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4 Lqwurgxfwlrq

Wkh lpsruwdqfh ri vrfldo qhwzrunv lq mre �qglqj kdv ehhq grfxphqwhg douhdg| d zkloh
djr e| vrflrorjlvwv dqg hfrqrplvwv dowrjhwkhu1 Hduo| dqg lq xhqwldo vwxglhv gdwlqj edfn wr
wkh 93*v dqg :3*v irxqg iru lqvwdqfh wkdw wkh pdmrulw| ri qhz kluhv lq d vdpsoh ri erwk eoxh
dqg zklwh froodu zrunhuv uhsruwhg wkdw wkh| kdg qrw ehhq orrnlqj sduwlfxoduo| iru d qhz
mre exw ohduqhg derxw d idyrudeoh rssruwxqlw| iurp vrph qhwzrun wlh/ h1j1 Uhhv +4<99,/
Judqryhwwhu +4<:7,1 Lq wklv vhqvh/ lw vhhpv wkdw mre vhhnlqj dqg mre �qglqj duh lqwlpdwho|
uhodwhg wr rqjrlqj vrfldo uhodwlrqvklsv1 Lq wklv sdshu L glvwlqjxlvk wzr gluhfwlrqv lq wkh
olwhudwxuh glvfxvvlqj wkh mre vhdufk lq d vrfldo qhwzrun frqwh{w dqg vxppdul}h wkh fxuuhqw
vwdwh ri uhvhdufk wkhuhlq/ glvfxvvlqj lq ghswk rqh uhohydqw irupdo prgho zlwklq hdfk ri wkhvh
wuhqgv1

Wr ehjlq zlwk/ lw kdv ehhq dvvhuwhg xqghu wzr dowhuqdwlyh wkhrulhv wkdw wkh prvw xvhixo
frqwdfwv iru �qglqj d mre zhuh qrw wkh idplo| olqnv/ wkh vwurqj wlhv/ exw lqvwhdg wkh pruh
glvwdqw frqqhfwlrqv/ wkh zhdn wlhv= Judqryhwwhu +4<:6/ 4<:7,/ Olq +4<;5,1 Wkh �vwuhqjwk0
ri0zhdn0wlhv� k|srwkhvlv kdv ehhq whvwhg lq d qxpehu ri hpslulfdo vwxglhv/ krzhyhu d �qdo
frqfoxvlrq rq lwv frpsohwh vljql�fdqfh kdv qrw ehhq uhdfkhg1 Frufrudq hw do +4<;3,/ Eulgjhv
dqg Yloohph} +4<;9, ru Pduvghq dqg Kxuoehuw +4<;;, irxqg qr fruuhodwlrq ehwzhhq wlh
vwuhqjwk dqg zdjhv diwhu frqwuroolqj iru zrunhu fkdudfwhulvwlfv dqg frqfoxghg wkdw wkh xvh ri
frqwdfwv dowrjhwkhu lv xqlpsruwdqw lq oderu pdunhw vxffhvv1 D uhohydqw irupdo prgho zklfk
whvwv wkh hpslulfdo lpsolfdwlrqv ri wkh vwuhqjwk0ri0zhdn0wlhv dowhuqdwlyh irupxodwlrqv dqg
gudzv srvlwlyh frqfoxvlrqv ri wkhlu h�hfw rq uhvhuydwlrq dqg h{shfwhg zdjhv ri mre vhhnhuv lv
glvfxvvhg lq Prqwjrphu| +4<<5,1 Wklv vwxg| zloo eh lq ghwdlohg uhylhzhg khuhlq1

Li wkh uhvhdufk rq wkh lpsolfdwlrqv ri wkh vwuhqjwk0ri0zhdn0wlhv dvvxpswlrq rq wkh qhwzrun
frpsrvlwlrq kdv dw ohdvw vrph qxpehu ri frqwuryhuvlhv/ wkh olwhudwxuh rq wkh vwudwhjlf irupdwlrq
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ri wkh mre frqwdfw qhwzrunv dqg wkh frppxqlfdwlrq surfhvv xqghuo|lqj lw lv doprvw lqh{lvwhqw1
H{fhsw iru wkh vhplqdo sdshu e| Errupdq +4<:8, wkdw hpehgv wkh hpslulfdo �qglqjv ri
Judqryhwwhu +4<:6, lq d pruh irupdo prgho ri frppxqlfdwlrq  rz/ wkh rqo| vwxg| wkdw
uhodwhv jhrphwu| ri qhwzrunv wr h!flhqf| ri mre lqirupdwlrq wudqvplvvlrq lv wkh yhu| uhfhqw
sdshu ri Fdoyr0Duphqjro +5335,1 Kh dqdo|}hv wkh lqglylgxdo lqfhqwlyhv wr irup frqwdfwv
dqg vwxglhv wkh vwudwhjlf qhwzrun irupdwlrq vshfli|lqj wkh surfhvv e| zklfk lqirupdwlrq
derxw mrev lv rewdlqhg dqg wudqvplwwhg1 Wklv sdshu lv xvlqj yhu| uhfhqwo| ghyhorshg qhwzrun
irupdwlrq phwkrgv dqg wrrov lqwurgxfhg lq wkh sdshuv e| Mdfnvrq dqg Zrolqvn| +4<<9,
uhvshfwlyho| Edod dqg Jr|do +5333,1 L zloo glvfxvv wkh vwxg| e| Fdoyr0Duphqjro +5335, lq
rqh wkh iroorzlqj vhfwlrqv ri wklv sdshu1

5 Lpsolfdwlrqv ri wkh vwuhqjwk0ri0zhdn0wlhv wkhru|

514 Edfnjurxqg

Wkhuh duh wzr dowhuqdwlyh irupxodwlrqv ri wkh vwuhqjwk0ri0zhdn0wlhv k|srwkhvlv vxjjhvwlqj
wkdw mre vhhnhuv ehqh�w iurp zhdn wlhv iru wzr glvwlqfw uhdvrqv1 Rqh dssurdfk kdv ehhq
ghyhorshg e| Judqryhwwhu +4<:6/ 4<:7, dqg dvvxphv wkdw wkh r�hu suredelolwlhv gl�hu1 Qdpho|
zhdn wlhv uhod| xvhixo lqirupdwlrq derxw srwhqwldo mrev pruh iuhtxhqwo| wkdq vwurqj wlhv vlqfh
zhdn wlhv duh pruh surqh wr pryh lq flufohv gl�huhqw iurp rqh*v rzq dqg khqfh whqg wr kdyh
ehwwhu dffhvv wr qrq0uhgxqgdqw lqirupdwlrq1 Wkh rwkhu irupxodwlrq ehorqjv wr Olq +4<;5,
dqg vxjjhvwv wkdw zhdn0wlh mre r�huv duh gudzq iurp d gl�huhqw glvwulexwlrq vr wkdw erwk wkh
phdq dqg2ru wkh yduldqfh fdq gl�hu1 Rqh lpsolfdwlrq ri wklv odwwhu wkhru| lv wkdw jlyhq d orzhu
dqg dq xsshu erxqg rq wkh r�hu glvwulexwlrq/ zhdn wlhv pd| surylgh d ehwwhu glvwulexwlrq
ri rssruwxqlwlhv iru lqglylgxdov zlwk orz lqlwldo vrflrhfrqrplf edfnjurxqg/ zkloh vwurqj wlhv
duh ehwwhu iru lqglylgxdov zlwk kljk lqlwldo edfnjurxqg1

Hpslulfdo vwxglhv lqyhvwljdwlqj wkh lpsolfdwlrqv ri wkh vwuhqjwk0ri0zhdn0wlhv dvvxpswlrqv
irfxvhg rq wkh h�hfw ri dq lqfuhdvh lq wkh sursruwlrq ri zhdn wlhv rq wkh uhvhuydwlrq zdjh
kroglqj wkh qhwzrun vl}h frqvwdqw1 Wzr vxfk vwxglhv/ Eulgjhv ) Yloohph} +4<;9, dqg
Pduvghq ) Kxuoehuw +4<;;,/ irxqg qr vljql�fdqw uhodwlrq ehwzhhq zdjhv dqg wlh vwuhqjwk
diwhu frqwuroolqj iru kxpdq fdslwdo yduldeohv1 Prqwjrphu| +4<<5, frqvwuxfwv d irupdo prgho
edvhg rq wkh �iulfwlrq� mre vhdufk iudphzrun ghyhorshg e| Pruwhqvhq +4<;9, lq rughu wr
lqyhvwljdwh wkh h�hfw rq h{shfwhg zdjhv ri wkh vwuhqjwk0ri0zhdn0wlhv wkhru| xqghu erwk
irupxodwlrqv dqg wr dujxh wkdw wkh hpslulfdo vwxglhv deryh fhqwhuhg rq wlhv dfwxdoo| xvhg wr
�qg d mre zkloh wkh| vkrxog kdyh irfxvhg rq wkh qhwzrun vwuxfwxuh shu vh/ vwuhdp dgyrfdwhg
e| Fdpsehoo hw do +4<;9,1

515 Prgho vshfl�fdwlrqv

Prqwjrphu|*v prgho vwduwv zlwk wzr vlpsol�fdwlrqv ri wkh mre vhdufk prgho lq Pruwhqvhq
+4<;9,1 Kh �uvw h{foxghv rq0wkh0mre0vhdufk/ khqfh rqo| xqhpsor|hg zrunhuv duh vhdufklqj
dqg qh{w kh grhv qrw doorz iru mre vhsdudwlrqv ri dq| nlqg/ wkxv txlwv/ od|r�v ru uhwluhphqw duh
doo surklelwhg1 Wkh lq�qlwh krul}rq dvvxpswlrq lpsolhv ixuwkhu vwdwlrqdulw|= wkh uhvhuydwlrq
zdjh lv frqvwdqw zlwklq wlph1 Wkh suhvhqw ydoxh ri ixwxuh hduqlqjv rq d mre sd|lqj zdjh � lv
�*E��q�/ zkhuh q 	 � lv wkh zrunhu*v glvfrxqw idfwru1 Wkh zrunhu uhfhlyhv d udqgrp qxpehu
ri r�huv hdfk shulrg1 Wkh kljkhvw r�hu uhfhlyhg kdv d glvwulexwlrq ME�� zlwk suredelolw|
ghqvlw| �E��1 Ohw � � wkh zrunhu*v uhvhuydwlrq zdjh dqg T zrunhu*v ydoxh ri vhdufk/ l1h1 wkh
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suhvhqw ydoxh ri ixwxuh hduqlqjv jlyhq wkdw wkh zrunhu uhpdlqv xqhpsor|hg dw wkh hqg ri wkh
shulrg1 Jlyhq wklv qrwdwlrq/ wkh zrunhu*v h{shfwhg ixwxuh hduqlqjv ylhzhg iurp ehiruh dq|
r�huv duh uhfhlyhg duh=

] � �
� T �E��_� n

] �
� �

�

�� q
�E��_� +4,

Frqvlghulqj qrz wkh h{shfwhg ixwxuh hduqlqjv iurp wkh shuvshfwlyh ri wkh hqg ri wkh suhfhglqj
shulrg/ l1h1 diwhu doo r�huv zhuh uhmhfwhg/ wkh ydoxh ri vhdufk lv gh�qhg dv=

T ' q

�] � �
� T �E��_� n

] 	

� �
�

�� q
�E��_�

�
+5,

Dw wkh vdph wlph T ' � 
 *E�� q� vlqfh wkh zrunhu lv lqgl�huhqw ehwzhhq dffhswlqj wkh mre
dw � 
 ru frqwlqxlqj wr vhdufk1 E| vxevwlwxwlrq lqwr +5, dqg qrwlqj wkdw

U � �
 T �E��_� '
T �

U �
� � T �E��_� zh rewdlq lpphgldwho| wkh xqltxh ohyho ri wkh uhvhuydwlrq zdjh=

� � '
q

�� q

] �

� � E� � � � ��E��_� +6,

Prqwjrphu| ixuwkhu dvvxphv wkdw wkh zrunhu uhfhlyhv mre lqirupdwlrq
wkurxjk wkuhh fkdqqhov= vwurqj wlhv/ zhdn wlhv dqg irupdo vhdufk1 D zrunhu kdv �� zhdn wlhv
dqg +����� vwurqj wlhv/ zkhuh� lv wkh qhwzrun vl}h dqg� uhsuhvhqwv wkh sursruwlrq ri zhdn
wlhv1 R � dqg R � duh wkh suredelolwlhv ri r�hu uhfhlydov wkurxjk d zhdn/ uhvshfwlyho| d vwurqj
wlh1 Zhdn0wlh dqg vwurqj0wlh zdjh r�huv duh gudzq iurp glvwulexwlrqv 8 � E��/ uhvshfwlyho|
8 � E�� zlwk suredelolw| ghqvlwlhv s � E��/ s � E��1 Wkh zrunhu uhfhlyhv irupdo r�huv iurp d
glvwulexwlrq 8 � E�� zlwk ghqvlw| s � E�� e| dsso|lqj gluhfwo| wr � �upv gxulqj hdfk shulrg1
Dvvxph wkdw zdjh r�huv gudzqv duh lqghshqghqw1 Wkhq rqh fdq zulwh

ME�� ' dx � E��o
�
dx � E��o

� �
dx � E��o

� � �  ! "
+7,

zkhuh x# E�� � �� R $ d�� 8$ E��o/ iru � 5 i8c`c7j

516 Qhwzrun frpsrvlwlrq dqg zdjhv

51614 H�hfw rq wkh uhvhuydwlrq zdjh

Prqwjrphu| glvfxvvhv qh{w vrph frpsdudwlyh vwdwlfv h�hfwv rq wkh uhvhuydwlrq zdjh1

Sursrvlwlrq 4 Uhvhuydwlrq zdjh lv lqfuhdvlqj lq qhwzrun vl}h1

Vwduw iurp +6, dqg lqwhjudwh e| sduwv=

�
%& '

q

�� q

] '
( )* ��ME��_� +8,

zkhuh � +, lv wkh uhvhuydwlrq zdjh fruuhvsrqglqj wr ME��1 Frqvlghu dq dowhuqdwlyh r�hu

glvwulexwlrq hME��/ zkhuh ;%/

] -
. ��ME��_� :

] /
0 �� hME��_� +9,
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Lw lv qrz hdv| wr suryh e| frqwudglfwlrq xvlqj +9, wkdw �
�� : �

��� / zkhuh �
��� lv wkh uhvhuydwlrq

zdjh fruuhvsrqglqj wr r�hu glvwulexwlrq hME��1 Qrz vxssrvh wkdw ME�� dqg hME�� duh
frqvlghuhg jlyhq qhwzrun vl}h � � / uhvshfwlyho| � �� / zkhuh � � : � �� / wkhq iurp ht1 +7, zh
kdyh

ME��� hME�� ' hME��ddx � E��o
� � � 	 
 � �� 
 dx � E��o

� � � � 
 � � � � � �� 
 � �o +:,

Ehfdxvh wkh UKV lq +:, lv qhjdwlyh iru doo � zh kdyh wkdw lqhtxdolw| +9, krogv/ khqfh � ��
lqfuhdvhv zlwk � 1

Sursrvlwlrq 5 Uhvhuydwlrq zdjh lv lqfuhdvlqj lq wkh sursruwlrq ri zhdn wlhv li zhdn wlhv
uhod| r�huv zlwk d kljkhu suredelolw| wkdq vwurqj wlhv ru li wkh zhdn0wlh glvwulexwlrq �uvw ru
vhfrqg rughu vwrfkdvwlfdoo| grplqdwhv wkh vwurqj0wlh glvwulexwlrq1

Ohw hME�� eh wkh kljkhvw r�hu glvwulexwlrq zkhq zrunhu kdv �� zhdn wlhv dqg +�����
vwurqj wlhv dqg ME�� wkh vdph glvwulexwlrq zkhq zrunhu uhsodfhv rqh vwurqj wlh zlwk d zhdn
wlh1 Iurp ht +7,

ME��� hME�� ' dx � E��� x � E��o
hME��

x � E�� +;,

Ehfdxvh hME��*x � E�� : f , ME��� hME�� 	 f/ khqfh � � lqfuhdvhv lq � li

x � E��� x � E�� ' R � d�� 8 � E��o� R � d�� 8 � E��o 	 f

Wklv pdlq frqglwlrq fdq eh ghfrpsrvhg iru dq hdvlhu lqwhusuhwdwlrq lq vxefrqglwlrqv1
Wkh uhvhuydwlrq zdjh lqfuhdvhv lq wkh sursruwlrq ri zhdn wlhv li

l, R � : R � / jlyhq 8 � E�� ' 8 � E��/ ; �/ l1h1 zhdn wlhv uhod| mre r�huv zlwk kljkhu
suredelolw| wkdq vwurqj wlhv +Judqryhwwhu,

ll, 8 � E�� 	 8 � E��/ ;�/ jlyhq R � ' R � / l1h1 wkh zhdn0wlh r�hu glvwulexwlrq lv vxshulru wr
wkh vwurqj0wlh glvwulexwlrq +Olq,

lll, R � : R � /
U �� �s � _� '

U �� �s � _� dqg < h� v1w1 r�}?i8 � �8 � j ' r�}?i h���j zkhuh
r�}?E�� lv wkh vljq ixqfwlrq1 Wkdw lv/ wkh r�hu glvwulexwlrqv kdyh wkh vdphphdq/ exw wkh zhdn0
wlh glvwulexwlrq lv pruh glvshuvhg wkdq wkh vwurqj0wlh +Olq,1 Lq d pruh whfkqlfdo odqjxdjh/
wkh zhdn0wlh glvwulexwlrq vhfrqg0rughu vwrfkdvwlfdoo| grplqdwhv wkh vwurqj0wlh glvwulexwlrq
zklfk lv wkh vdph dv vd|lqj wkdw wkh zhdn0wlh lv d phdq suhvhuylqj vsuhdg ri wkh vwurqj0wlh
glvwulexwlrq h1j1 Urwkvfklog dqg Vwljolw} +4<:3,/ Pruwhqvhq +4<;9,1

51615 H�hfw rq h{shfwhg zdjhv

Lw kdv ehhq vr idu dvvxphg e| hpslulflvwv wkdw wkh vwuhqjwk0ri0zhdn0wlhv k|srwkhvlv lpsolhv
wkdw zrunhuv rewdlqlqj mrev wkurxjk zhdn wlhv vkrxog uhfhlyh kljkhu zdjhv diwhu frqwuroolqj iru
kxpdq fdslwdo fkdudfwhulvwlfv1 Lq Prqwjrphu|*v prgho wklv lv htxlydohqw wr whvwlqj zkhwkhu
.i�m`j : .i�m7j1 Iluvwo|/ iurp htxdwlrq +7,/ wkh ghqvlw| ixqfwlrq fdq eh zulwwhq dv

�E�� ' M � E�� ' }  E�� n } ! E�� n } " E�� +<,

zkhuh }  E�� ��R  s  E��dx  E��o # $ % dx ! E��o & ' dx " E��o
(

% $ &
)

'

} ! E�� � ��R ! s ! E��dx  E��o # dx ! E��o & ' $ % dx " E��o
(

% $ &
)

'
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} � E�� � E�����R � s � E��dx � E��o
�
dx � E��o

� �
dx � E��o

� � � � 	 � � �

Wkh zrunhu ehfrphv hpsor|hg lq d jlyhq shulrg zlwk suredelolw|
U 


� � �E��_�� Frqglwlrqdo
xsrq hpsor|phqw/ klv h{shfwhg zdjh fdq wkhq eh zulwwhq

.i�j '

�] 

� � ��E��_�

�
*

�] 

� � �E��_�

�

Wkh zrunhu dffhswv d mre wkurxjk fkdqqho � 5 i8c c̀ 7j zlwk suredelolw|
U 


� � } 
 E��_�� Djdlq
frqglwlrqdo rq hpsor|phqw/wklv suredelolw| fdq eh zulwwhq�hE�� '

�U �
� � } � E��_�

�
*
�U �

� � �E��_�
�
1

Wkh zrunhu*v h{shfwhg zdjh zloo eh wkhq

.i�m�j '

�] �
� � �}� E��_�

�
*

�] �
� � }� E��_�

�

Lq rughu wr wuhdw dqdo|wlfdoo| wkh sureohp/ dvvxph ixuwkhu wkdw wkh h{shfwhg zdjh ixqfwlrqv
fdq eh zulwwhq dv

.i�m`j '

�] �
� � �%E��1E��_�

�
*

�] �
� � %E��1E��_�

�
+43,

.i�m7j '

�] �
� � �1E��_�

�
*

�] �
� � 1E��_�

�
+44,

zkhuh 1E�� � fc ;� dqg %E�� lv frqwlqxrxv dqgprqrwrqrxv1 Gh�qh e� v1w1 %Ee��
U �

� � 1E��_� 'U �
� � %E��1E��_�1 Jlyhq wkh frqglwlrqv deryh rq 1E�� dqg %E��/ < e� 5 E� � c4� dqg pruhryhu

e� lv xqltxh1 Wkhq li zh pxowlso| erwk wkh qxphudwru dqg wkh ghqrplqdwru ri ht1 +44, e|
%Ee�� dqg zh vxevwudfw wklv iurp ht1 +43, zh jhw wkdw .i�m`j : .i�m7j l�

] �
� � �d%E��� %Ee��o1E��_� : f +45,

Jlyhq wkh frqglwlrqv rq %E�� dqg 1E��/ +45, wudqvodwhv lq
] �

� � �d%E��� %E e��o1E��_� : e�
] �

� � d%E��� %Ee��o1E�� li _%E��*_� : f

] �
� � �d%E��� %E e��o1E��_� 	 e�

] �
� � d%E��� %Ee��o1E�� li _%E��*_� 	 f

Sursrvlwlrq 6 Judqryhwwhu*v irupxodwlrq lpsolhv wkdw wkh xvh ri d zhdn wlh zloo eh qhjdwlyho|
uhodwhg wr dyhudjh h{shfwhg zdjhv1

Xqghu wkh dvvxpswlrq l, ri lghqwlfdo glvwulexwlrqv exw gl�huhqw suredelolwlhv vhhq lq
suhylrxv vxevhfwlrq +Judqryhwwhu,/ wkh h{shfwhg zdjhv duh jlyhq e| ht1 +43, dqg +44,/ zkhuh
%E�� ' x  E��*x ! E�� dqg 1E�� ' s  E��dx " E��o # dx ! E��o $ % dx  E��o

& ' (
$

)
%

( '
1 Ehfdxvh

wkhq

_%E��*_� ' s d�oER  � R ! �*dx ! E��o
*
	 f +46,

zh kdyh .i�m7j : .i�m`j/ fodlphg lq wkh sursrvlwlrq deryh1
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Sursrvlwlrq 7 Lq vrph fdvhv xqghu Olq*v irupxodwlrq +qrupdo/ orjqrupdo r�hu glvwulexwlrq,
wkh xvh ri d zhdn wlh lqfuhdvhv h{shfwhg zdjh1

Xqghu dvvxpswlrqv ll, dqg lll, ri htxdo suredelolwlhv exw gl�huhqw glvwulexwlrqv +Olq,
h{shfwhg zdjhv duh jlyhq djdlq e| +43, dqg +44,/ exw

%E�� '
s � E��

x � E��

x � E��

s � E��
'
Y *?Ex � E���*Y�

Y *?Ex � E���*Y�

+zkloh 1E�� vdph dv lq wkh suhylrxv fdvh,1 Wklv fdvh kdv qrw ehhq dqdo|wlfdoo| vroyhg/
qrqhwkhohvv qxphulfdo vlpxodwlrqv dvvxplqj d orjqrupdo r�hu glvwulexwlrq +dvvxpswlrq dulvlqj
iuhtxhqwo| lq wkh mre vhdufk olwhudwxuh h1j1 Exughww +4<;4,/ Khfnpdq dqg Krqruh +4<<3,,
jhqhudwh .i�m`j : .i�m7j/ fodlphg deryh1

6 Vwudwhjlf irupdwlrq dqg mre lqirupdwlrq  rz lq frqwdfw

qhwzrunv

614 Ryhuylhz

Wr wklv yhu| prphqw wkhuh duh ihz prghov wkdw irupdoo| dqdo|}h wkh uroh ri shuvrqdo frqwdfwv
lq oderu pdunhw surfhvvhv dowkrxjk wkhlu lpsruwdqfh kdv ehhq zlgho| dfnqrzohgjhg hpslulfdoo|1
Lq sduwlfxodu wkh olwhudwxuh rq mre frqwdfw qhwzrun irupdwlrq kdv ehhq lqh{lvwhqw xs wr yhu|
uhfhqwo| vlqfh wkh jhqhudo olwhudwxuh rq qhwzrun irupdwlrq lv yhu| iuhvk lwvhoi= Mdfnvrq dqg
Zrolqvn| +4<<9, dqg Edod dqg Jr|do +5333,1 Dsduw iurp wkh hduo| frqwulexwlrq ri Errupdq
+4<:8,/ wkh vwxg| ri qhwzrun irupdwlrq lq oderu pdunhwv kdv ehhq yrlg ehiruh Fdoyr0Duphqjro
+5335,1

Wkh dxwkru �uvw vkrzv wkdw wkh lqirupdwlrq lq rz wr dq| djhqw lv ghshqghqw rq wkh
qhwzrun vwuxfwxuh ri klv gluhfw dqg lqgluhfw frqwdfwv e| lqihuulqj lpsolfdwlrqv dw wkh lqglylgxdo
exw dovr wkh djjuhjdwh ohyho1 Khqfhiruwk gluhfw frqqhfwlrqv duh ehqh�fldo ehfdxvh dq lqfuhdvh
lq wkhlu qxpehu eurdghqv wkh dydlodeoh lqirupdwlrq fkdqqhov dqg wkxv lpsuryh hpsor|phqw
survshfwv1 Lqgluhfw frqqhfwlrqv duh ghwulphqwdo ehfdxvh wkh| frpshwh zlwk hdfk rwkhu iru wkh
vdph lqirupdwlrq dqg idfh dq lqirupdwlrq vkdulqj frqvwudlqw rq hdfk rwkhu1 Wzr qhwzrunv
zlwk wkh vdph wrwdo qxpehu ri olqnv exw gl�huhqw jhrphwu| pd| wkxv lqgxfh gl�huhqw
xqhpsor|phqw udwhv1

Vhfrqg/ vwduwlqj iurp wkh dvvxpswlrq wkdw frqwdfwv duh frvwo| wr irup dqg wr pdlqwdlq/
Fdoyr0Duphqjro lqyhvwljdwhv wkh hqgrjhqrxv irupdwlrq ri frqwdfw qhwzrunv1 Kh glvfxvvhv
sdluzlvh0htxloleulxp qhwzrunv gh�qhg dv wkh Qdvk htxloleuld ri vrph qrq0frrshudwlyh qhwzrun
irupdwlrq jdph1 Wkh vwxg| �qgv wkdw lqh!flhqflhv ri wzr nlqgv pljkw dulvh dw htxloleulxp>
lqglylgxdo lqfhqwlyhv wr irup olqnv pd| eh h{fhvvlyh wr wkh vrfldoo| ghvludeoh rxwfrph dqg lw
pljkw dovr kdsshq wkdw d gluhfw frqwdfw ehwzhhq wzr dv|pphwulf sod|huv lq d qhwzrun kdv d
srvlwlyh wrwdo ydoxh exw jhqhudwhv d qhjdwlyh uhwxuq wr rqh sod|hu1

615 Mre wudqvplvvlrq

Frqvlghu � ' i�c ���c ?j/ ? � 2/ d �qlwh vhw ri sod|huv lq d qhwzrun1 Wkh qhwzrun frqvlvwv
ri v|pphwulf elqdu| wlhv dqg lv prghohg dv d qrq0gluhfwhg judsk iroorzlqj Errupdq +4<:8,1
Wkh elqdu| wlhv uhsuhvhqw shuvrqdo frqwdfwv dqg frqvwlwxwh iru wkh sxusrvh ri wklv prgho
gluhfw frppxqlfdwlrq fkdqqhov1 Ohw }

�
ghqrwh wkh vhw ri doo vxevhwv ri � ri vl}h 51 Ghqrwh
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C � i}m} 5 }
�
j wkh vhw ri doo srvvleoh judskv ri �� Li } 5 C/ wkhq d olqn ehwzhhq 5 sod|huv

� dqg � lv �� 5 }1 Wkhq } 	 �� uhsuhvhqwv wkh qhwzrun rewdlqhg e| dgglqj2ghohwlqj d olqn1
Ixuwkhu� � E}� ' i� 5 �qi�jm�� 5 }j lv wkh vhw ri gluhfw frqwdfwv ri � dqg ? � E}� ' m�� E}�m1Wkhq
?E}� '

S � � � ?� E}�*2 lv wkh wrwdo qxpehu ri wlhv lq }1
Wkh sdshu dvvxphv wkdw lqlwldoo| doo zrunhuv duh hpsor|hg dqg vxevhtxhqwo| wkh| orvh

wkhlu mre zlwk dq lghqwlfdo euhdngrzq suredelolw| K 5 Efc ��1 Hdfk zrunhu lv wkhq lqiruphg
derxw d qhz mre rssruwxqlw| zlwk lghqwlfdo duulydo suredelolw| @ 5 Efc ��1 Zkhq wkh zrunhu
lv xqhpsor|hg kh zloo �oo d ydfdqf| wkdw kh khdug derxw> rwkhuzlvh kh uhihuv wklv wr klv
xqhpsor|hg gluhfw frqwdfwv/ zklfk uhfhlyh wklv lqirupdwlrq zlwk wkh vdph suredelolw|1 Fdoyr0
Duphqjro vlpsol�hv wkxv wkh Prqwjrphu| +4<<5, prgho ri zhdn dqg vwurqj wlhv/ vlqfh wkhuh
lv qr sulrulw| udqnlqj ryhu gluhfw frqwdfwv1 Jlyhq wkh qrwdwlrq deryh/ dq hpsor|hg zrunhu
kdv dq h{wud mre vorw iru klv xqhpsor|hg gluhfw frqwdfwv zlwk suredelolw| k ' @E�� K�/ zkloh
dq xqhpsor|hg zrunhu qhhgv klv shuvrqdo frqwdfwv wr �qg d mre zlwk suredelolw| q ' KE��@�1

Ohw } 5 C1 Zh zdqw wr frpsxwh wkh suredelolw| � � E}� wkdw � 5 � jhwv d mre wkurxjk
frqwdfwv1 Dvvxph wkdw vrph gluhfw frqwdfw � 5 �� E}� ri sod|hu � khduv ri d ydfdqw mre exw
kh lv hpsor|hg1 Wkhq kh wudqvplwv wklv wr � zlwk suredelolw|

� 	 
 � � 
 �[
� � �

�
?� E}�� �

&

�
E�� K� � �

� � � � � � �
K

�

& n �
'

�� E�� K� � �
� � �

K?� E}�
+47,

Exw wkhq wkh suredelolw| wkdw � grhv qrw dfwxdoo| �qg d mre wkurxjk �

^E?� E}�� ' ��
kd�� E�� K� � �

�  !
o

K?� E}�
+48,

Vr �qdoo|=

� " E}� ' ��
\

# $ % & ' ( )
^E?* E}�� +49,

Sursrvlwlrq 8 Suredelolw| � + E}� iru sod|hu � wr �qg d mre wkurxjk frqwdfwv lqfuhdvhv zlwk
uhvshfw wr wkh vhw �, E}�/ exw ghfuhdvhv lq wkh qxpehu ri lqgluhfw wlhv ?- E}� 1

Lq rughu wr suryh wklv sursrvlwlrq zh vlpso| qhhg wr orrn dw wkh ehkdylru ri ixqfwlrq
^E��1 Fdoyr0Duphqjro lqjhqlrxvo| vkrzv +uhihu wr wkh dsshqgl{ ri klv sdshu wr iroorz doo wkh
vwhsv ri wklv surri vlqfh lw zrxog wdnh wrr pxfk vsdfh wr iroorz lw khuh, wkdw ^E�� lqfuhdvhv
rq d�c4� dqg lq wkh olplwv/ ^E�� ' �� k zkloh *�4. / 0 ^E%� ' �/ zklfk suryhv wkh fodlp1 Lw
lv wr eh qrwhg wkdw wkh prqrwrqlflw| lv zlwk uhvshfw wr wkh vhw �1 E}� +khqfh iru wkh lqfoxvlrq
rughulqj rq vhwv, dqg qrw wr wkh qxpehu ri frqqhfwlrqv ?1 E}� vlqfh zh qhhg wr nhhs wudfn
ri wkh vwuxfwxuh ri �*v lqgluhfw frqqhfwlrqv zkhq hydoxdwlqj wkh frqwulexwlrqv wr �1 E}� ri wkh
sod|huv lq �1 E}�1

Sursrvlwlrq 9 Gluhfw olqnv jhqhudwh srvlwlyh pdujlqdo uhwxuqv zkloh lqgluhfw olqnv jhqhudwh
qhjdwlyh h{whuqdolw| rq rqh0olqn0dzd| frqwdfwv1

D frpsdudwlyh vwdwlfv dssurdfk lv ixuwkhu wdnhq lq rughu wr dqdo|}h wkh pdujlqdo uhwxuqv
iurp rqh olqn1 Ghqrwh & 5 �2 E}� ^ �3 E}� wkh gluhfw frqwdfwv ri sod|huv � dqg �1 Ohw �� *5 }1
Wkhq iurp Sursrvlwlrq 8/ � 4 E} n ��� : � 4 E}�/ wkxv lqglylgxdo gluhfw olqnv jhqhudwh srvlwlyh
pdujlqdo uhwxuqv1 Qrz ohw & 5 �4 E}�/ & *5 �5 E}�1 Wkhq/ djdlq wkurxjk Sursrvlwlrq 8/
� 6 E} n ��� 	 � 6 E}�1 Lq rwkhu zrugv lqglylgxdo lqgluhfw olqnv jhqhudwh d qhjdwlyh h{whuqdolw|
rq rqh0olqn0dzd| frqwdfwv1

:



Sursrvlwlrq : Wkh djjuhjdwh xqhpsor|phqw udwh lv qhjdwlyho| fruuhodwhg zlwk wkh djjuhjdwh
suredelolw| ri �qglqj d mre wkurxjk frqwdfwv1

Dv d qh{w vwhs wkh dxwkru ghsduwv iurp wkh lqglylgxdo ohyho dqg hvwdeolvkhv d uhodwlrqvkls
ehwzhhq wkh djjuhjdwh xqhpsor|phqw ohyho dqg wkh vrfldo vwuxfwxuh1 Wkh xqhpsor|phqw
udwh fdq eh gh�qhg dv

�E}� ' q

%
��

[
� � �

� � E}�*?

&
+4:,

Wkh yhfwru E� � E}�c ���c �� E}�� ghwhuplqhv wkh zd| mre lqirupdwlrq  rzv wkurxjk shuvrqdo
frqwdfwv1 Qhwzrunv wkdw phgldwh lqirupdwlrq  xhqwo| duh vxfk wkdw wkh djjuhjdwh suredelolw|S

� � � �� E}� ri �qglqj d mre wkurxjk frqwdfwv lv kljk1 Wkhq e| +4:, wkhvh qhwzrunv uhvxow lq
d orz xqhpsor|phqw udwh/ qhjdwlyho| uhodwhg wr wklv djjuhjdwh suredelolw|1

616 Htxloleulxp qhwzrunv

61614 Sdluzlvh0htxloleulxp fkdudfwhul}dwlrq

Dv d vhfrqg olqh ri uhdvrqlqj lq wkh sdshu/ wkh irfxv lv rq lqglylgxdo lqfhqwlyhv dqg vwudwhjlf
ehkdylru lq qhwzrun irupdwlrq1 Iluvw/ jlyhq d qhwzrun } 5 C/ wkh h{shfwhg sd|r� t� E}� ri
dq lqlwldoo| hpsor|hg sod|hu � 5 � lv jlyhq e| t� E}� ' E�� K� n Kd@n E�� @�� � E}�o� S? 	 E}�/
zkhuh �� K lv wkh sure1 wkdw � nhhsv wkh mre dqg @n E�� @�� 	 E}� lv wkh sure1 wkdw � lv �uhg
dqg uhhpsor|hg1 Xvlqj h{suhvvlrqv +48, dqg +49,/ zh fdq ixuwkhu zulwh

t	 E}� ' �� q
\


 � � 
 � � �
^E?
 E}��� S?	 E}� +4;,

D qrqfrrshudwlyh jdph ri qhwzrun irupdwlrq lv frqvlghuhg1 Djhqwv dqqrxqfh doo wkh
olqnv wkh| zlvk wr eh lqyroyhg lq= ohw r 	 � � ' � li � zdqwv wr fuhdwh d gluhfw olqn zlwk � dqg
r � � � ' f rwkhuzlvh/ ;�c � 5 � 1 D vwudwhj| ri � lv r � ' Er � � � c ���c r � � � �� Ohw 7� ' ifc �j � � �

wkh vhw
ri srvvleoh vwudwhjlhv ri �1 Wkhq d olqn �� lv fuhdwhg l� r � � r� � ' �1

Dv d Qdvk htxloleulxp ri wkh qhwzrun irupdwlrq jdph lv wr zhdn wr fkdudfwhul}h qhwzrunv
fuhdwhg hqgrjhqrxvo| +zkhq qrerg| dqqrxqfhv dq| olqn zh zrxog eh lq d Qdvk htxloleulxp,/
Fdoyr0Duphqjro iroorzv Jr|do dqg Mrvkl +5335, lq gh�qlqj d vr0fdoohg �sdluzlvh0htxloleulxp�1

D qhwzrun } 5 C lv d sdluzlvh0htxloleulxp li dqg rqo| li erwk=
+d, wkhuh lv d Qdvk htxloleulxp vwudwhj| sur�oh wkdw vxssruwv }/ vr <r� ' Er � � c ��c r �� � vr

wkdw ;� 5 � dqg ;r � 5 7� / t� E}Er �� c r � � � �� � t� E}Er� c r � � � ��>
+e, ;�� *5 }/ t� E} n ��� : t � E}� lpsolhv t� E} n ��� : t� E}�
Vxssrvh ixuwkhu wkdw doo sod|huv duh lqlwldoo| hpsor|hg dqg lvrodwhg1 Wkhq kq � S lv wkh

lqglylgxdo sd|r� iurp mrlqlqj d sdlu1 Wkh ehqh�wv ri iruplqj d �uvw olqn h{fhhg lwv frvwv
zkhqhyhu S � kq1 Frqvlghulqj wkxv S � kq zh kdyh=

Sursrvlwlrq ; D qhwzrun } 5 C/ } 9' > lv d sdluzlvh0htxloleulxp qhwzrun li dqg rqo| li
erwk=

S � q6�?i� � E}�� � � E} � ���c �� E} � ���jc;�� 5 } +4<,

S 	 qd� � E} n ���� �� E}�o, S : qd�� E} n ���� �� E}�jc ;�� *5 } +53,

;



Lq rughu wr xqghuvwdqg wklv/ rqh fdq qrwh wkdw

t � E} n ���� t � E}� ' qd� � E}�� � � E} n ���o n S +54,

t � E} � ���� t � E}� ' qd� � E}�� � � E} � ���o� S +55,

Iurp +54,/ +55,/ wkh e, sduw ri wkh gh�qlwlrq ri d sdluzlvh0htxloleulxp deryh dqg iurp wkh
uhvxow wkdw li t � E}� � t� E}� ��� ;� 5 � � E}� wkhq t� E}� � t� E}� �� � � ��� �� � � ;� � c ��c � � 5 �� E}�
+Ohppd 4 lq Fdoyr0Duphqjro/ suryhg lq wkh dsshqgl{ ri wkh vdph sdshu,/ zh rewdlq h{dfwo|
wkh h{suhvvlrqv +4<, dqg +53,1

Dq lpsruwdqw frqfoxvlrq wkdw wklv vwxg| gudzv rq wkh sdluzlvh htxloleulxp qhwzrunv lv
wkdw wkh| fdq eh fkdudfwhul}hg jhrphwulfdoo| rqo| lq whupv ri wkh qxpehu ri olqnv dgmdfhqw wr
wkh qrghv ri wkh judsk1 Frqvhtxhqwo| d pruh lq ghswk dqdo|vlv ri vshfldo fodvvhv ri qhwzrunv/
vxfk dv wkh v|pphwulf rqhv lv shuiruphg e| wkh dxwkru dv ixuwkhu vshfl�f lpsolfdwlrqv fdq
eh vkrzq/ exw wklv dqdo|vlv grhv qrw dgg wr wkh jhqhudo sxusrvh ri wklv sdshu ehlqj ryhu0
uhvwulfwlyh1

61615 Htxloleulxp/ h!flhqf| dqg xqhpsor|phqw

D zhoiduh phdvxuh fdq eh gh�qhg wdnlqj lqwr dffrxqw wkdw vrph qhwzrunv lq wklv prgho pd|
dfklhyh d zlghvsuhdg lqirupdwlrq dw orz frvw/ zkloh rwkhuv pd| eh frvwo| wr pdlqwdlq dqg2ru
wudqvplw srruo| wkh lqirupdwlrq1 Wkh zhoiduh phdvxuh dvvrfldwhg wr } 5 C lv gh�qhg dv

` E}� ' d�� �E}�o?� 2S?E}� +56,

Xvlqj htxdwlrqv +4:, dqg +4;, zh fdq ixuwkhu zulwh ` E}� '
S

� � � t� E}�/ lq rwkhu zrugv
wkh zhoiduh phdvxuh lv qrwklqj hovh exw wkh vxp ri wkh lqglylgxdo sd|r�v1 Xvlqj dq hoderudwh
surri +lq wkh dsshqgl{ ri klv sdshu,/ Fdoyr0Duphqjro suryhv wkh iroorzlqj=

Sursrvlwlrq < Wkhuh h{lvw S � 	 S 	 dqg S 
 	 S � 	 S � v1w1

d, }


lv wkh rqo| sdluzlvh0htxloleulxp qhwzrun zkhq S � S � / zkloh h!flhqw qhwzrunv kdyh

dw ohdvw ?E}
�
�� � olqnv zkhq S : S � >

e, vhsdudwh sdluv/ }
� � � � �

/ duh wkh rqo| sdluzlvh htxloleulxp qhwzrunv zkhq S � 	 S 	 S � /
zkloh h!flhqw qhwzrunv kdyh dw ohdvw ?E}

� � � � �
� n � olqnv zkhq ? lv ri wkh irup 26 n � dqg

S � 	 S 	 S � 1
Wklv phdqv wkdw wkhuh duh wzr srwhqwldo vrxufhv ri lqh!flhqflhv lq sdluzlvh0htxloleulxp

qhwzrunv= ryhu0frqqhfwlrq dqg xqghu0frqqhfwlrq1 Iluvwo|/ wudqvodwlqj frqglwlrq d, ri Sursrvlwlrq
</ l1h1 iru orz shu olqn frvwv S/ wkh qhwzrunv fdq eh ryhu0frqqhfwhg iurp dq h!flhqw srlqw ri
ylhz ehfdxvh ri qhjdwlyh h{whuqdolwlhv h{huwhg wr gluhfw frqwdfwv hyhu| wlph wzr sod|huv fuhdwh
d olqn wr hdfk rwkhu1 Vhfrqgo|/ hphujlqj lq wkh vhwwlqj ri fdvh e, ri Sursrvlwlrq </ l1h1 iru kljk
shu olqn frvwv S/ wkh olqn �� pd| kdyh d srvlwlyh qhw ydoxh/ t � E}n���nt� E}n��� : t� E}�nt� E}�/
exw rqh ri wkh sod|huv pljkw jhw d qhjdwlyh uhwxuq iurp lw/ t� E} n ��� 	 t � E}�1 Khqfh lq wkh
devhqfh ri pxwxdo frqvhqw wkh olqn lv qrw iruphg dowkrxjk lw lv vrfldoo| ghvludeoh1 Wkhq wkh
qhwzrun lv xqghu0frqqhfwhg1

Qrz/ frqfhuqlqj rxuvhoyhv zlwk xqhpsor|phqw/ wkh h�hfw ri dgglqj d olqn uhvxowv iurp
wkh frpelqdwlrq ri wkh srvlwlyh gluhfw h�hfw dqg wkh qhjdwlyh lqgluhfw h�hfw +dqdo|}hg lq wkh
mre wudqvplvvlrq vhfwlrq,1 Irupdoo|/ li } 5 C dqg �� *5 } wkhq

?

q
d�E} n ���� �E}�o ' (� n(� n

[
 ! " # $ % & ' ( ) * + ,

( - +57,

<



zkhuh

(� ' � � E} n ���� � � E}� : fc (� ' �� E} n ���� �� E}� : f

exw

( � ' � � E} n ���� � � E}� 	 f

D vx!flhqw +dqg qhfhvvdu|, frqglwlrq iru uhgxfwlrq lq wkh ryhudoo xqhpsor|phqw lv wkdw
zhoiduh lv lpsuryhg zlwk d olqn dgglwlrq1
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Sursrvlwlrq 43 vroho| lghqwl�hv vrph vlwxdwlrqv zkhuh olqn dgglwlrq uhgxfhv xqhpsor|phqw
dqg frqvhtxhqwo| fdqqrw eh jhqhudol}hg1

7 Glvfxvvlrq

Lq wklv sdshu wzr pdlq wuhqgv lq wkh uhvhdufk uhodwlqj vrfldo qhwzrunv wr oderu pdunhw
rxwfrphv kdyh ehhq vkruwo| ryhuylhzhg1 Rqh lv frqfhuqhg zlwk wkh lpsolfdwlrqv ri wkh
vwuhqjwk0ri0zhdn0wlhv dvvxpswlrq rq mre pdunhw rxwfrphv vxfk dv uhvhuydwlrq zdjhv dqg
h{shfwhg dyhudjh zdjhv1 Wkh rwkhu wuhqg fhqwhuv rq vwudwhjlf qhwzrun irupdwlrq dqg h!flhqf|
rxwfrphv xqghu htxloleulxp mre frqwdfw qhwzrunv erwk dw wkh lqglylgxdo ohyho +lqglylgxdo
sd|r�v, dqg dw wkh djjuhjdwh ohyho +xqhpsor|phqw,1 L kdyh ixuwkhu uhylhzhg lq ghwdlo rqh
uhohydqw sdshu iru hdfk ri wkhvh wzr uhvhdufk duhdv= Prqwjrphu| +4<<5, dqg Fdoyr0Duphqjro
+5335,1

Vxpplqj xs wkh vwxg| e| Prqwjrphu|/ kh frqfoxghv edvhg rq dq hfrqrplf prgho ri
mre vhdufk wkdw wkh xvh ri d zhdn wlh frxog eh dvvrfldwhg zlwk orzhu h{shfwhg zdjhv hyhq
wkrxjk zhdn olqnv uhod| r�huv pruh iuhtxhqwo| wkdq vwurqj rqhv dqg duh rq dyhudjh vxshulru
dv glvwulexwlrq wr r�huv iurp rwkhu vrxufhv> qrqhwkhohvv kh grhv suhvhqw dq xqdpeljxrxv
uhodwlrqvkls ehwzhhq uhvhuydwlrq zdjhv dqg qhwzrun vwuxfwxuh1 Wkdw lv/ erwk irupxodwlrqv ri
wkh vwuhqjwk0ri0zhdn0wlhv k|srwkhvlv lpso| wkdw uhvhuydwlrq zdjhv ulvh zlwk wkh sursruwlrq
ri zhdn wlhv dqg wkh vl}h ri wkh frqwdfw qhwzrun1 Kh wkxv dujxhv wkdw xqghu dq| irupxodwlrq
ri wkh vwuhqjwk0ri0zhdn0wlhv k|srwkhvlv/ wkh zhdn wlhv duh ehqh�fldo1 Dv d frqvhtxhqfh ri klv
uhvhdufk dqg lq uhvsrqvh wr wkh hpslulfdo vwxglhv* qr fruuhodwlrq �qglqjv ehwzhhq wkh xvh ri
d zhdn wlh dqg h�hfwv rq wkh zdjhv/ Prqwjrphu| vxjjhvwv wkdw qhwzrun vl}h rxjkw wr eh wkh
lpsruwdqw glphqvlrq wkdw hpslulflvwv vkrxog frqfhqwudwh rq1

Fdoyr0Duphqjro frqfoxghv lq klv sdshu rq wkh rqh kdqg wkdw gluhfw frqwdfwv lq d qhwzrun
duh ehqh�fldo zkloh lqgluhfw frqwdfwv duh ghwulphqwdo iru wkh rswlpdo lqirupdwlrq  rz1 Rq
wkh rwkhu kdqg kh hpskdvl}hv wzr srwhqwldo lqh!flhqflhv lq sdluzlvh0htxloleulxp qhwzrunv=
l, wkh lqglylgxdo lqfhqwlyhv wr irup frqwdfwv pd| eh h{fhvvlyh frpsduhg wr zkdw lv vrfldoo|
ghvludeoh dqg frqvhtxhqwo| wkh htxloleulxp qhwzrunv duh ryhu0frqqhfwhg iurp dq h!flhqw
srlqw ri ylhz> ll, wkh glvwulexwlrq ri wkh mrlqw olqn jdlqv wr wkh sod|huv pljkw eh dv|pphwulf
dqg d olqn pljkw qrw eh iruphg lq wkh devhqfh ri pxwxdo frqvhqw dowkrxjk lw lv vrfldoo|
ghvludeoh/ ohdglqj wr h!flhqf|0zlvh xqghu0frqqhfwhg htxloleulxp qhwzrunv1 Wklv vhfrqg w|sh
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ri lqh!flhqf| fdq eh holplqdwhg e| doorzlqj iru vlgh sd|phqwv ehwzhhq djhqwv1 Wkh vwxg|
dovr djjuhjdwhv lqglylgxdo rxwfrphv wr dq djjuhjdwh ohyho dqg phdvxuhv joredo xqhpsor|phqw
ohyho dv ixqfwlrq ri wkh qhwzrun sdwwhuq1 Rqh ri wkh uhvxowv rewdlqhg lv wkdw dv orqj dv wkh
xvh ri dq h{wud wlh lv zhoiduh hqkdqflqj/ wkh djjuhjdwh xqhpsor|phqw ohyho zloo eh uhgxfhg1
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