � Ee-� � 2 h��Ee-�1

Wr vxppdul}h/ uhvrxufh  h{lelolw| qhhg qrw pdnh wkh jurxs ohvv surqh wr vwd| lq pdunhw

� zlwk uhvshfw wr d vwdqg0dorqh �up1 Iru doo e- 	 ee-/ jurxs phpehuvkls/ surylglqj dffhvv

wr ghhshu srfnhwv/ pdnhv hqwu| pruh olnho|/ zkloh iru e- � ee-/ uhvrxufh  h{lelolw| wudqvodwhv
lqwr zlqqhu0slfnlqj/ pdnlqj hqwu| lq d kljko| frpshwlwlyh pdunhw ohvv olnho|1 Lq rwkhu zrugv/

uhvrxufh  h{lelolw| pdnhv d exvlqhvv jurxs pruh surqh wr hlwkhu vzliwo| h{lw d pdunhw lq

uhvsrqvh wr lqfuhdvhg frpshwlwlrq ru wr �vwd| dqg �jkw�/ lq olqh zlwk uhfhqw hpslulfdo �qglqjv

e| Nkdqqd dqg Wlfh +5334,159

59Nkdqqd dqg Wlfh vwxg| krz pxowlglylvlrqdo �upv dqg vwdqg0dorqh xqlwv lq wkh glvfrxqw ghsduwphqw
vwruh exvlqhvv uhdfwhg wr Zdo0Pduw*v hqwu| lqwr wkhlu pdunhwv ehwzhhq 4<:8 dqg 4<<91 Wkh| �qg wkdw
pxowlglylvlrqdo �upv gl�hu lq wkhlu uhvsrqvh wr qhz hqwu|= frpsduhg wr vwdqg0dorqh �upv/ wkh| �dsshdu wr
eh txlfnhu lq pdnlqj wkh ghflvlrq wr hlwkhu h{lw wkh glvfrxqw exvlqhvv ru vwd| dqg �jkw� dqg/ frqglwlrqdo rq
vwd|lqj/ lqyhvw pruh lq wkh glvfrxqw exvlqhvv wkdq wkhlu irfxvhg frxqwhusduwv1
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7 Wkh vwudwhjlf h�hfwv ri exvlqhvv jurxs d!oldwlrq

Frqyhqwlrqdo zlvgrp vxjjhvwv wkdw d!oldwlrq wr d exvlqhvv jurxs/ surylglqj dffhvv wr wkh

jurxs*v ghhs srfnhwv/ pdnhv d �qdqfldoo| frqvwudlqhg �up ohvv yxoqhudeoh wr hqwu| ghwhuuhqfh

dqg suhgdwru| sudfwlfhv ri ulydo �upv1 Dffruglqj wr wklv ylhz/ wkh uhvrxufh  h{lelolw| hqvxuhg

lq dq lqwhuqdo fdslwdo pdunhw zrxog uhsuhvhqw dq lpsruwdqw vwudwhjlf dgydqwdjh ri jurxs

d!oldwlrq1 Krzhyhu/ wklqjv duh qrw vr vwudljkwiruzdug/ dv rxu irupdo dqdo|vlv vkrzv1

714 Grhv jurxs d!oldwlrq idflolwdwh hqwu|B

Dvvxph wkdw �up - lv wkh lqfxpehqw lq pdunhw 4 dqg fdq frpplw wr d kljkhu U)G h�ruw1

Iru lqvwdqfh/ �up - kdv ghhs srfnhwv E�- : U� dqg dw | ' f fdq pdnh d frvwo| yhul�deoh

lqyhvwphqw lq h{shuwlvh wr uhgxfh lwv pdujlqdo frvw ri U)G h�ruw dqg wkxv vkliw lwv uhdfwlrq

ixqfwlrq xszdugv xqwlo hqwu| lv ghwhuuhg1 Ri frxuvh/ wkh pruh gl!fxow lv ghwhuulqj hqwu|/ wkh

ohvv olnho| lv �up - wr dgrsw d frvwo| frpplwphqw wr d wrxjk U)G vwudwhj|1 Iroorzlqj wkh

dqdo|vlv ri vhfwlrq 615/ zh gh�qh khuh wkh fxw0r� ohyhov ri wkh ulydo*v h�ruw wkdw ghwhu hqwu| lq

pdunhw 41 Iru d vwdqg0dorqh �up hqgrzhg zlwk dvvhwv �
2
/ hqwu| lv ghwhuuhg zkhq wkh ulydo*v

h�ruw lv h{shfwhg wr olh deryh he- � h�3�
�

�
�
2

�
1 Iru d exvlqhvv jurxs zlwk uhvrxufhv � dqg

hqmr|lqj d prqrsro| lq d vhfrqg pdunhw/ hqwu| lv ghwhuuhg li wkh ulydo*v h�ruw lv h{shfwhg wr

olh deryh e- � �
3�
E��1 Ohppd 7 lpphgldwho| lpsolhv wkh iroorzlqj uhvxow=

Fruroodu| 4 Wkhuh h{lvwv d ohyho ri dvvhwv e� 5 Efc 2U� vxfk wkdw e-E�� : he- �
�
2

�
li dqg rqo|

li � 	 e�1
Wklv uhvxow lpsolhv wkdw jurxs d!oldwlrq pd| erwk glvfrxudjh dqg lqylwh hqwu| ghwhuuhqfh

e| lqfxpehqw �upv1 D vwdqg0dorqh �up zlwk srru uhvrxufhv
�

�
2
	 e�

2

�
lv yxoqhudeoh wr hqwu|

ghwhuuhqfh pdnlqj lwv �qdqfldo frqvwudlqwv elqg1 D!oldwlrq wr d exvlqhvv jurxs hqmr|lqj

prqrsro| srzhu lq dqrwkhu pdunhw jxdudqwhhv dffhvv wr ghhs srfnhwv/ dqg khqfh uhgxfhv wkh

vhqvlwlylw| ri wkh �up*v �qdqflqj frqvwudlqwv wr wkh ulydov* dfwlrqv1 Lq wklv fdvh/ wkh lqwhuqdo

fdslwdo pdunhw dfwv dv d fuhglw olqh frqwudfw dlphg dw glvfrxudjlqj suhgdwlrq e| frpshwlqj

�upv1 Khqfh/ uhvrxufh  h{lelolw| doohyldwhv wkh gl!fxow| ri �qdqfldoo| frqvwudlqhg hqwu| iru

sur�wdeoh exw fdvk0srru vwdqg0dorqhv1

Krzhyhu/ d fdvk0ulfk vwdqg0dorqh �up grhv qrw ehqh�w iurp d!oldwlrq wr d jurxs hqmr|lqj

prqrsro| hovhzkhuh1 Lq idfw/ lq wklv fdvh zlqqhu0slfnlqj frqvlghudwlrqv pd| zhoo lqgxfh wkh

khdgtxduwhuv wr fkdqqho wkh �up*v uhvrxufhv wr lwv pruh sur�wdeoh prqrsrolvwlf d!oldwh dqg

h{lw pdunhw � li frpshwlwlrq lv wrxjkhqlqj wkhuh1 Khqfh/ uhvrxufh  h{lelolw| hqfrxudjhv wkh
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ulydo*v hqwu| ghwhuuhqfh ehkdylru/ zkhuhdv lqvwhdg wkh vwdqg0dorqh*v frpplwphqw ri uhvrxufhv

wr lwv krph pdunhw zrxog glvfrxudjh suhgdwru| sudfwlfhv1 Wklv uhvxow lv forvho| uhodwhg wr

Pdwvxvdnd dqg Qdqgd +5335,/ zkhuh wkh  h{lelolw| hqvxuhg e| lqwhuqdo fdslwdo pdunhwv dozd|v

hqwdlov d frpplwphqw frvw iru frqjorphudwh glylvlrqv15:

715 Jurxs d!oldwlrq dqg U)G vwudwhj|

Wr dqdo|}h wkh vwudwhjlf h�hfwv ri jurxs d!oldwlrq zh qrz frqvlghu wkh fdvh zkhuh hqwu| kdv

rffxuuhg/ dqg fkdudfwhul}h d vxevlgldu|*v U)G vwudwhj| dv rssrvhg wr wkdw ri d vwdqg0dorqh

�up hqgrzhg zlwk �
2
1 Lq idfw/ wr wkh h{whqw wkdw lqwhuqdo uhvrxufhv ghwhuplqh pdqdjhuldo

lqfhqwlyhv/ wkh U)G vwudwhj| ri wkh vwdqg0dorqh �uppd| vljql�fdqwo| fkdqjh xsrq d!oldwlrq

wr d exvlqhvv jurxs1

Zh nqrz iurp Sursrvlwlrq 5 wkdw 0 frqglwlrqdo xsrq hqwhulqj pdunhw 4 0 wkh exvlqhvv

jurxs dozd|v vxevlgl}hv xqlw 4/ khqfh

�W

�Ee-� :
�

2
iru doo e- 5 Efc e-E��o �

Wklv lqwhuqdo fdvk lqixvlrq lq wxuq uhgxfhv �up 4*v qhhg iru rxwvlgh �qdqfh dqg wkxv lpsuryhv

lwv h�ruw lqfhqwlyhv=

e�E�
W

�Ee-�� : e�

�
�

2

�
�

Wkhuhiruh/ d!oldwlrq wr wkh jurxs 0 surylghg hqwu| rffxuv 0 vkliwv wkh �up*v uhdfwlrq ixqfwlrq

xszdugv/ dqg lv wkxv d fuhgleoh frpplwphqw wr dgrsw d wrxjkhu U)G vwudwhj|1 Wklv lv lq

olqh zlwk h{lvwlqj hpslulfdo hylghqfh= Gxqqh hw do1 +4<;;, �qg wkdw dowkrxjk frqjorphudwhv

uhsuhvhqw rqo| 73 shufhqw ri qhz hqwudqwv/ wkh| dffrxqw iru 83 shufhqw ri wkh hqwudqwv* rxwsxw

lq doo wkh lqgxvwulhv dqdo|}hg1

^Iljxuh 7 khuh`

Lqghhg/ jurxs d!oldwlrq dovr d�hfwv wkh vorsh ri d �up*v uhdfwlrq ixqfwlrq1 E| ghulylqj d

vwdqg0dorqh*v rswlpdo h�ruw eW� +fkdudfwhul}hg lq Ohppd 6, zlwk uhvshfw wr e- rqh fdq rewdlq

wkh vorsh ri wkh ehvw uhso| ixqfwlrq=

_e�
_e-

'
YeW�
Ye-

�����
��'

�

2

	 f

5:Lq Pdwvxvdnd dqg Qdqgd +5335, furvv0vxevlgl}dwlrq qhyhu wdnhv sodfh/ khqfh lw lv dozd|v wkh fdvh wkdw
ihzhu uhvrxufhv duh dvvljqhg wr d glylvlrq zkhq qhz frpshwlwruv hqwhu lwv pdunhw1 Wkh glylvlrq lv wkxv
xqdeoh wr fuhgleo| frpplw wr dq hqwu|0ghwhuulqj ryhu0lqyhvwphqw1 Wklv h{sodlqv zk|/ lq vwdun frqwudvw zlwk
rxu uhvxowv/ dffhvv wr dq lqwhuqdo fdslwdo pdunhw dozd|v eulqjv d vwudwhjlf glvdgydqwdjh lq wkdw sdshu1
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Wkh vxevlgldu|*v ehvw uhso| ixqfwlrq er�Ee-� fdq lqvwhdg eh rewdlqhg e| soxjjlqj �W

�Ee-� lqwr

eW�E��c e-�1 Lwv vorsh lv wkhuhiruh=

_er� Ee-�

_e-
'

YeW�
Ye-

�����
��'�W

�
Ee-�

n
YeW�
Y��

Y�W

� Ee-�

Ye-
	 f

E�� En�

Wkh vhfrqg whup lq wkh deryh h{suhvvlrq fdswxuhv wkh uhdoorfdwlrq h�hfw1 Li wkh ulydo jhwv
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Wkh lpsdfw ri exvlqhvv jurxs d!oldwlrq rq U)G vwudwhj| lv vxppdul}hg lq wkh iroorzlqj

sursrvlwlrq dqg looxvwudwhg lq Iljxuh 71

Sursrvlwlrq 6 D!oldwlrq wr d exvlqhvv jurxs 0 frqglwlrqdo xsrq lwv hqwu| lq pdunhw 4 0

vkliwv d �up*v uhdfwlrq ixqfwlrq xszdugv dqg pdnhv lw  dwwhu1

Erwk uhvxowv mxvwli| zk| exvlqhvv jurxs d!oldwhv duh riwhq shufhlyhg dv gdqjhurxv hqwudqwv

lq wkh surgxfw pdunhw1

716 Dffrpprgdwhg hqwu| dqg surwhfwlrq iurp vwudwhjlf frpplw0
phqwv

Dv lv zhoo nqrzq/ lq fdvh ri dffrpprgdwhg hqwu| dq lqfxpehqw*v vwudwhjlf lqfhqwlyhv wr

frpplw wr d kljk ru d orz h�ruw ghshqg rq wkh qdwxuh ri frpshwlwlrq/ wkdw lv rq wkh vorsh

ri wkh hqwudqw*v ehvw uhso| ixqfwlrq15; Li U)G h�ruwv duh vwudwhjlf vxevwlwxwhv dv lv wkh fdvh

khuh/ dq lqfxpehqw �up kdv dq lqfhqwlyh wr frpplw wr d kljk h�ruw lq rughu wr pdnh wkh

hqwudqw vriwhu dqg lqfuhdvh lwv rzq sur�wv1 Wklv vwudwhjlf frpplwphqw lv pruh ydoxdeoh iru

wkh lqfxpehqw wkh odujhu lv wkh vwudwhjlf h�hfw/ l1h1 wkh uhgxfwlrq lq wkh hqwudqw*v h�ruw

iroorzlqj wkh lqfuhdvh lq lwv rzq h�ruw1 Kdylqj d  dwwhu uhdfwlrq ixqfwlrq/ d exvlqhvv jurxs

vxevlgldu| glvfrxudjhv wkh lqfxpehqw iurp dgrswlqj vxfk frvwo| frpplwphqw wr kljk U)G

5;Zh uhihu wr Ixghqehuj dqg Wluroh +4<;7, iru d wd{rqrp| ri wkh lqfxpehqw*v vwudwhjlf lqfhqwlyhv zkhq
wkh hqwudqw �upv duh vwdqg0dorqhv1 Wkhlu sdshu vkrzv wkdw d frpplwphqw vwudwhj| wr eh wrxjk lv dgrswhg
zkhq wkh hqwudqw*v uhdfwlrq ixqfwlrq lv grzqzdug0vorslqj1 Frqyhuvho|/ d frpplwphqw wr eh vriw dqg wkxv
pdnh wkh lqfxpehqw qrq0djjuhvvlyh lv rswlpdo zkhq wkh hqwudqw*v uhdfwlrq ixqfwlrq lv xszdug0vorslqj dqg
hqwu| lv dffrpprgdwhg1
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ohyhov1 Khqfh/ zkhq frpshwlwlrq lv lq vwudwhjlf vxevwlwxwhv/ exvlqhvv0jurxs d!oldwlrq lv d

ghihqvlyh uhvsrqvh wr ulydov wkuhdwhqlqj wr wdnh djjuhvvlyh suh0frpplwphqwv1

Vwudwhjlf frpsohphqwdulw| dqg exvlqhvv jurxs d!oldwlrq

Rqh pd| dowhuqdwlyho| dvn zkhwkhu exvlqhvv jurxs d!oldwlrq lv ghvludeoh zkhq U)G

h�ruwv duh vwudwhjlf frpsohphqwv15< Wklv uhtxluhv vhwwlqj xs d gl�huhqw prgho zkhuh vwurqj

U)G vslooryhuv pdnh d �up*v glvfryhu|pruh sur�wdeoh zkhq lwv ulydov lqyhvw pruh lq U)G163

Iru lqvwdqfh/ rqh pljkw dvvxph wkdw h{shfwhg U)G sur�wv duh=

e�Z n e�e-{Z

zlwk{Z : f fdswxulqj wkh h�hfw ri U)G vslooryhuv/ vr wkdw d �up*v surgxfwlylw| ri h�ruw Zn

e-{Z lv lqfuhdvlqj lq wkh ulydo*v h�ruw1 Lw lv hdv| wr vhh wkdw lq wklv prgho furvv0vxevlgl}dwlrq

zrxog vwloo pdnh d vxevlgldu|*v uhdfwlrq ixqfwlrq  dwwhu zlwk uhvshfw wr d vwdqg0dorqh*v/ wkh

uhdvrq ehlqj qrz wkdw uhvrxufhv duh gudlqhg iurp d xqlw zkrvh ulydo lv h{huwlqj d odujhu

h�ruw1 Wklv ri frxuvh kdv d gl�huhqw vwudwhjlf lpsolfdwlrq= dq lqfxpehqw dffrpprgdwlqj

hqwu| pd| zdqw wr frpplw wr d kljk U)G h�ruw vr dv wr vsxu wkh hqwudqw*v U)G> krzhyhu/

ehlqj ohvv uhvsrqvlyh wr wkh ulydo*v h�ruw/ d exvlqhvv jurxs vxevlgldu| glvfrxudjhv vxfk sur0

frooxvlyh vwudwhjlf pryh1 Wklv uhsuhvhqwv d vwudwhjlf frvw ri exvlqhvv jurxs d!oldwlrq zkhq

frpshwlwlrq lv lq vwudwhjlf frpsohphqwv1

717 Glvfxvvlrq dqg uhodwhg olwhudwxuh

Dv douhdg| glvfxvvhg lq wkh lqwurgxfwlrq dqg lq vhfwlrq 5/ rxu uhvxowv kdyh dq reylrxv uhodwlrq

zlwk wkh odujh erg| ri uhvhdufk rq lqwhuqdo fdslwdo pdunhwv1 Lq wklv vhfwlrq zh gudz wkh

uhodwlrq wr rwkhu vwudqgv ri olwhudwxuh1

Ilqdqfldoo| Frqvwudlqhg Hqwu|

Rxu uhvxowv rq vwdqg0dorqh hqwu| yhuvxv exvlqhvv jurxs hqwu| gudz rq wkh sulru lqwxlwlrq

wkdw zkhq h{whuqdo fdslwdo pdunhwv duh qrw shuihfw/ ghhs srfnhwv duh d vrxufh ri frpshwlwlyh

dgydqwdjh1 Ghhs srfnhwv doorz d �up wr hqjdjh lq suhgdwru| sudfwlfhv wr gulyh lwv ulydov

rxw ri wkh pdunhw/ ru dowhuqdwlyho| wr zlwkvwdqg suhgdwlrq +Whovhu 4<99,/ zkhuhdv �qdqfldo

5<Lq d suhylrxv yhuvlrq ri wklv sdshu +Fhvwrqh dqg Ixpdjdool 5334,/ zh prghohg U)G h�ruwv dorqj wkh olqhv
ri Djklrq hw do1 +4<<;, vr wkdw vwudwhjlf vxevwlwxwdelolw| dqg frpsohphqwdulw| lq U)G h�ruwv hqgrjhqrxvo|
durvh zlwklq wkh prgho1

63Lq d prgho zkhuh �upv frpshwh lq wkh surgxfw pdunhw dqg U)G vslooryhuv h{lvw/ G*Dvsuhprqw dqg
Mdftxhplq +4<;;, �qg lq idfw wkdw U)G lqyhvwphqwv pd| eh hlwkhu vwudwhjlf vxevwlwxwhv ru frpsohphqwv
ghshqglqj rq krz odujh U)G vslooryhuv duh1
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frqvwudlqwv xqghuplqh d �up*v delolw| wr hqgxuh d sulfh zdu +Ehqrlw 4<;7,164 Khqfh/ d

fdvk0srru �up pd| zdqw wr vljq d fuhglw olqh frqwudfw zlwk d edqn wr olplw wkh vfrsh iru

suhgdwlrq +Erowrq dqg Vfkduivwhlq 4<<3,1 Rxu sdshu exlogv d eulgjh ehwzhhq wkhvh zrunv

dqg wkh olwhudwxuh rq lqwhuqdo fdslwdo pdunhwv/ dqg txhvwlrqv wkh lqirupdo fodlp wkdw dffhvv

wr dq lqwhuqdo fdslwdo pdunhw dozd|v pdnhv d �up ohvv yxoqhudeoh wr hqwu| ghwhuuhqfh dqg

suhgdwru| sudfwlfhv1 Wkh prgho sursrvhg suhglfwv wkdw zkloh lq jhqhudo exvlqhvv jurxsv whqg

wr vxevlgl}h xqlwv idfhg zlwk pruh lqwhqvh frpshwlwlrq/ wkh| duh pruh surqh wkdq fdvk0ulfk

vwdqg0dorqhv wr h{lw d pdunhw zkhuh wrxjk suhgdwru| sudfwlfhv duh sxw lq sodfh1 Khqfh/ zkloh

d!oldwlrq wr d jurxs vklhogv fdvk0srru �upv iurp hqwu| ghwhuuhqfh/ lw fdq rqo| kdup wkrvh

�upv zlwk hqrxjk oltxlglw| wr zlwkvwdqg suhgdwru| sudfwlfhv dv vwdqg0dorqhv1

Rqh pljkw h{shfw wkdw h{whuqdo �qdqfh lv pruh gl!fxow wr rewdlq lq vhfwruv fkdudfwhul}hg

e| lqwdqjleoh dvvhw lqyhvwphqwv dqg vhyhuh dv|pphwulf lqirupdwlrq> dq hpslulfdo lpsolfdwlrq

ri rxu prgho lv wkxv wkdw exvlqhvv jurxs d!oldwlrq lv sduwlfxoduo| h�hfwlyh lq idyrulqj hqwu| lq

U)G0lqwhqvlyh lqgxvwulhv1 Wklv lv lq olqh zlwk wkh vw|ol}hg idfw wkdw pxowlqdwlrqdo hqwhusulvhv

duh riwhq suhvhqw lq kljk0whfk lqgxvwulhv +vhh h1j1 Fdyhv 4<;5,/ dqg lv dovr frqvlvwhqw zlwk

Eurfn*v +4<;9, �qglqj wkdw wkh rqo| phwkrg ri hqwu| lqwr wkh frpsxwhu lqgxvwu| lq wkh :3v

zdv �e| vxevlgl}dwlrq ri wkh frpsxwhu h�ruw iurp rwkhu dfwlylwlhv ri wkh frusrudwlrq/� dv

zdv wkh fdvh iru Jhqhudo Hohfwulf dqg UFD1

Frqjorphudwh Srzhu

Rxu sdshu dovr surylghv d irupdo iudphzrun wr dgguhvv frqfhuqv wkdw frqjorphudwlrq

+khuh lq wkh irup ri jurxs d!oldwlrq, pd| eh d vrxufh ri pdunhw srzhu1 Wkh frpshwlwlyh

ehkdylru ri pxowlpdunhw frusrudwlrqv kdv ehhq wkh remhfw ri d olwhudwxuh gdwlqj edfn wr

dw ohdvw Hgzdugv +4<88,165 Rxu uhvxowv duh reylrxvo| uhodwhg wr wkh lghd wkdw wkh dqwl0

frpshwlwlyh srwhqwldo ri frqjorphudwlrq uholhv rq furvv0vxevlgl}dwlrq/ zkhuhe| d �up xvhv lwv

sur�wv iurp rqh pdunhw wr vxssruw suhgdwru| sudfwlfhv lq dqrwkhu pdunhw1 Vlplodu frqfhuqv

kdyh ehhq h{suhvvhg zlwk uhvshfw wr pxowlqdwlrqdo hqwhusulvhv/ dqgpruh uhfhqwo| wr sulydwl}hg

Hxurshdq xwlolwlhv/ zklfk kdyh ehhq dffxvhg ri �qdqflqj djjuhvvlyh sulflqj deurdg xvlqj

sur�wv iurp surwhfwhg krph pdunhwv1

64Wklv hduo| sdshuv kdyh vsxuuhg d frqvlghudeoh dprxqw ri uhvhdufk rq wkh lqwhudfwlrq ehwzhhq �qdqfldo
vwuxfwxuh dqg surgxfw pdunhw ehkdylru1 Srlwhylq +4<;<, kdv dujxhg wkdw hqwudqwv duh pruh ohyhudjhg wkdq
lqfxpehqwv/ dqg wkxv pruh yxoqhudeoh wr suhgdwlrq/ ehfdxvh wkh| ehdu pruh vhyhuh dv|pphwulf lqirupdwlrq
ylv0ã0ylv lqyhvwruv1 Lq Pdnvlprylf +4<;;, dqg Vsdjqror +5333,/ frusrudwh �qdqfldo srolf| fdq kdpshu ru
idyru wdflw frooxvlrq dprqj frpshwlqj �upv1 Fhvwrqh dqg Zklwh +5335, vkrz lqvwhdg wkdw wkh �qdqfldo
frqwudfwv vljqhg e| lqfxpehqwv fdq ghwhu hqwu| e| d�hfwlqj wkh fuhglw pdunhw ehkdylru ri lqyhvwruv wrzdugv
hqwudqw �upv1

65Vhh dovr Fdyhv +4<;5,/ Whhfh +4<;5,/ dv zhoo dv ydq Zlwwhorrvwxlmq +4<;7, iru d eurdg vxuyh| ri wkh wrslf1
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Suredeo| wkh pdlq ohvvrq iurp rxu irupdo dqdo|vlv lv wkdw rqh vkrxog eh fdxwlrxv derxw

dvvrfldwlqj dqwl0frpshwlwlyh h�hfwv wr exvlqhvv jurxsv* suhvhqfh lq d pdunhw1 Iru lqvwdqfh/

Fruroodu| 4 jlyhv frqglwlrqv xqghu zklfk jurxs d!oldwlrq doorzv d �up wr ryhufrph hqwu|

ghwhuuhqfh vwudwhjlhv ri ghhs srfnhwhg lqfxpehqwv/ dqg wkxv khosv uhgxfh lqgxvwu| frqfhq0

wudwlrq1 Jurxs phpehuvkls fdq dovr uhsuhvhqw wkh rqo| phdqv ri hqwu| lq pdunhwv zklfk

duh douhdg| grplqdwhg e| exvlqhvv jurxsv166 Ixuwkhupruh/ hqwudqw exvlqhvv jurxsv pd|

zhoo surprwh frpshwlwlrq e| dgrswlqj pruh djjuhvvlyh vwudwhjlhv wkdq vwdqg0dorqh �upv

zrxog +vhh Sursrvlwlrq 6,1 Ri frxuvh/ rqfh exvlqhvv jurxsv kdyh hqwhuhg d pdunhw dqg hq0

mr| prqrsro| uhqwv hovhzkhuh/ wkh| dovr ehdu dq dqwl0frpshwlwlyh srwhqwldo/ wr wkh h{whqw

wkdw dffhvv wr ghhs0srfnhwv dqg frpplwphqw wr wrxjk vwudwhjlhv pd| vrrq wxuq wkhp lqwr

gdqjhurxv suhgdwruv gulylqj ulydov rxw ri wkh pdunhw1 Lw lv wkxv ohvv reylrxv zkhwkhu wkh

sur0frpshwlwlyh h�hfw ri jurxs hqwu| odvwv iru orqj1 Zklfk h�hfw lv wkh prvw uhohydqw lq

sudfwlfh lv odujho| dq hpslulfdo txhvwlrq/ rq zklfk wkh dydlodeoh hylghqfh lv qrw frqfoxvlyh167

Pxowlpdunhw Vslooryhuv

Dpdlq lpsolfdwlrq ri rxu prgho lv wkdw lqwhuqdo uhvrxufh  h{lelolw| zlwklq exvlqhvv jurxsv

jhqhudwhv pxowlpdunhw vslooryhuv/ vr wkdw idfwruv d�hfwlqj frpshwlwlrq lq rqh pdunhw dovr di0

ihfw wkh exvlqhvv jurxs*v +dqg lwv ulydov*, vwudwhjlhv lq d vhfrqg pdunhw1 Lq idfw/ rxu sdshu lv

forvho| uhodwhg wr Exorz hw do1*v +4<;8, hduo| irupdol}dwlrq ri pxowlpdunhw vslooryhuv1 Lq wkhlu

prgho/ d �up lv d prqrsrolvw lq rqh pdunhw +vd|/ pdunhw 5, dqg frpshwhv lq vwudwhjlf vxe0

vwlwxwhv +ru frpsohphqwv, lq dqrwkhu/ roljrsro| pdunhw +pdunhw 4,1 Dv surgxfwlrq frvwv duh

lqwhughshqghqw/ d fkdqjh ri frqglwlrqv lq wkh prqrsro| pdunhw ohdgv wkh �up wr uhrswlpl}h

lwv ryhudoo surgxfw pdunhw vwudwhjlhv/ dqg wkxv dovr d�hfwv wkh htxloleulxp lq wkh roljrsro|

pdunhw1 Iru lqvwdqfh/ li wkhuh duh mrlqw hfrqrplhv ri vfrsh dfurvv pdunhwv/ d srvlwlyh ghpdqg

vkrfn lq pdunhw 5 ohdgv wkh �up wr dgrsw d pruh djjuhvvlyh vwudwhj| lq pdunhw 4 dv zhoo/

zklfk pd| srvvleo| gulyh lwv ulydov rxw1

Lq rxu prgho/ wkh vljq ri pxowlpdunhw vslooryhuv ghshqgv rq wkh h{shfwhg �qdqfldo uhdf0

wlrq ri wkh exvlqhvv jurxs wr lqgxvwu| vkrfnv1 Iroorzlqj d vkrfn lq pdunhw 5/ wkh jurxs*v

66Zh wkdqn dq dqrq|prxv uhihuhh iru vsxuulqj wkhvh frqvlghudwlrqv1
67Iru lqvwdqfh/ Odzuhqfh +4<<4, vkrzv wkdw lpsruwv dqg hqwu| whqg wr eh orz lq Mdsdqhvh pdunhwv zkhuh

nhluhwvx0d!oldwhg �upv kdyh odujh pdunhw vkduhv1 Zhlqvwhlq dqg \dihk +4<<8, h{sodlq wklv hylghqfh zlwk
wkhlu �qglqj wkdw nhluhwvx0d!oldwhg �upv frpshwh pruh djjuhvvlyho|1 Krzhyhu/ ohjdo vfkroduv kdyh dujxhg
wkdw wkh sur0frpshwlwlyh h�hfw ri jurxsv riwhq suhydlov/ dqg lv lqghhg wkh uhdvrq zk| lqfxpehqwv uhdfw wr
jurxs hqwu| e| eulqjlqj frpsodlqwv wr frpshwlwlrq dxwkrulwlhv1 Iru lqvwdqfh/ lq 4<;4 wkh XV �up ]hqlwk
dffxvhg Pdwvxvklwd dqg rwkhu Mdsdqhvh �upv ri vxevlgl}lqj suhgdwru| sulfhv lq wkh XV whohylvlrq vhw pdunhw
zlwk sur�wv iurp grphvwlf vdohv/ exw hyhqwxdoo| wkh Vxsuhph Frxuw uxohg rxw d fdvh iru suhgdwlrq1 Uhfhqw
vwxglhv kdyh frq�uphg h{0srvw wkdw wklv ghflvlrq zdv zhoo0wdnhq= Mdsdqhvh �upv qhyhu jdlqhg grplqdqfh ri
wkh XV pdunhw/ dqg wkh sulfh ri WY vhwv frqwlqxhg wr ghfolqh lq wkh srvw0hqwu| shulrg +vhh Ho}lqjd 4<<<,1
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khdgtxduwhuv uhrswlpl}hv wkh lqwhuqdo uhvrxufh doorfdwlrq/ zklfk d�hfwv vxevlgldu| 5 dqg vxe0

vlgldu| 4*v h{whuqdo �qdqflqj sureohp/ dqg wkxv wkhlu uhvshfwlyh surgxfw pdunhw vwudwhjlhv1

Nqrzlqj krz uhvrxufhv duh uhdoorfdwhg lq uhvsrqvh wr fkdqjhv lq gl�huhqw pdunhwv lv wkxv

fuxfldo wr dvvhvv krz pxowlpdunhw h�hfwv zrun xqghu wkh lq xhqfh ri lqwhuqdo fdslwdo pdunhw

skhqrphqd168 Wklv lv zkhuh rxu sdshu pdnhv d qryho frqwulexwlrq wr wkh xqghuvwdqglqj ri

pxowlpdunhw frpshwlwlrq1

8 Frqfoxvlrq

Frpshwlwlrq dxwkrulwlhv kdyh riwhq srlqwhg dw �qdqfldo idfwruv dqg lqwhuqdo fdslwdo pdunhw

skhqrphqd dv wkh vrxufh ri wkh dqwl0frpshwlwlyh lpsdfw ri exvlqhvv jurxsv169 \hw/ dqwlwuxvw

ghflvlrqv vr idu frxog qrw uho| rq d irupdo dvvhvvphqw ri �qdqfldoo|0gulyhq pxowlpdunhw h�hfwv1

Rxu sdshu pdnhv d �uvw dwwhpsw dw �oolqj wklv jds1 Wr wklv sxusrvh/ zh kdyh dqdo|}hg wkh

ixqfwlrqlqj ri lqwhuqdo fdslwdo pdunhwv lq exvlqhvv jurxsv/ vkrzlqj wkdw erwk zlqqhu0slfnlqj

dqg furvv vxevlgl}dwlrq pd| rffxu lq ydoxh pd{lpl}lqj jurxsv1 Vhfrqgo|/ zh kdyh vwxglhg

wkh vwudwhjlf h�hfwv ri jurxs phpehuvkls/ dujxlqj wkdw wkh uhvrxufh  h{lelolw| eulqjv erwk

vwudwhjlf ehqh�wv dqg frvwv1

Wkhuh duh vrph lvvxhv wkdw rxu sdshu grhv qrw ghdo zlwk1 Rxu prgho grhv qrw dlp

dw h{sodlqlqj zk| d s|udplgdo vwuxfwxuh lv sxw lq sodfh1 Wdnlqj wkh jurxs*v vwuxfwxuh dv

h{rjhqrxv/ zh vwxg| lwv lqwhuqdo uhvrxufh doorfdwlrq surfhvv/ dqg wkh lpsolfdwlrqv ri wklv

iru wkh phpehu �upv* frpshwlwlyh ehkdylru1 Rwkhu sdshuv +h1j1/ Ehefkxn hw do1 4<<<,

kdyh irfxvvhg rq plqrulw| vkduhkroghuv* h{sursuldwlrq lq s|udplgdo jurxsv dqg vwuhvvhg

wkh lpsolhg djhqf| frvwv/ wkxv udlvlqj wkh sx}}oh ri zk| s|udplgv h{lvw lq wkh �uvw sodfh1

Frqyhuvho|/ zh kdyh dvvxphg d s|udplgdo vwuxfwxuh zkhuh plqrulw| vkduhkroghuv duh vlohqw

lq wkh idfh ri srwhqwldo h{sursuldwlrq/ dqg udwkhu irfxvhg rq wkh ryhudoo ehqh�wv ri uhvrxufh

 h{lelolw| iru wkh jurxs1 Lq idfw/ lq wkh qrq0vwudwhjlf vhwwlqj ri vhfwlrq 5 zh rqo| vwuhvvhg

68Frqvlghu iru lqvwdqfh wkh fodlp wkdw dq lqfxpehqw jurxs fdq h{whqg lwv prqrsro| srzhu dfurvv lqgxvwulhv1
Lqghhg/ wkh srwhqwldo iru dqwl0frpshwlwlyh vslooryhuv juhdwo| ghshqgv rq wkh jurxs*v h{shfwhg �qdqfldo uhdfwlrq
wr hqwu|= d ulydo zloo eh glvfrxudjhg iurp +hqfrxudjhg wr, hqwhulqj li kh h{shfwv furvv0vxevlgl}dwlrq ri
+uhvrxufh gudlqdjh iurp, wkh vxevlgldu| idflqj klv hqwu|1 Wkxv/ dq hpslulfdo suhglfwlrq ri rxu prgho lv wkdw
exvlqhvv jurxsv duh ehwwhu dw ghwhuulqj hqwu| ri vpdoo �upv/ dv wklv lv h{shfwhg wr vsxu d furvv0vxevlgl}dwlrq
uhvsrqvh/ exw lqylwh odujh vfdoh hqwu|/ zklfk udwkhu ohdgv wkh jurxs wr vfdoh grzq lwv suhvhqfh lq d pdunhw1

69Iru lqvwdqfh/ uhfhqwo| wkh Hxurshdq Frpplvvlrq kdv pdlqwdlqhg wkdw iroorzlqj d phujhu zlwk Jhqhudo
Hohfwulf/ Krqh|zhoo zrxog kdyh ehhq deoh wr dgrsw suhgdwru| sudfwlfhv uho|lqj rq JH*v �qdqfldo vwuhqjwk1
Vlplodu frqfhuqv kdyh ehhq h{suhvvhg e| wkh Lwdoldq frpshwlwlrq dxwkrulw| zlwk uhvshfw wr Lwdo|*v Hqho xvlqj
lwv prqrsro| hohfwulflw| sur�wv wr ex| lwv zd| lqwr wkh whohfrpv vhfwru +vhh Wkh Hfrqrplvw/ Vshfldo Uhsruw
rq Sulydwl}dwlrq lq Hxursh/ Mxqh 5<wk 5335,1
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wkh ehqh�wv ri lqwhuqdo fdslwdo pdunhwv/ zkhuhdv wkh rqo| frvwv ri uhvrxufh  h{lelolw| dulvh

lq wkh vwudwhjlf hqylurqphqw ri vhfwlrqv 6 dqg 71 Zh uhihu wr uhodwhg zrun +h1j1/ Euxvfr dqg

Sdqxq}l 5333, iru dq dqdo|vlv ri wkh frvwv dqg ehqh�wv ri d fhqwudol}hg frqwuro rq uhvrxufhv1

Rxu prgho lv qrw rqh ri glyhuvl�fdwlrq> khqfh/ zh fdqqrw pdnh suhglfwlrqv rq wkh lpsdfw

ri glyhuvl�fdwlrq rq jurxsv* lqwhuqdo fdslwdo pdunhwv dqg phpehu �upv* surgxfw pdunhw

ehkdylru1 Ilqdoo|/ zh gr qrw dvn zklfk idfwruv ohdg hqwuhsuhqhxuv wr sxw lq sodfh exvlqhvv

jurxsv udwkhu wkdq pxowlglylvlrqdo �upv> Zroihq}rq +4<<<, dqg Qlfrgdqr +5335, surylgh wzr

hduo| dwwhpswv dw frpsdulqj wkhvh rujdql}dwlrqdo irupv1
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Uhihuhqfhv

^4` Djklrq S1/ P1 Ghzdwulsrqw dqg S1 Uh| +4<<;,/ �Djhqf| Frvwv/ Ilup Ehkdylru dqg

wkh Qdwxuh ri Frpshwlwlrq�/ LGHL Grfxphqw gh Wudydlo Qr1 ::/ Lqvwlwxw g*Hfrqrplh

Lqgxvwulhooh/ Xqlyhuvlwì gh Wrxorxvh

^5` Dqwxqhv/ M1H1 +4<<7,/ Oldelolw| ri Frusrudwh Jurxsv= Dxwrqrp| dqg Frqwuro lq Sduhqw0

Vxevlgldu| Uhodwlrqvklsv lq XV/ Jhupdq dqg HX Odz/ Ervwrq= Noxzhu Odz ) Wd{dwlrq

Sxeolvkhuv

^6` Ehefkxn/ O1D1/ U1 Nuddnpdq dqg J1 Wuldqwlv +4<<<,/ �Vwrfn S|udplgv/ Furvv0

Rzqhuvkls/ dqg wkh Gxdo Fodvv Htxlw|= Wkh Fuhdwlrq dqg Djhqf| Frvwv ri Vhsdudwlqj

Frqwuro iurp Fdvk Iorz Uljkwv�/ QEHU Zrunlqj Sdshu qr1 9<84

^7` Ehqrlw/ M1 +4<;7,/ �Ilqdqfldoo| Frqvwudlqhg Hqwu| lq d Jdph zlwk Lqfrpsohwh Lqirupd0

wlrq�/ UDQG Mrxuqdo ri Hfrqrplfv/ 48= 7<307<<

^8` Eldqfkl/ P1/ P1 Eldqfr dqg O1 Hqultxhv +4<<:,/ �Rzqhuvkls/ S|udplgdo Jurxsv dqg wkh

Vhsdudwlrq ehwzhhq Rzqhuvkls dqg Frqwuro lq Lwdo|�/ lq Wkh Vhsdudwlrq ri Rzqhuvkls

dqg Frqwuro= D Vxuyh| ri : Hxurshdq Frxqwulhv1 Suholplqdu| Uhsruw wr wkh Hxurshdq

Frpplvvlrq/ Yro1 6/ Hxurshdq Frusrudwh Jryhuqdqfh Qhwzrun/ Euxvvhov

^9` Eldqfr/ P1 dqg J1 Qlfrgdqr +5335,/ �Exvlqhvv Jurxsv dqg Ghew�/ plphr/ Edqn ri

Lwdo| dqg Xqlyhuvlwã gl Wrulqr

^:` Eoxpehuj/ S1L1 +4<;<,/ Wkh Odz ri Frusrudwh Jurxsv= Sureohpv ri Sduhqw dqg Vxe0

vlgldu| Frusrudwlrqv xqghu Vwdwxwru| Odz ri Jhqhudo Dssolfdwlrq/ Ervwrq= Olwwoh/ Eurzq

^;` Erowrq S1 dqg G1V1 Vfkduivwhlq +4<<3,/ �D Wkhru| ri Suhgdwlrq Edvhg rq Djhqf| Sure0

ohpv lq Ilqdqfldo Frqwudfwlqj�/ Dphulfdq Hfrqrplf Uhylhz/ ;3= <60439

^<` Eudqghu M1D1 dqg W1U1 Ohzlv +4<;9,/ �Roljrsro| dqg Ilqdqfldo Vwuxfwxuh= wkh Olplwhg

Oldelolw| H�hfw�/ Dphulfdq Hfrqrplf Uhylhz/ :9= <890<:3

^43` Eurfn/ J1Z1 +4<;9,/ �Wkh Frpsxwhu Lqgxvwu|�/ lq Dgdpv Z1 hg1/ Wkh Vwuxfwxuh ri wkh

Dphulfdq Lqgxvwu|/ vhyhqwk hglwlrq/ Qhz \run= Pdfploodq

^44` Euxvfr/ V1 dqg I1 Sdqxq}l +5333,/ �Uhdoorfdwlrq ri Frusrudwh Uhvrxufhv dqg Pdqdjhuldo

Lqfhqwlyhv lq Lqwhuqdo Fdslwdo Pdunhwv�/ FHSU Glvfxvvlrq Sdshu qr1 5865
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^45` Exorz/ M1L1/ M1G1 Jhdqdnrsorv dqg S1G1 Nohpshuhu +4<;8,/ �Pxowlpdunhw Roljrsro|=

Vwudwhjlf Vxevwlwxwhv dqg Frpsohphqwv�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6= 7;;0844

^46` Fdyhv/ U1H1 +4<;5,/Pxowlqdwlrqdo Hqwhusulvh dqg Hfrqrplf Dqdo|vlv/ Fdpeulgjh= Fdp0

eulgjh Xqlyhuvlw| Suhvv

^47` Fhvwrqh/ J1 dqg F1 Ixpdjdool +5334,/ �Lqwhuqdo Fdslwdo Pdunhwv/ Furvv0Vxevlgl}dwlrq/

dqg Surgxfw Pdunhw Frpshwlwlrq�/ FHSU Glvfxvvlrq Sdshu qr1 5<68

^48` Fhvwrqh J1 dqg O1 Zklwh +5335,/ �Dqwl0Frpshwlwlyh Ilqdqfldo Frqwudfwlqj= Wkh Ghvljq

ri Ilqdqfldo Fodlpv�/ iruwkfrplqj lq wkh Mrxuqdo ri Ilqdqfh

^49` Fkhydolhu/ M1 +5333,/ �Zkdw Gr Zh Nqrz derxw Furvv0Vxevlgl}dwlrqB Hylghqfh iurp

wkh Lqyhvwphqw Srolflhv ri Phujlqj Ilupv�/ plphr/ Xqlyhuvlw| ri Fklfdjr

^4:` Fodhvvhqv/ V1/ V1 Gmdqnry dqg O1 Nodsshu +5333, �Wkh Uroh dqg Ixqfwlrqlqj ri Exvlqhvv

Jurxsv lq Hdvw Dvld dqg Fkloh�/ Uhylvwd DEDQWH/ 6+4,= <:043:/ Vdqwldjr/ Fkloh

^4;` G*Dvsuhprqw/ F1 dqg D1 Mdftxhplq +4<;;,/ �Frrshudwlyh dqg Qrqfrrshudwlyh U)G lq

Gxrsro| zlwk Vslooryhuv�/ Dphulfdq Hfrqrplf Uhylhz/ :;= 44660446:

^4<` Gldprqg/ G1 +4<;7,/ �Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg Prqlwrulqj�/ Uhylhz ri

Hfrqrplf Vwxglhv/ 84= 6<60747

^53` Gxqqh/ W1/ P1 Urehuwv dqg O1 Vdpxhovrq +4<;;,/ �Sdwwhuqv ri Ilup Hqwu| dqg H{lw lq

X1V1 Pdqxidfwxulqj Lqgxvwulhv�/ UDQG Mrxuqdo ri Hfrqrplfv/ 4<= 7<80848

^54` Hgzdugv/ F1G1 +4<88,/ �Frqjorphudwh Eljqhvv dv d Vrxufh ri Srzhu�/ lq QEHU Frq0

ihuhqfh Uhsruw= Exvlqhvv Frqfhqwudwlrq dqg Sulfh Srolf|/ Sulqfhwrq/ QM= Sulqfhwrq

Xqlyhuvlw| Suhvv

^55` Ho}lqjd/ N1J1 +4<<<, �Frooxvlyh Suhgdwlrq= Pdwvxvklwd yhuvxv ]hqlwk +4<;9,�/ lq Wkh

Dqwlwuxvw Uhyroxwlrq/ e| Nzrnd/ M1H1 dqg O1H1 Zklwh/ hgv1/ R{irug Xqlyhuvlw| Suhvv

^56` Hxurshdq Frusrudwh Jryhuqdqfh Qhwzrun +4<<:,/ Wkh Vhsdudwlrq ri Rzqhuvkls dqg

Frqwuro= D Vxuyh| ri : Hxurshdq Frxqwulhv1 Suholplqdu| Uhsruw wr wkh Hxurshdq Frp0

plvvlrq/ Euxvvhov= Hxurshdq Frusrudwh Jryhuqdqfh Qhwzrun
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^57` Ihuulv/ V1S1/ N1D1 Nlp dqg S1 Nlwvdexqqdudw +5336,/ �Wkh Frvwv +dqg Ehqh�wvB, ri

Glyhuvl�hg Exvlqhvv Jurxsv= Wkh Fdvh ri Nruhdq Fkdherov�/ Mrxuqdo ri Edqnlqj dqg

Ilqdqfh/ 5:= 58405:6

^58` Ioxfn/ ]1 dqg D1 O|qfk +4<<<,/ �Zk| Gr Ilupv Phujh dqg wkhq GlyhvwB D Wkhru| ri

Ilqdqfldo V|qhuj|�/ Mrxuqdo ri Exvlqhvv/ :5= 64<0679

^59` Ixghqehuj G1 dqg M1 Wluroh +4<;7,/ �Wkh Idw Fdw H�hfw/ wkh Sxss| Grj Sod| dqg wkh

Ohdq dqg Kxqju| Orrn�/ Dphulfdq Hfrqrplf Uhylhz/ :7= 694069;

^5:` Jhuwqhu U1K1/ G1V1 Vfkduivwhlq dqg M1F1 Vwhlq +4<<7,/ �Lqwhuqdo Yhuvxv H{whuqdo Fdslwdo

Pdunhwv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43<= 454404563

^5;` Kdgghq/ W1 +4<;6,/ Wkh Frqwuro ri Frusrudwh Jurxsv/ Orqgrq= Lqvwlwxwh ri Dgydqfhg

Ohjdo Vwxglhv

^5<` Kropvwuùp/ E1 dqg M1 Wluroh +4<<:,/ �Ilqdqfldo Lqwhuphgldwlrq/ Ordqdeoh Ixqgv dqg

wkh Uhdo Vhfwru�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 95= 99609<4

^63` Krxvwrq M1/ F1 Mdphv dqg G1 Pdufxv +4<<:,/ �Fdslwdo Pdunhw Iulfwlrqv dqg wkh Uroh ri

Lqwhuqdo Fdslwdo Pdunhwv lq Edqnlqj�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 79= 468097

^64` Krxvwrq M1 dqg F1 Mdphv +4<<;,/ �Gr Edqnlqj Lqwhuqdo Fdslwdo Pdunhwv Surprwh Ohqg0

lqjB�/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 55= ;<<0<4;

^65` Nkdqqd/ W1 +5333,/ �Exvlqhvv Jurxsv dqg Vrfldo Zhoiduh lq Hphujlqj Pdunhwv�/ Hxur0

shdq Hfrqrplf Uhylhz/ 77= :7;0:94

^66` Nkdqqd/ W1 dqg V1 Wlfh +5334,/ �Wkh Euljkw Vlgh ri Lqwhuqdo Fdslwdo Pdunhwv�/ Mrxuqdo

ri Ilqdqfh/ 89= 47;<04864

^67` Od Sruwd/ U1/ I1 Orsh}0gh0Vlodqhv dqg D1 Vkohlihu +4<<<,/ �Frusrudwh Rzqhuvkls Durxqg

wkh Zruog�/ Mrxuqdo ri Ilqdqfh/ 87= 7:4084:

^68` Odzuhqfh/ U1 +4<<4,/ �H!flhqw ru H{foxvlrqlvwB Wkh Lpsruw Ehkdylru ri Mdsdqhvh

Frusrudwh Jurxsv�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4= 644066;

^69` Ol G1 dqg V1 Ol +4<<9,/ �D Wkhru| ri Frusrudwh Vfrsh dqg Ilqdqfldo Vwuxfwxuh�/ Mrxuqdo

ri Ilqdqfh/ 84= 9<40:3<
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^6:` Pdnvlprylf Y1 +4<;;,/ �Fdslwdo Vwuxfwxuh lq Uhshdwhg Roljrsrolhv�/ UDQG Mrxuqdo ri

Hfrqrplfv/ 4<= 6;<073:

^6;` Pdwvxvdnd M1 dqg Y1 Qdqgd +5335,/ �Lqwhuqdo Fdslwdo Pdunhwv dqg Frusrudwh Uhirfxv0

lqj�/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ 44= 4:90544

^6<` Ph|hu P1/ S1 Plojurp dqg M1 Urehuwv +4<<5,/ �Rujdql}dwlrqdo Survshfwv/ Lq xhqfh

Frvwv/ dqg Rzqhuvkls Fkdqjhv�/ Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ 4=

<068

^73` Qlfrgdqr/ J1 +5335,/ �Exvlqhvv Jurxsv= Duh Wkh| Pruh H!flhqw wkdq Frqjorphudwhv

dqg Vwdqg0Dorqh XqlwvB�/ plphr/ Xqlyhuvlwã gl Wrulqr

^74` Shurwwl/ H1 dqg V1 Jhoihu +5334,/ �Uhg Edurqv ru Ureehu EdurqvB Jryhuqdqfh dqg

Lqyhvwphqw lq Uxvvldq Ilqdqfldo0Lqgxvwuldo Jurxsv�/ Hxurshdq Hfrqrplf Uhylhz/ 78=

49340494:

^75` Srlwhylq/ P1 +4<;<,/ �Ilqdqfldo Vljqdoolqj dqg wkh Ghhs0Srfnhw Dujxphqw�/ UDQG

Mrxuqdo ri Hfrqrplfv/ 53= 59073

^76` Udmdq U1/ K1 Vhuydhv dqg O1 ]lqjdohv +5333,/ �Wkh Frvw ri Glyhuvlw|= wkh Glyhuvl�fdwlrq

Glvfrxqw dqg Lqh!flhqw Lqyhvwphqw�/ Mrxuqdo ri Ilqdqfh/ 88= 680;7

^77` Urvvl/ J1 +4<<9,/ �Lo Ihqrphqr ghl Juxssl hg lo Glulwwr Vrflhwdulr�/ lq L Juxssl gl

Vrflhwã/ Ulylvwd ghooh Vrflhwã/ PU4:/ Edo}dulql S1/ J1 Fdufdqr/ J1 Pxfflduhool hgv1/

Plodqr= Jlx�uë Hglwruh

^78` Vdpskdqwkdudn/ N1 +5336,/ �Lqwhuqdo Fdslwdo Pdunhwv lq Exvlqhvv Jurxsv�/ plphr/

Xqlyhuvlw| ri Fklfdjr

^79` Vfkduivwhlq/ G1 dqg M1 Vwhlq +5333,/ �Wkh Gdun Vlgh ri Lqwhuqdo Fdslwdo Pdunhwv= Glyl0

vlrqdo Uhqw0Vhhnlqj dqg Lqh!flhqw Lqyhvwphqw�/ Mrxuqdo ri Ilqdqfh/ 88= 586:05897

^7:` Vfkduivwhlq/ G1 +4<<;,/ �Wkh Gdun Vlgh ri Lqwhuqdo Fdslwdo Pdunhwv LL= Hylghqfh iurp

Glyhuvl�hg Frqjorphudwhv�/ QEHU Zrunlqj Sdshu qr1 9685

^7;` Vklq K1 dqg U1 Vwxo} +4<<;,/ �Duh Lqwhuqdo Fdslwdo Pdunhwv H!flhqwB�/ Txduwhuo| Mrxu0

qdo ri Hfrqrplfv/ 786= 8640885
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^7<` Vsdjqror/ J1 +5333,/ �Vwrfn0Uhodwhg Frpshqvdwlrq dqg Surgxfw0Pdunhw Frpshwlwlrq�/

UDQG Mrxuqdo ri Hfrqrplfv/ 64= 55075

^83` Vwhlq M1F1 +4<<:,/ �Lqwhuqdo Fdslwdo Pdunhwv dqg wkh Frpshwlwlrq iru Frusrudwh Uh0

vrxufhv�/ Mrxuqdo ri Ilqdqfh/ 85= 4440466

^84` Whhfh/ G1M1 +4<;5,/ �Wrzdugv dqg Hfrqrplf Wkhru| ri wkh Pxowlsurgxfw Ilup�/ Mrxuqdo

ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 6= 6<096

^85` Whovhu/ O1J1 +4<99,/ �Fxwwkurdw Frpshwlwlrq dqg wkh Orqj Sxuvh�/ Mrxuqdo ri Odz dqg

Hfrqrplfv/ <= 58<05::

^86` ydq Zlwwhorrvwxlmq/ D1 dqg P1 ydq Zhjehuj +4<<5,/ �Pxowlpdunhw Frpshwlwlrq1 Wkhru|

dqg Hylghqfh�/ Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 4;= 5:605;5

^87` Zhlqvwhlq/ G1H1 dqg \1 \dihk +4<<8,/ �Mdsdqhvh Frusrudwh Jurxsv= Frooxvlyh ru Frp0

shwlwlyhB Dq Hpslulfdo Lqyhvwljdwlrq ri Nhluhwvx Ehkdylru�/ Mrxuqdo ri Lqgxvwuldo Hfr0

qrplfv/ 76= 68<06:9

^88` Zroihq}rq/ G1 +4<<<,/ �D Wkhru| ri S|udplgdo Rzqhuvkls�/ plphr/ Kduydug Xqlyhuvlw|
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9 Dsshqgl{

Surri ri Ohppd 5

+l, Iurp Ohppd 4 zh nqrz wkdw h�� fdq wdnh wzr ydoxhv1 Lq fdvh 4/ h�� � U � Z2

�

eq

khqfh Y h��

YZ�
	 f1 Lq fdvh 5/ h�� � ��

� zkhuh ��
� � Z2

�
3qU3Z�

s
Z2

�
32qU

q
vroyhv �� E��� ' f� Wulyldo

dojheud vkrzv wkdw
Y��

�

YZ�
	 f�

+ll, Zh wkhq suryh wkdw wkh ydoxh ixqfwlrq lv vkliwhg xszdugv dv Z� lqfuhdvhv1 Lq wkh

uhjlrq �� : h��=
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'
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n
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' eW� n
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dZ� � qeW� o : f
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�

YZ�
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: f� Lq wkh

uhjlrq �� � h��c lw fdq eh hdvlo| fkhfnhg wkdw T EZ�� � T EZ2� ;Z� 	 Z2�

+lll, Odvw/ zh frpsduh wkh vorshv ri T� dqg T2 +zlwk Z� 	 Z2, zkhq erwk xqlwv uhfhlyh wkh

vdph dprxqw ri lqwhuqdo uhvrxufhv= �� ' �2 ' �J � h��1 Uhphpehu wkdw li �
J 5

� h��c U
l
/
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� f� Qrwh wkdw d ghfuhdvh lq surgxfwlylw|

kdv wzr h�hfwv rq wkh vorsh ri wkh ydoxh ixqfwlrq1 Wkh �uvw whup uhsuhvhqwv wkh lqfhqwlyh

h�hfw= d vpdoohu Z� lpsolhv d pruh vhulrxv lqfhqwlyh sureohp/ wkxv d kljkhu +srvlwlyh, lpsdfw

ri dgglwlrqdo uhvrxufhv rq h�ruw
�

Y2eW
�

Y��YZ�
	 f

�
dqg khqfh rq wkh xqlw*v ydoxh1 Wkh vhfrqg whup
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Surri ri Sursrvlwlrq 4

Ohw xv dvvxph �uvw wkdw � � h�21 Li qrw/ wrwdo uhvrxufhv zrxog qrw hyhq doorz wkh prvw

surgxfwlyh xqlw wr udlvh ixqgv1 Vhfrqg/ li � 	 h�� n h�2/ rqo| rqh xqlw fdq eh �qdqfhg1

Reylrxvo|/ lw lv qhyhu rswlpdo wr vkxw wkh prvw surgxfwlyh xqlw/ khqfh wkh vroxwlrq lv wulyldo=

�� ' f dqg �2 ' �1 Wkh uhvw ri wkh surri wkxv irfxvhv rq wkh fdvh � � h�� n h�21 Wkh surri

surfhhgv lq wkuhh vwhsv1

Vwhs 4 � Wkh khdgtxduwhuv pxvw �uvw ghflgh zkhwkhu erwk vxevlgldulhv vkrxog rshudwh/

zklfk uhtxluhv vhwwlqj �� � h�� dqg �2 � h�2/ ru zkhwkhu wkh ohvv surgxfwlyh vxevlgldu|

vkrxog eh vkxw/ lq zklfk fdvh �� ' f dqg �2 ' �1

Vwhs 5 � Vxssrvh wkh khdgtxduwhuv ghflghv wr rshudwh erwk vxevlgldulhv1 Frqglwlrqdo rq

wklv/ wkh rswlpdo doorfdwlrq �W

� E�
W

2 ' ����� vroyhv=

4@ 
��

T�E��� n T2E�����

r�|� �� � h��/ ���� � h�2

Xqohvv wkh vhfrqg frqvwudlqw elqgv/ lq zklfk fdvh lw lv reylrxvo| �W

� � h�� : h�2 '

���W

� ' �W

2/ wkh vroxwlrq wr wklv sureohp vdwlv�hv wkh frqglwlrq=

YT�

Y��
� YT2

Y�2
� f

Xvlqj Ohppd 5 +lll, dqg wkh frqfdylw| ri T�E��/ wklv frqglwlrq lpsolhv �W

� : �W

21 Li erwk

vxevlgldulhv duh zruwk rshudwlqj/ wkhq furvv0vxevlgl}dwlrq wdnhv sodfh1

Vwhs 6 � Zh qrz lqyhvwljdwh zkhq lw lv lqghhg rswlpdo wr rshudwh erwk vxevlgldulhv +dqg

kdyh furvv0vxevlgl}dwlrq, udwkhu wkdq vkxw wkh ohvv surgxfwlyh rqh grzq +l1h1/zlqqhu0slfnlqj,1

Zh gh�qh=

`� E�� � T2E��� dT�E�
W

�� n T2E���W

��o

Rshudwlqj erwk vxevlgldulhv lv rswlpdo surylghg`� E�� 	 f1 Iurp wkh hqyhorsh wkhruhp

dqg wkh vwulfw frqfdylw| ri T2E�� ryhu d h�2c Uo/ lw iroorzv wkdw `� E�� lv vwulfwo| ghfuhdvlqj lq

�1 Lq sduwlfxodu/ iru � ' 2U lw lv dozd|v rswlpdo wr vwduw erwk xqlwv/ khqfh= `� E2U� �
f1 Dvvxph qrz wkdw `� E h�� n h�2� : f1 E| frqwlqxlw|/ wkhuh h{lvwv d wkuhvkrog ohyho ri

uhvrxufhv � 5
� h�� n h�2c 2U

l
vxfk wkdw erwk vxevlgldulhv duh nhsw rshq li dqg rqo| li � � �c

zkloh vxevlgldu| 4 lv vkxw iru � 	 �1 Iurp wkh vwulfw frqfdylw| ri T2E�� ryhu d h�2c Uo dqg
YT�

YZ�

���
��'�W

�

: f/ lw iroorzv wkdw Y�
YZ�

	 f�

65



Frqvlghu qrz wkh fdvh zkhuh `� E h�� n h�2� � f1 Lw lv vwudljkwiruzdug wkdw lq wklv fdvh

� ' h�� n h�2/ l1h1 iru doo � � h�� n h�2 lw lv qhyhu rswlpdo wr vkxw grzq vxevlgldu| 41 Lw fdq

eh fkhfnhg wkdw= Y�
YZ�

	 f1

Zh �qdoo| suryh d whfkqlfdo uhvxow wkdw zloo eh xvhg lq Ohppd 7=

Wkhuh h{lvwv d wkuhvkrog ohyho ri Z�c eZ� 5
�t

HqU
�
c Z2

�
c vxfk wkdw `� E h�� n h�2� : fc

dqg khqfh �EZ�� : h�� n h�2/ li dqg rqo| li Z� 	 eZ�� Lq rwkhu zrugv/ iru orz ohyhov ri Z�

zlqqhu0slfnlqj rffxuv hyhq li wkh jurxs*v uhvrxufhv duh vx!flhqw wr nhhs erwk xqlwv rshq�

E| wkh dvvxpswlrq Z2 : qU
�
2 n

s
2
�
/ zkhq Z� ' Z2 lw lv `� E h�2 n h�2� 	 f� Vhfrqg/

uhfdoo wkdw li Z� '
t

HqU
�
c T�E h��� ' f� Khqfhc `� E h�� n h�2� ' T2

� h�� n h�2

�
� T2

� h�2

�
: f�

Dv `� E h��n h�2� lv frqwlqxrxv dqg vwulfwo| ghfuhdvlqj lq Z� ryhu wkh lqwhuydo
�t

HqU
�
c Z2

�
/ wkh

uhvxow iroorzv1

Surri ri Ohppd 7

Zh vkrz �uvw wkdw wkh wkuhvkrogv � Ee-� dqg 2 h�� Ee-� frlqflgh dw wkh h{wuhphv ri wkh

lqwhuydo
�
fc ��

s
2qU

Z

�
ryhu zklfk e- ydulhv1 Dw e- ' fc xqlwv 4 dqg 5 duh lghqwlfdo/ khqfhh�� Ef� ' h�2 � U � Z2

eq
1 Wkh dvvxpswlrq Z : qU

�
2 n

s
2
�
hqvxuhv wkdw wkh jurxs rshudwhv

lq erwk +prqrsro|, pdunhwv surylghg lqwhuqdo uhvrxufhv duh hqrxjk wr doorz erwk xqlwv wr

udlvh h{whuqdo ixqgv/ khqfh= � Ef� ' 2 h�� Ef� ' 2
�
U � Z2

eq

�
� Dw e- ' � �

s
2qU

Z
c frpshwlwlrq

lv vr lqwhqvh wkdw wkh ydoxh ri d gxrsro| xqlw lv 3 dw wkh �uvw ehvw= T� EU� ' f� Wkxv/ wkh

khdgtxduwhuv lv lqgl�huhqw ehwzhhq rshudwlqj erwk xqlwv dqg glyhuwlqj doo uhvrxufhv wr xqlw 5

surylghg � � 2U( d vwdqg0dorqh �up lv lqgl�huhqw ehwzhhq vwduwlqj wkh surmhfw dqg vkxwwlqj

lw grzq surylghg �
2
� U � Wkxv/ �

�
��

s
2qU

Z

�
' 2 h��

�
��

s
2qU

Z

�
' 2U�

Zh qrz frpsduh � Ee-� dqg 2 h�� Ee-� iru doo e- 5
�
fc ��

s
2qU

Z

�
� Wkh odvw uhvxow lq

Sursrvlwlrq 4*v surri lpsolhv wkdw li e- � �� eZ�

Z
/ wkhq lw pxvw eh � Ee-� ' h�� Ee-� n h�2� Lq

wklv fdvh lw lv vwudljkwiruzdug wkdw � Ee-� 	 2 h�� Ee-�/ zlwk � Ee-�  dwwhu wkdq 2 h�� Ee-� �

Li lqvwhdg e- : �� eZ�

Z
c lw lv= � Ee-� : h�� Ee-�n h�2� Wr lqyhvwljdwh zkhwkhu lw lv � Ee-� 	

2 h�� Ee-� ru � Ee-� � 2 h�� Ee-�/ zh vwxg| wkh vljq ri `�
�
2 h��Ee-�

�
1 Lq idfw/ � : 2 h�� +,

`�
�
2 h��Ee-�

�
: f/ zkhuhdv � � 2 h�� +, `�

�
2 h��Ee-�

�
� f�

Wkuhh glvwlqfw fdvhv dulvh=

41 Li e- 5
�
�� eZ�

Z
c ��

t
HqU
�Z2

�
c h�� Ee-� ' �s

� Ee-� ' U � Z2E�3e-�2

eq
� Whglrxv fdofxodwlrqv

vkrz wkdw=

`�
�
2 h��

�
' ��2 � 2qU � Z

t
EZ2 n eqU � 2�2� n Z2

t
�� E�� e-�

e

eq
	 fc
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zkhuh zh kdyh gh�qhg= � � Z E�� e-� �

51 Frqvlghu qrz kljkhu ohyhov ri e-= e- 5
�
��

t
HqU
�Z2 c �� �

s
qU

2Z

�
1 Rqh fdq frpsxwh=

h�� Ee-� ' ��
� Ee-� '

�2
3qUn2�

s
E�232qU�

q
/ dqg=

`�
�
2 h��

�
'

U

2
� �2

eq
n

Z

u�
Z2 � �2qU n H�2 � H�

t
E�2 � 2qU�

�
eq

�

u
EZ2 n�2�

�
Z2 n b�2 � �SqU � H�

t
E�2 � 2qU�

�
eq

�

Lw fdq eh fkhfnhg wkdw`�
�
2 h��

�
	 f lq e- ' ��

t
HqU
�Z2 dqg`�

�
2 h��

�
: f lq e- ' �� �

s
qU

2Z

+xvlqj dvvxpswlrq 4 wkdw Z2 	 eqU,/ zlwk `�
�
2 h��

�
vwulfwo| frqfdyh lq e-1 Lw iroorzv wkdw

wkhuh h{lvwv d wkuhvkrog ee- 5
�
��

t
HqU
�Z2 c �� �

s
qU

2Z

�
vxfk wkdw `�

�
2 h��

�
: f li dqg rqo| li

e- 5
�ee-c �� �

s
qU

2Z

�
�

61 Ilqdoo|/ iru e- 5
�
�� �

s
qU

2Z
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s
2qU

Z

�
lw lv=
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�
2 h��

�
'

Z2

eq
�Un

��2

eq
��

s
�2 � 2qU

q
�

u
EZ2 n�2�

�
Z2 n b�2 � �SqU � H�

t
E�2 � 2qU�

�
eq

:

Iurp 4/ 5/ dqg 6/ lw iroorzv wkdw � Ee-� : 2 h�� Ee-� li dqg rqo| li e- 5
�ee-c �� s

2qU

Z

�
1
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Rê

Â

Iljxuh 6= Wkh hqwu| wkuhvkrogv � dqg 2 h�� duh lqfuhdvlqj ixqfwlrqv ri e-1 Iru orz +kljk,
ohyhov ri wkh ulydo*v h�ruw/ wkh jurxs lv pruh +ohvv, surqh wr hqwhu pdunhw 4 wkdq d irfxvhg
�up lv1
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Iljxuh 7= Wkh gdvkhg dqg frqwlqxrxv fxuyhv uhsuhvhqw/ uhvshfwlyho|/ wkh vwdqg0dorqh dqg wkh
vxevlgldu|*v U)G vwudwhj|/ zlwk hqwu| rffxuulqj li dqg rqo| li e- � he- E�*2� ru e- � e- E��1
Jurxs d!oldwlrq dozd|v pdnhv wkh uhdfwlrq ixqfwlrq  dwwhu1 Krzhyhu= lq fdvh +d,/ xsrq
d!oldwlrq wr wkh jurxs d fdvk0srru �up ehfrphv ohvv vhqvlwlyh wr hqwu| ghwhuuhqfh> lq fdvh
+e,/ xsrq d!oldwlrq wr wkh jurxs d fdvk0ulfk �up ehfrphv pruh vhqvlwlyh wr hqwu| ghwhuuhqfh1
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