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4Zhoo0nqrzq hpslulfdo vwxglhv wkdw glvfxvv wrhkrogv lqfoxgh Eudgoh|/ Ghvdl dqg Nlp +4<;;,/ Iudqnv dqg
Kduulv +4<;<,/ Mduuhoo dqg Srxovhq +4<;<,/ Vwxo}/ Zdonolqj/ dqg Vrqj +4<<3,/ Mhqqlqjv dqg Pd}}hr +4<<6,/
Ehwwrq dqg Hfner +4<<:,/ Iudqnv/ Pd|hu dqg Uhqqherrj +4<<:, dqg Mhqnlqvrq dqg Omxqjtylvw +4<<:,1
Wkhvh vwxglhv lqglfdwh wkdw d odujh shufhqwdjh ri elgghuv rzq wrhkrogv/ riwhq ri 43053 shufhqw ru pruh/ dw
wkh wlph wkh| pdnh r�huv1 +Ehwwrq dqg Hfner*v kljko| frpsuhkhqvlyh gdwd vhw ri 4686 wdnhryhu dwwhpswv
vkrzv wkdw derxw kdoi ri wkh lqlwldo elgghuv kdyh wrhkrogv1, Zh nqrz ri qr gdwd rq rswlrqv judqwhg wr
iulhqgo| elgghuv vxfk dv Nrkoehuj/ Nudylv/ dqg Urehuwv lq lwv r�hu iru Erughq ru X1V1 Vwhho lq lwv r�hu iru
Pdudwkrq Rlo/ ru vlplodu ghylfhv zklfk fdq h�hfwlyho| vhuyh dv _wrhkrog vxevwlwxwhv%1 Wkhuh lv dovr olwwoh
lqirupdwlrq rq wkh gl�huhqfhv lq wkh w|shv ri elgghuv zkr dftxluh wrhkrogv dqg wkrvh wkdw gr qrw1

5Iru qrq0frqwuroolqj vkduhkroghuv/ vwrfnv duh doprvw hqwluho| frpprq ydoxh dvvhwv1 Iru frpshwlqj OER
jurxsv/ zklfk duh olnho| wr dsso| vlplodu pdqdjhuldo dqg �qdqflqj whfkqltxhv wr dftxluhg frpsdqlhv/ wkh
frpprq ydoxh hohphqw suredeo| grplqdwhv1 Zkhq Zdoo Vwuhhw dqdo|vwv txrwh d frpsdq|*v _euhdn0xs
ydoxh% wkh| duh hvvhqwldoo| pdnlqj frpprq ydoxh hvwlpdwhv ri wkh ydoxh ri d frpsdq|*v exvlqhvvhv1

6Lq d sulydwh ydoxh dvfhqglqj dxfwlrq d qrq0wrhkroghu zloo eh xqd�hfwhg e| dq rssrqhqw*v elgglqj> li d
frpshwlwru kdv d wrhkrog wkhq lw zloo ehfrph pruh djjuhvvlyh li lw wklqnv wkhuh lv ohvv fkdqfh ri lwv rssrqhqw
gursslqj rxw dw dq| jlyhq sulfh1

7Wklv revhuydwlrq kdv dovr ehhq pdgh e| Elnkfkdqgdql +4<;;,/ lq vkrzlqj wkh ydoxh ri d uhsxwdwlrq iru
djjuhvvlyh elgglqj lq frpprq ydoxh dxfwlrqv1
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8Kluvkohlihu +4<<8/ Vhfwlrq 718, vkrzv wkdw lq wkh vshfldo fdvh ri ixoo lqirupdwlrq/ d vpdoo wrhkrog fdq
kdyh d elj h�hfw rq dq dvfhqglqj sulydwh0ydoxh dxfwlrq1 Wkh �up zlwk wkh orzhu ydoxh zloo gurs rxw dw d
sulfh mxvw ehorz wkh rwkhu elgghu*v ydoxdwlrq li lw kdv d vpdoo wrhkrog +dqg li dq| elgglqj frvwv duh vpdoo
hqrxjk,/ exw li lw kdv qr wrhkrog lw zloo elg qr ixuwkhu wkdq lwv rzq ydoxdwlrq +dqg zloo zlwkgudz iurp wkh
elgglqj li wkhuh duh dq| elgglqj frvwv,1

9Exunduw +4<<8, dqg Vlqjk +4<<9, kdyh pdgh wklv srlqw lq wkh frqwh{w ri d sulydwh0ydoxh dxfwlrq/ exw lq
wkhlu prghov d vpdoo wrhkrog kdv rqo| d vpdoo h�hfw1 Fkrzgku| dqg Qdqgd +4<<6, dujxh wkdw dq lqghewhg
�up pd| frpplw lwvhoi wr djjuhvvlyh elgglqj +dqg vr vrphwlphv ghwhu frpshwlwlrq, e| frpplwwlqj wr
�qdqfh wkh dftxlvlwlrq wkurxjk dgglwlrqdo ghew ri htxdo ru vhqlru sulrulw|/ dqg wkdw wklv pljkw vrphwlphv
ohdg wr ryhusd|phqw1
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:H{fhsw wkdw erwk Ehwwrq dqg Hfner +4<<:, dqg Mhqqlqjv dqg Pd}}hr +4<<6, �qg wkdw yhu| vpdoo
wrhkrogv ohdg wr pruh wdujhw pdqdjhphqw uhvlvwdqfh wkdq }hur wrhkrogv1 Wklv uhvxow zrxog eh h{sodlqhg
li/ dv zh dujxh qh{w/ �qdqfldo elgghuv duh pruh olnho| wr dftxluh wrhkrogv dqg/ ehfdxvh wkh| kdyh qr
sulydwh0ydoxh dgydqwdjh/ duh dovr pruh olnho| wr eh fkdoohqjhg1

;Zkloh lw pd| eh ohjdoo| gl�fxow iru d erdug wr uhixvh wr frqvlghu kljkhu vxevhtxhqw r�huv/ li lw fdq
dzdug wkh kljkhvw vhdohg elgghu d _euhdnxs ihh%/ rswlrqv wr ex| vwrfn/ ru rswlrqv wr sxufkdvh vrph ri wkh
frpsdq|*v glylvlrqv rq idyrudeoh whupv/ wkhq gh idfwr lw pd| fuhdwh d �uvw sulfh dxfwlrq1 +D _euhdn0xs%
ihh lv d ihh wkdw zrxog eh sd|deoh wr wkh kljkhvw vhdohg elgghu lq wkh hyhqw wkdw lw glg qrw xowlpdwho| zlq
wkh frpsdq|1, Wkxv rxu dqdo|vlv fdq mxvwli| wkh xvh ri _orfn0xs% surylvlrqv wr vxssruw wkh fuhglelolw| ri
d �uvw0sulfh dxfwlrq1 Iru suhylrxv dqdo|vhv ri wkh phulwv ri doorzlqj _orfn0xsv% vhh Ndkdq dqg Nodxvqhu
+4<<9, dqg wkh uhihuhqfhv flwhg wkhuh1
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<Wkdw lv/ wkh xwlolw| lv 53 fhqwv ehwwhu r� li wkh dvvhw lv vrog wr vrphrqh hovh iru d groodu pruh/ dqg lv
rqo| ;3 fhqwv zruvh r� li lw pxvw elg dq h{wud groodu wr zlq wkh dxfwlrq1 Wklv pdnhv wkh xwlolw|*v srvlwlrq
vwudwhjlfdoo| lghqwlfdo wr d wrhkroghu zlwk d 53 shufhqw vwdnh lq rxu prgho1

43Vhh PfDihh dqg PfPloodq +4<<5, dqg Hqjhoeuhfkw0Zljjdqv +4<<7,1
44Vhh Exunduw +4<<8,1
45Vhh Fudpwrq/ Jleerqv/ dqg Nohpshuhu +4<;:,1
46Wkh wkhru| khuh lv dovr forvho| uhodwhg wr rwkhu h{dpsohv lq zklfk rqh sod|hu kdv d vpdoo dgydqwdjh

+h1j1 d vpdoo sulydwh0ydoxh dgydqwdjh ru d uhsxwdwlrqdo dgydqwdjh, lq dq rwkhuzlvh sxuh frpprq0ydoxh
dxfwlrq> vhh Elnkfkdqgdql +4<;;,/ Exorz dqg Nohpshuhu +4<<:,/ dqg Nohpshuhu +4<<:,1
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47Exw lq Kluvkohlihu*v +4<<8, prgho zlwkrxw dv|pphwulf lqirupdwlrq d vpdoo wrhkrog kdv d odujh h�hfw1
Vhh qrwh 81

48Wkh iuhh0ulghu prghov surylgh d wkhruhwlfdo irxqgdwlrq iru wkh frqyhqwlrqdo zlvgrp wkdw dftxluhuv gr
qrw pdnh sur�wv rq dyhudjh/ mxgjhg e| wkhlu vxevhtxhqw vwrfn pdunhw shuirupdqfh1 Krzhyhu/ Orxjkudq dqg
Ylmk +4<<9, vkrz wkdw dftxluhuv zkr sd| fdvk gr pdnh sur�wv zkloh wkrvh wkdw lvvxh vwrfn xqghushuirup wkh
pdunhw/ mxvw dv rwkhu qrq0dftxlulqj htxlw| lvvxhuv gr1 Vr pdunhw sulfhv pd| ryhuvwdwh wkh frqvlghudwlrq
sdlg lq vwrfn wdnhryhuv/ dqg pdunhw uhwxuqv pd| xqghuvwdwh wkh uhdo sur�wdelolw| ri wkhvh wudqvdfwlrqv1
+Vlploduo|/ Udx dqg Yhupdhohq +4<<9, vkrz wkdw _ydoxh% frpsdqlhv dsshdu wr pdnh sur�wv rq whqghu
r�huv/ zkloh _jodprxu% frpsdqlhv/ wkrvh zkrvh vkduhv vhoo dw d kljk pxowlsoh ri errn ydoxh/ ghfolqh lq wkh
h{whqghg shulrg iroorzlqj wkh lvvxdqfh ri qhz htxlw| lq d wdnhryhu1, Wkhvh sdshuv duh wkhuhiruh frqvlvwhqw
zlwk wkh _elgglqj frqwhvw% prghov ri wrhkrogv/ lqfoxglqj rxuv/ lq zklfk elgghuv pdnh sur�wv1 Ri frxuvh/
wkhuh duh pdq| qrq0sxeolf lqyhvwruv/ vxfk dv sulydwh hqwuhsuhqhxuv dqg ohyhudjhg ex|rxw �upv/ zkr pdnh
d exvlqhvv ri dftxlulqj dqg uhrujdql}lqj frpsdqlhv/ dqg dsshdu wr eh yhu| sur�wdeoh rq dyhudjh1
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49Iru h{dpsoh/ zh �qg wkdw elgghuv* suredelolwlhv ri zlqqlqj duh lq sursruwlrq wr wkhlu wrhkrogv hyhq
zkhq wkh wrhkrogv duh duelwudulo| vpdoo1

4:Lw fdq eh fkhfnhg wkdw wkh htxloleulxp zh �qg lv frqwlqxrxv dv vpdoo sulydwh0ydoxh frpsrqhqwv duh
dgghg1 Vhh dovr Exorz/ Kxdqj/ dqg Nohpshuhu +4<<8, iru wkh jhqhudo sduwldoo| frpprq0ydoxh/ sduwldoo|
sulydwh0ydoxh/ fdvh1

4;Vhh Vhfwlrq 8 iru rxu dqdo|vlv ri d �uvw0sulfh dxfwlrq zlwk wrhkrogv/ dqg vhh Dyhu| +4<<9, dqg Gdqlho
dqg Kluvkohlihu +4<<9,/ iru sxuh frpprq0ydoxh dqg sxuh sulydwh0ydoxh prghov/ uhvshfwlyho|/ ri mxps0elgglqj
lq wkh devhqfh ri wrhkrogv1

4<Qrwh wkdw zlwk wrhkrogv zh rewdlq d xqltxh htxloleulxp lq wkh dvfhqglqj Hqjolvk dxfwlrq hyhq zlwk
sxuh frpprq ydoxhv1 Lw lv zhoo0nqrzq wkdw zkhq elgghuv kdyh qr lqlwldo vwdnhv lq wkh remhfw wkh| duh
frpshwlqj iru/ wkhuh lv pxowlsolflw| ri +shuihfw Ed|hvldq, htxloleuld/ exw zh vkrz wkdw +hyhq duelwudulo|
vpdoo, wrhkrogv uhvroyh wklv pxowlsolflw|1
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53Wklv dvvxpswlrq lv frqvlvwhqw zlwk wdnhryhu uhjxodwlrqv wkdw uhtxluh elgghuv wr glvforvh wkhlu vwdnhv1
54Dprqj wkh pdq| idfwruv wkdw frxog d�hfw wkh vl}h ri d elgghu*v wrhkrog duh wkh oltxlglw| ri wkh frpsdq|*v

vkduhv/ lqvwlwxwlrqdo frqvwudlqwv vxfk dv wkh Zlooldpv Dfw dqg VHF uxoh 49+e, zklfk pd| d�hfw vrph
elgghuv* delolw| wr uhwdlq sur�wv li d wrhkrog ri 43( ru pruh lv vrog/ wkh h�hfw ri dffxpxodwlqj vkduhv rq wkh
olnholkrrg ri duudqjlqj d iulhqgo| ghdo +dv lq Iuhhpdq +4<<4,,/ wkh suredelolw| wkdw pdqdjhphqw zloo �qg
rxw wkdw d wrhkrog lv ehlqj dffxpxodwhg dqg wkh udqjh ri pdqdjhphqw uhvsrqvh/ wkh ulvn wkdw lqirupdwlrq
ohdndjh derxw d srwhqwldo r�hu zloo fdxvh d suh0elg uxqxs lq wkh vwrfn sulfh +Vfkzhuw +4<<9, vkrzv wkdw d
suh0elg uxqxs irufhv d elgghu wr sd| pruh wr ex| d frpsdq|,/ dqg wkh dprxqw ri vkduhv khog e| wkh elgghu
sulru wr dq| ghflvlrq wr pdnh dq r�hu iru wkh frpsdq| +pdq| wrhkroghuv rzq odujh vwdnhv dffxpxodwhg
|hduv ehiruh d ex|rxw r�hu,1

55Wkxv doo vkduhkroghuv +lqfoxglqj wkh wzr elgghuv, duh dvvxphg wr eh zloolqj wr vhoo rxw wr wkh kljkhvw
elgghu vr zh duh ljqrulqj dq| iuhh0ulghu sureohpv ri wkh nlqg glvfxvvhg e| Jurvvpdq dqg Kduw +4<;3,1
Dovr/ doo r�huv duh dvvxphg wr eh elqglqj +zklfk lv vxssruwhg e| wkh ohjdo hqylurqphqwv ri wkh HF dqg
XV,1 R�huv duh iru doo wkh rxwvwdqglqj vkduhv1 +Sduwldo r�huv duh ohjdo xqghu grplqdqw XV odz exw rqo|
li wkh| duh qrq0glvfulplqdwlqj dqg zh zrxog rewdlq vlplodu uhvxowv lq wklv fdvh1, Vhh Exunduw +4<<8, dqg
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|�i t�@hi�L*_iht i UiT| |�i |�L M�__iht @t �f�

� 5L*��?} |�i �L_i*

W? |��t tiU|�L?c �i �ht| it|@M*�t� |�i ?iUitt@h) @?_ t��U�i?| UL?_�|�L?t uLh |�i i^��*�Mh��4

t|h@|i}�it Lu L�h 4L_i* Ewi44@t � @?_ 2�c ?i | tL*�i uLh |�i i^��*�Mh��4 E�hLTLt�|�L? ��c

@?_ |�i? U@*U�*@|i |�i i TiU|i_ hi�i?�i Lu |�i M�__iht @?_ |�i ?L?�M�__�?} t�@hi�L*_iht�

�) t|@?_@h_ @h}�4i?|tc �i LM|@�?

��__iht< i^��*�Mh��4 t|h@|i}�it 4�t| Mi T�hi t|h@|i}�it K�E|�� @?_ K�E|�� |�@| @hi UL?�

|�?�L�t @?_ t|h�U|*) �?Uhi@t�?} u�?U|�L?t Lu |�i�h |)Tit ��|� K�Ef� ' K�Ef� : �Efc f� @?_

PfDihh/ Ylqfhqw/ Zlooldpv/ dqg Kdyhqv +4<<6,/ s1 794/ iru pruh ohjdo ghwdlov1
56Lq dqdo|vlqj rxu dxfwlrq xvlqj pdujlqdo uhyhqxhv/ zh duh iroorzlqj Exorz dqg Urehuwv +4<;<, zkr �uvw

vkrzhg krz wr lqwhusuhw sulydwh0ydoxh dxfwlrqv lq whupv ri pdujlqdo uhyhqxhv/ dqg Exorz dqg Nohpshuhu
+4<<9, zkr h{whqghg wkhlu lqwhusuhwdwlrq wr frpprq0ydoxhv vhwwlqjv vxfk dv wklv rqh1 Vlqfh wkh pdujlqdo
uhyhqxh ri d elgghu lv h{dfwo| wkh pdujlqdo uhyhqxh ri wkh fxvwrphu zkr lv wkh vdph iudfwlrq ri wkh zd|
grzq wkh glvwulexwlrq ri srwhqwldo ex|huv lq wkh prqrsro| prgho/ wklv lqwhusuhwdwlrq doorzv wkh gluhfw
wudqvodwlrq ri uhvxowv iurp prqrsro| wkhru| lqwr dxfwlrq wkhru| dqg vr idflolwdwhv wkh dqdo|vlv ri dxfwlrqv
dqg wkh ghyhorsphqw ri lqwxlwlrq derxw wkhp1

57Vhh Exorz dqg Nohpshuhu +4<<:, iru glvfxvvlrq ri zkhq wklv dvvxpswlrq krogv lq wkh frpprq0ydoxh
fdvh1 Vhh dovr P|huvrq +4<;4,/ zkr fdoov wklv wkh _uhjxodu% fdvh lq klv odujho| sulydwh0ydoxh dqdo|vlv/
Exorz dqg Urehuwv +4<;<,/ zkr uhihu wr wklv dv grzqzdug0vorslqj pdujlqdo uhyhqxh lq wkhlu sulydwh0ydoxh
dqdo|vlv/ dqg Exorz dqg Nohpshuhu +4<<9,/ zkr dovr +pruh orrvho|, uhihu wr wklv dv grzqzdug0vorslqj
pdujlqdo uhyhqxh lq wkh jhqhudo fdvh1
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58Vhh Dsshqgl{ iru surri1
59Pdnlqj wklv dujxphqw dvvxphv el+wl, lv gl�huhqwldeoh1 Vwulfwo| zh vkrxog surfhhg e| qrwlqj wkdw w|sh

wm @ !m+wl, suhihuv txlwwlqj dw el+wl, wr el+wl .�wl,1 Wkhuhiruh

�m ^el+wl .�wl,� el+wl,`

�
4� �wl

4� wl

�
�

�
�wl
4� wl

��
el+wl,� y

�
wl> !m+wl,

��
. r+�e, . r+�y,>

lq zklfk r+�e, dqg r+�y, duh whupv ri vpdoohu rughuv wkdq/ uhvshfwlyho|/ �e � el+wl . �wl, � el+wl, dqg
�y � �wl � Cy

Cwl
1 Vr

olp vxs
�wl$3

el+wl .�wl,� el+wl,

�wl
� 4

�m

�
4

4� wl

��
el+wl,� y

�
wl> !m+wl,

��
=

Xvlqj wkh idfw wkdw m*v w|sh !m+wl .�wl, suhihuv txlwwlqj dw el+wl .�wl, wr el+wl, |lhogv wkh vdph htxdwlrq
h{fhsw zlwk wkh lqhtxdolw| uhyhuvhg dqg olp lqi lqvwhdg ri olp vxs/ vr wkh uljkw ghulydwlyh ri el+�, h{lvwv
dqg lv jlyhq e| +5,1 H{dplqlqj wkh lqfhqwlyhv iru m*v w|sh !m+wl, wr txlw dw el+wl ��wl, dqg iru m*v w|sh
!m+wl ��wl, wr txlw dw el+wl, frpsohwhv wkh dujxphqw e| vkrzlqj wkh ohiw ghulydwlyh h{lvwv dqg lv dovr jlyhq
e| +5,1
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5:Dvvxph/ iru frqwudglfwlrq/ wkdw dw vrph elgglqj ohyho w|sh wl*v rswlpdo vwudwhj| lv wr ghyldwh wr plplf
w|sh w3

l
A wl1 Revhuyh wkdw dw dq| srlqw d kljkhu w|sh kdv d juhdwhu lqfhqwlyh wkdq d orzhu w|sh wr uhpdlq lq

wkh elgglqj +wkh srwhqwldo jdlqv iurp vhoolqj rxw dw d kljkhu sulfh duh wkh vdph dqg wkh srwhqwldo orvvhv iurp
ehlqj vrog wr duh ohvv,1 Exw wkh ghulydwlrq ri wkh �uvw0rughu frqglwlrq ghprqvwudwhv wkdw d w|sh voljkwo|
ehorz w3

l
grhv qrw zlvk wr vwd| lq wkh elgglqj wr plplf w3

l
+vhh suhfhglqj qrwh,1 Vr wl suhihuv wr plplf wklv

w|sh wkdq wr plplf w3
l
/ zklfk lv d frqwudglfwlrq1

5;Rxu zrunlqj sdshu/ Exorz/ Kxdqj/ dqg Nohpshuhu +4<<8,/ h{whqgv wklv ohppd wr d pruh jhqhudo vhwwlqj
lq zklfk wkh elgghuv* ydoxdwlrqv ri wkh wdujhw frpsdq| kdyh erwk sulydwh0 dqg frpprq0ydoxh frpsrqhqwv/
dqg suryhv h{lvwhqfh dqg xqltxhqhvv ri htxloleulxp iru wkh jhqhudo fdvh1
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5<Pruh suhflvho|/ zlwkrxw wrhkrogv/ wkh wzr elgghuv* rswlpl}dwlrq frqglwlrqv duh ghjhqhudwh dqg vr fdqqrw
xqltxho| ghwhuplqh wkh wzr htxloleulxp vwudwhjlhv1 Lqwurgxflqj wrhkrogv euhdnv wklv ghjhqhudf|/ jlylqj wzr
glvwlqfw rswlpl}dwlrq frqglwlrqv zklfk xqltxho| ghwhuplqh wkh htxloleulxp vwudwhjlhv1
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Vr dq lqfuhdvh lq wkh vkduh ri wkh elgghu zlwk wkh odujhu wrhkrog ohdgv wr wkh rssrqhqw elgglqj pruh2ohvv
djjuhvvlyho| dffruglqj wr zkhwkhu klv w|sh lv ehorz2deryh vrph fxwr� ohyho1 Dq lqfuhdvh lq wkh vkduh ri
wkh elgghu zlwk wkh vpdoohu wrhkrog dozd|v uhvxowv lq erwk zhdn dqg vwurqj w|shv ri wkh rssrqhqw elgglqj
pruh djjuhvvlyho| zkloh lqwhuphgldwh w|shv elg ohvv djjuhvvlyho|1
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66Pruh dv|pphwulf wrhkrogv pd| lqfuhdvh wkh h{shfwhg zhdowk ri wkh qrq0elgglqj vkduhkroghuv li wkh

elgghu zlwk wkh kljkhu vljqdo grhv qrw qhfhvvdulo| kdyh wkh kljkhu pdujlqdo uhyhqxh1 Dq h{dpsoh lv
y @ w6l . w6m = Wkh uhdvrq lv wkdw hyhq d elgghu zlwk dq duelwudulo| wlq| wrhkrog kdv qr uhdvrq wr txlw ehorz
wkh ydoxh wkh frpsdq| zrxog kdyh li klv rssrqhqw kdg wkh orzhvw srvvleoh vljqdo1 Jhwwlqj wklv ydoxh iurp
wkh elgghu zlwk wkh vpdoohu wrhkrog � zkr lv htxdoo| olnho| wr eh wkh elgghu zlwk wkh ehwwhu ru wkh zruvh
lqirupdwlrq � |lhogv d kljkhu sulfh iru wklv ydoxdwlrq ixqfwlrq/ wkdq d pruh v|pphwulf frqwhvw lq zklfk
wkh sulfh lv pruh olnho| wr eh ghwhuplqhg e| wkh elgghu zlwk wkh zruvh lqirupdwlrq1 Iru ixuwkhu glvfxvvlrq
ri wkh dvvxpswlrq wkdw wkh elgghu zlwk wkh kljkhu vljqdo kdv wkh kljkhu pdujlqdo uhyhqxh vhh Exorz dqg
Nohpshuhu +4<<:,1
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69Ri frxuvh/ wklv uhvxow uholhv rq y+3> 3, @ 31 Pruh jhqhudoo|/ jlylqj dzd| rswlrqv zlwk h{huflvh sulfh
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6<Lq dq dvfhqglqj dxfwlrq/ zkhq elgghu l elgv pruh djjuhvvlyho|/ elgghu m pxvw elg ohvv/ ehfdxvh frqgl0
wlrqdo rq zlqqlqj dw dq| sulfh klv uhyhqxh lv orzhu1 +Wkdw lv/ elgglqj vwudwhjlhv duh _vwudwhjlf vxevwlwxwhv%
lq wkh whuplqrorj| lqwurgxfhg e| Exorz/ Jhdqdnrsorv/ dqg Nohpshuhu +4<;8,1, Lq d �uvw0sulfh dxfwlrq/ e|
frqwudvw/ elgghu m*v uhvsrqvh wr elgghu l elgglqj pruh lv dpeljxrxv= zkhq l elgv pruh/ m zdqwv wr elg ohvv
rq wkh jurxqgv wkdw klv pdujlqdo sur�w zkhq kh zlqv lv orzhu/ exw pruh rq wkh jurxqgv wkdw klv suredelolw|
ri zlqqlqj lv orzhu vr lqfuhdvlqj klv elg lv ohvv frvwo|1 Vr wkh dvfhqglqj0dxfwlrq orjlf wkdw zkhq l elgv d
olwwoh pruh/ m elgv d vlplodu dprxqw ohvv/ vr l elgv d vlplodu dprxqw pruh/ vr m elgv d vlplodu dprxqw ohvv/
hwf1/ grhv qrw dsso| lq �uvw0sulfh dxfwlrqv1

73Vhh Dsshqgl{ iru surri1 Wklv uhvxow grhv qrw ghshqg rq wkh dvvxpswlrq ri sxuh frpprq ydoxhv1 Vlqjk
+4<<8, rewdlqv wklv uhvxow iru wkh sxuh sulydwh0ydoxhv fdvh1

74Vhh Dsshqgl{ iru surri1
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75Krzhyhu wklv qhhg qrw eh wkh fdvh/ hyhq xqghu rxu dvvxpswlrq wkdw wkh elgghu zlwk wkh kljkhu vljqdo
kdv wkh kljkhu pdujlqdo uhyhqxh/ ehfdxvh lw lv qrw wuxh wkdw wkh kljkhu vljqdo zlqv lq wkh �uvw0sulfh dxfwlrq
lq hyhu| fdvh lq zklfk lw zlqv lq wkh dvfhqglqj dxfwlrq1

76Dq h{dpsoh zklfk vkrzv wkdw li wkh elgghu zlwk wkh kljkhu vljqdo grhv qrw dozd|v kdyh wkh kljkhu
pdujlqdo uhyhqxh/ wkhq dq dvfhqglqj dxfwlrq pd| dozd|v |lhog d kljkhu h{shfwhg sulfh wkdq d �uvw0sulfh
dxfwlrq lv y @ w6
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. w6m 1
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77Vhoolqj vkduhv dw sulfh s lv htxlydohqw lq wklv frqwh{w wr jlylqj rswlrqv iru wkh vdph qxpehu ri vkduhv
dw h{huflvh sulfh s1

78Qrwh wkdw zh kdyh vhw wkh edvh sulfh ri wkh vwrfn wr eh }hur li erwk elgghuv revhuyh wkh orzhvw srvvleoh
vljqdo1 Vr _jlyhq dzd| iuhh% khuh phdqv vhoolqj wkhp dw wkh edvh sulfh ri wkh vwrfn1

79Wkxv vhoolqj vkduhv/ ru jlylqj rswlrqv/ dw d sulfh forvh wr wkh orzhvw srvvleoh ydoxh ri wkh frpsdq| pd|
eh dffhswdeoh pdqdjhphqw ehkdylru lq d frqwh{w lq zklfk wkh ydoxh ixqfwlrq lv kdug wr dvvhvv1

7:Lq idfw vhoolqj/ ru jlylqj/ d vhfrqg wrhkrog lv hyhq pruh ghvludeoh wkdq wklv li lw lv grqh wkurxjk h1j1
lvvxlqj qhz vkduhv wkdw gloxwh wkh vl}h ri wkh �uvw elgghu*v vwdnh/ udwkhu wkdq e| mxvw vhoolqj d iudfwlrq ri wkh
qrq0elgglqj vkduhkroghuv* vkduhv1 Gloxwlrq lv suredeo| pruh uhdolvwlf exw lw zdv qrw qhhghg iru rxu uhvxow1
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TLh@|i A@!iL�iht�A�i N�k� , Tih�i?Ui �bDD��bHDc� aL�h?@* Lu 6�?@?U�@* ,UL?L4�Ut

2�c TT� 22D�2eb�

�b� a�*�@? +� 6h@?!tc �L*�? �� �@)ihc @?_ w�U +i??iMLL} E�bb.�c R�@T�|@* 5|h�U|�hic

��?iht��T @?_ �L@h_ +it|h�U|�h�?} �? �LLh*) �ihuLh4�?} �L4T@?�it�c � uLh_ N?��

�iht�|) L̀h!�?} �@Tih�

2f� �@hh) A� 6hii4@? E�bb��c R6h�i?_*) �t� OLt|�*iG A�i 6LL|�L*_ 5|@!i @t @ 5�}?@* Lu

|�i ��__ih<t W?|i?|�L?tc� L̀h!�?} T@Tihc 6i_ih@* Ah@_i �L44�tt�L?�

2�� 5@?uLh_ a� BhLtt4@? @?_ �*��ih #� O@h| E�bHf�c RA@!iL�ih ��_tc |�i 6hii�+�_ih

�hLM*i4c @?_ |�i A�iLh) Lu |�i �LhTLh@|�L?c� �i** aL�h?@* Lu ,UL?L4�Ut ��c TT� e2�

Se�



�f +iuihi?Uit

22� #@��_ O�ht�*i�uih E�bbD�c R�ih}iht @?_ �U^��t�|�L?tG 5|h@|i}�U @?_ W?uLh4@|�L?@* Wt�

t�it�� ��@T|ih 2S Lu 6�?@?Uic a@hhL�c +� ��c �@!�t4L��Uc V� @?_ ~�i4M@c `� A�

i_�|Lhtc �Lh|��OL**@?_c �L*�4i bc O@?_MLL!t �? �Tih@|�L?t +iti@hU� @?_ �@?@}i�

4i?| 5U�i?Ui�

2�� #@��_ O�ht�*i�uih @?_ 5�ih�_@? A�|4@? E�bbf�c R5�@hi Ai?_ih�?} 5|h@|i}�it @?_ |�i

5�UUitt Lu OLt|�*i A@!iL�ih ��_tc� aL�h?@* Lu �L*�|�U@* ,UL?L4) bHc TT� 2bD��2e�

2e� Bhi}} �� a@hhi** @?_ �??i||i �� �L�*ti? E�bHb�c R5|LU! Ah@_�?} �iuLhi |�i �?�

?L�?Ui4i?| Lu Ai?_ih �gihtG W?t�_ih Ah@_�?} Lh �@h!i| �@?�T�*@|�L?q� aL�h?@* Lu

w@�c ,UL?L4�Utc @?_ �h}@?�3@|�L? Dc TT� 22D�2eH�

2D� A�4 ai?!�?tL? @?_ �*i @?_ih w��?}^��t| E�bb.�c ROLt|�*i 5|@!it @?_ |�i +L*i Lu

�@?!t �? Bih4@? �LhTLh@|i BL�ih??@Ui�c � uLh_ N?��iht�|) L̀h!�?} �@Tih�

2S� +LMih| O� ai??�?}t @?_ ��U�@i* �� �@33iL E�bb��c R�L4Ti|�?} ��_tc A@h}i| �@?�

@}i4i?| +it�t|@?Uic @?_ |�i 5|h�U|�hi Lu A@!iL�ih ��_tc� A�i +i��i� Lu 6�?@?U�@*

5|�_�it Sc TT� HH��bfb�

2.� �@hUi* k@�@? @?_ ��U�@i* k*@�t?ih E�bbS�c RwLU!�Tt @?_ |�i �@h!i| uLh �LhTLh@|i

�L?|hL*�c 5|@?uLh_ w@� +i��i�c VL* eHc TT� ef��e���

2H� �@�* k*i4Tihih E�bb.�c R��U|�L?t `�|� �*4Lt| �L44L? V@*�itG A�i R @̀**i| B@4i�

@?_ �|t �TT*�U@|�L?t�c ���i*_ �L**i}i L̀h!�?} �@Tih�

2b� A�4 wL�}�h@? @?_ �?@?_ �� V��� E�bbS�c RA�i 6Lh4 Lu �@)4i?| @?_ �Lt|� �U^���

t�|�L? +i|�h?t Lu �ih}iht @?_ Ai?_ih �gihtc� N?��iht�|) Lu WL�@ 4�4iLc �bbS�

�f� +� �hit|L? �U�uii @?_ aL�? �U��**@? E�bb2�c R��__�?} +�?}tc� �4ih�U@? ,UL?L4�U

+i��i� H2c TT� D.b�Dbb�

��� +� �hit|L? �U�uiic #@?�i* V�?Ui?|c ��U�@i* �� `�**�@4tc @?_ �i*@?�i `�**�@4t

O@�i?t E�bb��c R�L**�t��i ��__�?} �? OLt|�*i A@!iL�ihtc� aL�h?@* Lu ,UL?L4�Ut @?_

�@?@}i4i?| 5|h@|i}) 2c TT� eeb�eH2�

�2� �@�* ��*}hL4 E�bH��c R+@|�L?@* , TiU|@|�L?tc W?uLh4@|�L? �U^��t�|�L?c @?_ �L4�

Ti|�|��i ��__�?}c� ,UL?L4i|h�U@ ebc TT� b2��be��



��

��� +L}ih �� �)ihtL? E�bH��c R�T|�4@* ��U|�L? #it�}?c� �@|�i4@|�Ut Lu �Tih@|�L?t

+iti@hU� Sc TT� DH�.��

�e� �� +@}�@�i?_h@ +@� @?_ A�iL Vih4@i*i? E�bbS�c RB*@4L�hc V@*�i @?_ |�i �Lt|�

�U^��t�|�L? �ihuLh4@?Ui Lu �U^��h�?} 6�h4tc� L̀h!�?} �@Tihc W�5,�#�

�D� aL�? B� +�*i) @?_ `�**�@4 6� 5@4�i*tL? E�bH��c R�T|�4@* ��U|�L?tc� �4ih�U@?

,UL?L4�U +i��i� .�c TT� �H���b2�

�S� �?_hi� 5�*i�uih @?_ +LMih| `� V�t�?) E�bHS�c Rw@h}i 5�@hi�L*_iht @?_ �LhTLh@|i

�L?|hL*c� aL�h?@* Lu �L*�|�U@* ,UL?L4) bec TT� 22��2eb�

�.� `�**�@4 B� 5U��ih| E�bbS�c R�@h!�T �h�U�?} �? �ih}iht @?_ �U^��t�|�L?tc� aL�h?@*

Lu 6�?@?U�@* ,UL?L4�Ut e�c TT� �D��b2�

�H� +@�_iiT 5�?}� E�bbe�c RA@!iL�ih ��__�?} ��|� ALi�L*_tG A�i �@ti Lu |�i ��?ih<t

��htic� L̀h!�?} �@Tihc @̀t��?}|L? N?��iht�|)�

�b� +i?�i �� 5|�*3c +@*T� �� @̀*!*�?}c @?_ �LL? O� 5L?} E�bbf�c RA�i #�t|h�M�|�L?

Lu A@h}i| ��?iht��T @?_ |�i #���t�L? Lu B@�?t �? 5�UUittu�* A@!iL�ihtc� aL�h?@* Lu

6�?@?Ui eDc TT� H�.�H���

ef� +@*T� �� @̀*!*�?} E�bHD�c R�hi_�U|�?} |i?_ih Lgih t�UUittG @ *L}�t|�U @?@*)t�tc� aL�h�

?@* Lu 6�?@?U�@* @?_ "�@?|�|@|��i �?@*)t�t 2fc TT� eS��.H�

e�� +@*T� �� @̀*!*�?} @?_ ��U�@i* wL?} E�bHe�c R�}i?U) |�iLh)c 4@?@}ih�@* �i*u@hic

@?_ |@!iL�ih M�_ hit�t|@?Uic� +@?_ aL�h?@* Lu ,UL?L4�Ut �Dc TT� De�SH�






