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Prudo frvwv/ wkh lqirupdo vhfwru dqg

xqhpsor|phqw�

Dqq0Vr�h Nrop dqg Eluwkh Oduvhq_

Xssvdod Xqlyhuvlw|/ LIDX/ FLP dqg Frshqkdjhq Exvlqhvv Vfkrro

Mdqxdu| 55/ 5334

Devwudfw

Zkloh h{dplqlqj wkh pdfurhfrqrplf h�hfwv ri lqfuhdvhg jryhuqphqw

frqwuro ri wkh lqirupdo vhfwru/ wklv sdshu ghyhorsv d wzr0vhfwru jhqhudo

htxloleulxp prgho ihdwxulqj pdwfklqj iulfwlrqv dqg zrunhu0�up zdjh edu0

jdlqlqj1 Wkh vdph jrrg lv surgxfhg lq wkh irupdo dqg lq wkh lqirupdo vhf0

wru1 Prudo frqvlghudwlrqv duh ghwhuplqdqw iru zkhwkhu wkh zrunhu vhdufk

iru mrev lq wkh irupdo ru lq wkh lqirupdo vhfwru1 Zh dqdo|vh wkh lpsdfw ri

kljkhu sxqlvkphqw ihhv dqg d kljkhu dxglw udwh rq zdjhv/ vhfwru glylvlrq/

xqhpsor|phqw dqg zhoiduh1

4 Lqwurgxfwlrq

Vrph jrrgv duh surgxfhg lq erwk wkh irupdo dqg lq wkh lqirupdo vhfwru1 Iurp
wkh zrunhu*v shuvshfwlyh/ d jlyhq zrunhu wkhuhiruh idfhv d ghflvlrq ri zkhwkhu
wr shuirup klv ru khu dfwlylwlhv lq wkh irupdo ru wkh lqirupdo vhfwru1 Zkhq
pdnlqj wkdw ghflvlrq/ wkh zrunhu frpsduhv zdjhv/ hpsor|phqw shuvshfwlyhv
dqg wd{hv2h{shfwhg sxqlvkphqw lq wkh wzr vhfwruv1 Frqvlghulqj wklv vhfwruldo
fkrlfh/ rqh txhvwlrq hphujhv= zk| gr qrw doo zrunhuv ri d jlyhq vnloo w|sh dsso|
iru mrev lq hlwkhu wkh irupdo vhfwru ru wkh lqirupdo vhfwruB Zk| gr erwk vhfwruv
h{lvwB

Rqh surplqhqw h{sodqdwlrq lv wkdw zrunhuv gl�hu lq whupv ri prudolw|1 Hq0
whulqj wkh lqirupdo vhfwru lv dvvrfldwhg zlwk prudo frvwv dqg vrph zrunhuv kdyh
d kljk prudo suhyhqwlqj wkhp iurp hqwhulqj wkh lqirupdo vhfwru1 Rwkhu zrunhuv
kdyh d orzhu prudo dqg jodgo| hqwhu wkh lqirupdo vhfwru1 Wkh glylvlrq lqwr d iru0
pdo dqg dq lqirupdo vhfwru lv wkhq vxfk wkdw wkh lqirupdo vhfwru lv frqvwlwxwhg e|
uhodwlyho| orz prudolw| zrunhuv dqg wkh irupdo vhfwru frqvlvwv ri uhodwlyho| kljk

WWkh surmhfw kdv ehhq vxssruwhg �qdqfldoo| e| wkh Gdqlvk Uhvhdufk Djhqf| +wkh IUHMD
judqw,1

_Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq/ dqg Frshqkdjhq Exvl0
qhvv Vfkrro/ Ghsduwphqw ri Hfrqrplfv/ Vroemhuj Sodgv 6F/ GN05333 Frshqkdjhq I1 H0pdlo
dgguhvv= eo1hfrCfev1gn Skrqh= .78 6;48 58771
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prudolw| zrunhuv1 Krzhyhu/ iru doo zrunhuv zh kdyh wkdw hpsor|phqw shuvshf0
wlyhv/ zdjhv/ wd{hv/ ghwhfwlrq suredelolwlhv dqg sxqlvkphqw ihhv duh lpsruwdqw
iru wkh ghflvlrq ri hqwhulqj lqwr wkh irupdo ru wkh lqirupdo vhfwru1

Wkh sxusrvh ri wklv sdshu lv wr h{dplqh krz d odujhu frqwuro ri wkh lqirupdo
vhfwru/ d�hfwv wkh vl}h ri wkh lqirupdo vhfwru/ zdjhv/ xqhpsor|phqw dqg zhoiduh1

Wr wkdw hqg/ zh ghyhors d wzr0vhfwru jhqhudo htxloleulxp prgho ihdwxulqj
pdwfklqj iulfwlrqv/ khwhurjhqrxv zrunhuv lq whupv ri gl�huhqw prudolw|/ zrunhu0
�up zdjh edujdlqv dqg hqgrjhqrxv vhfwru glylvlrq1

Uhfhqwo|/ wkhuh kdv ehhq d odujh dprxqw ri hfrqrplf zulwlqjv rq wd{ dyrlg0
dqfh dqg wd{ hydvlrq14 Hduo| wkhruhwlfdo frqwulexwlrqv ri wd{ hydvlrq duh sur0
ylghg e| Doolqjkdp dqg Vdqgpr +4<:5, dqg Vulqlydvdq +4<:6,/ zkhuh xqghuuh0
sruwlqj ri lqfrph lv prghohg dv d ghflvlrq pdgh xqghu xqfhuwdlqw|1 Vlqfh wkhvh
hduo| frqwulexwlrqv/ d qxpehu ri sdshuv kdyh hqkdqfhg wkh edvlf prgho ri lqgl0
ylgxdo ehkdylrxu e|/ iru h{dpsoh/ lqfrusrudwlqj hqgrjhqrxv oderxu vxsso| gh0
flvlrqv15 Vhyhudo wkhruhwlfdo sdshuv kdyh dovr uhfrjql}hg wkdw wkh rssruwxqlwlhv
iru wd{ hydvlrq gl�hu dfurvv vhfwruv16 Ulvn dyhuvlrq lv xvxdoo| wkh ghwhuplqdqw ri
wkh vhfwru glylvlrq1 Dowkrxjk wkhuh kdv ehhq d uhfhqw h{sorvlrq ri wkh olwhudwxuh
rq wd{ hydvlrq dqg wd{ dyrlgdqfh/ wkh uhvhdufk lv pdlqo| fduulhg rxw zlwklq wkh
sxeolf �qdqfh wudglwlrq1 Lq wklv olwhudwxuh zdjhv duh hlwkhu dvvxphg wr eh �{hg
ru ghwhuplqhg e| pdunhw fohdulqj17

Wkh pdlq qryhow| ri wklv sdshu lv wkdw zh lqfrusrudwh dq lpshuihfwo| frp0
shwlwlyh oderxu pdunhw1 Wklv idflolwdwhv dq dqdo|vlv ri krz sxqlvkphqw srolflhv
d�hfw zdjh vhwwlqj dqg xqhpsor|phqw1 Suhylrxv olwhudwxuh rq wd{ hydvlrq kdv
hlwkhu dvvxphg wkdw zdjhv duh �{hg ru ghwhuplqhg e| pdunhw fohdulqj/ zklfk
reylrxv lv dq lqdghtxdwh iudphzrun wr xvh zkhq dqdo|}lqj krz wd{ hydvlrq
rssruwxqlwlhv d�hfw zdjh vhwwlqj dqg xqhpsor|phqw1

Wkh sdshu lv rujdqlvhg dv iroorzv1 Lq Vhfwlrq 5 wkh prgho lv ghvfulehg dqg
Vhfwlrq 6 ghulyhv wkh h�hfwv ri d kljkhu dxglw udwh dqg kljkhu sxqlvkphqw ihhv
rq oderxu pdunhw wljkwqhvv/ zdjhv/ xqhpsor|phqw dqg vhfwru glylvlrq1 Vhfwlrq
7 jlyhv d zhoiduh dqdo|vlv dqg wkh odvw vhfwlrq frqfoxghv1

5 Wkh Prgho8

Wkh hfrqrp| frqvlvwv ri wzr vhfwruv surgxflqj d krprjhqrxv jrrg> d irupdo
vhfwru dqg dq lqirupdo vhfwru1

Zh dvvxph wkdw zrunhuv kdyh vrph prudo frqvlghudwlrqv/ ehlqj dq lpsruwdqw
idfwru iru zkhwkhu wkh zrunhu dssolhv iru d mre lq wkh irupdo ru wkh lqirupdo
vhfwru1 Wkhuh lv d glvwulexwlrq ri prudo ydoxhv/ p/ lq wkh hfrqrp|/ p 5 ^3> 4` 1

4Vhh Vohpurg dqg \lw}kdnl +5333, dqg Vfkqhlghu dqg Hqhvwh +5333, iru wzr uhfhqw vxuyh|v
ri wd{ dyrlghqfh dqg wd{ hydvlrq1

5Vhh iru h{dpsoh Dqghuvhq +4<::, dqg Vdqgpr +4<;4, iru hduo| frqwulexwlrqv ri hqgrjhqrxv
oderxu vxsso| dqg xqghuuhsruwlqj ri lqfrph1

6Vhh iru h{dpsoh Zdwvrq +4<;8,/ Shvwlhx dqg Srvvhq +4<<4,/ dqg Mxqj hw do1 +4<<7,1
7Dq h{fhswlrq lv Fkdqj dqg Odl +4<<9, zkr h{dplqhv wkh uhodwlrqvkls ehwzhhq xqghuuh0

sruwlqj ri lqfrph dqg wrwdo wd{ uhyhqxhv e| wdnlqj lqwr dffrxqw wkh h!flhqf| zdjh k|srwkhvlv1
8Wkh prgho lv dorqj wkh olqh ri Slvvdulghv 4<<31
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Iru vlpsolflw| zh dvvxph wkh glvwulexwlrq wr eh xqlirup1 Prudo frvwv ri dsso|lqj
iru d mre lq wkh lqirupdo vhfwru/ lv ghqrwhg f+p,1 Li p lv odujh wkh prudo frvwv
duh odujh/ f3+p, A 31

514 Pdwfklqj

Zh dvvxph wkdw rqo| xqhpsor|hg zrunhuv vhdufk iru mrev1 Wklv lv d vlpsol�fd0
wlrq/ l1h1/ zh gr qrw dfnqrzohgjh wkdw wkh frqqhfwlrq wr wkh oderxu pdunhw jlyhq
e| zrunlqj lq wkh irupdo vhfwru/ eulqjv derxw mre rssruwxqlwlhv qrw dydlodeoh
zkloh xqhpsor|hg1 Zrunhuv dffhsw mre r�huv dv orqj dv wkh h{shfwhg sd|r�
h{fhhgv wkhlu uhvhuydwlrq zdjh1

Wkh pdwfklqj ixqfwlrqv iru wkh irupdo dqg lqirupdo vhfwruv duh jlyhq e|

[m @
�
ym

�4�� �
xm

��
> m @ I> L>

zkhuh xm > m @ I> L duh wkh xqhpsor|phqw udwhv iru wkh irupdo dqg wkh lqirupdo
vhfwru/ uhvshfwlyho|1 Wkh xqhpsor|phqw udwh lq hdfk vhfwru lv gh�qhg dv wkh
qxpehu ri xqhpsor|hg zrunhuv lq wkh vshfl�f vhfwru uhodwlyho| wr wkh oderxu
irufh lq wkh vhfwru1 Wkh wrwdo oderxu irufh lv qrupdol}hg wr xqlw|/ zklfk lv glylghg
lqwr wkh wzr vhfwruv1 Wkh ydfdqf| udwhv/ l1h1/ wkh qxpehu ri ydfdqflhv vxssolhg
lq hdfk vhfwru uhodwlyh wr wkh vhfwru oderxu irufh/ duh ym > m @ I> L 1 Wkh zrunhu*v

dqg �up*v wudqvlwlrq udwhv fdq eh h{suhvvhg dv �m @ [m@xm @
�
�m

�4��
> m @ I> L

dqg tm @ [m@ym @
�
�m

�
��

> m @ I> L1 Khuh �m @ ym

xm > m @ I> L duh wkh oderxu
pdunhw wljkwqhvv iru wkh wzr vhfwruv1

515 Wkh irupdo dqg wkh lqirupdo vhfwru

Ohw �I dqg �L eh lqwhusuhwhg dv wkh suredelolwlhv ri �qglqj d mre lq wkh irupdo
vhfwru dqg wkh lqirupdo vhfwru/ uhvshfwlyho|1 Wkh suhvhqw glvfrxqwhg ydoxhv ri
xqhpsor|phqw dv d zrunhu lq wkh wzr vhfwruv/ XI dqg XL > duh wkhq jlyhq e|=

uXI @ �I +HI
� XI , +4,

uXL @ �L+HL
� XL,� f +p, > +5,

zkhuh HI dqg HL duh wkh suhvhqw glvfrxqwhg ydoxhv ri hpsor|phqw lq wkh irupdo
vhfwru dqg wkh lqirupdo vhfwru/ uhvshfwlyho|1 u lv wkh h{rjhqrxv glvfrxqw udwh1
Iru vlpsolflw|/ zh dvvxph wkdw xqhpsor|phqw ehqh�wv duh htxdo wr }hur1 Wkh
suhvhqw ydoxhv ri hpsor|phqw duh ghwhuplqhg e| wkh htxdwlrqv=

uHI @ zI +4� w, . v+XI
� HI ,> +6,

uHL @ zL +4� s�,� f +p, . +v. s,+X L
�HL,= +7,

Khuh zm > m @ I> L ghqrwhv zdjhv lq wkh irupdo vhfwru dqg wkh lqirupdo vhfwru
dqg v lv wkh h{rjhqrxv vhsdudwlrq udwh1 Wkh sdudphwhu w lv wkh sursruwlrqdo
lqfrph wd{ udwh/ s lv wkh udwh dw zklfk d zrunhu lv ghwhfwhg e| wkh jryhuqphqw
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zrunlqj lq wkh lqirupdo vhfwru/ dqg � lv wkh sursruwlrq ri wkh hydghg lqfrph wkh
zrunhu kdv wr sd| dv d sxqlvkphqw ihh li ghwhfwhg1 Wkh lqirupdo vhfwru zrunhu
idfhv wkh vhsdudwlrq udwh v. s dv wkh zrunhu pd| eh vhsdudwhg iurp klv ru khu
mre gxh wr dq h{rjhqrxv pdunhw vhsdudwlrq ru gxh wr ghwhfwlrq1

Wkh prudo frvw lv sdlg e| doo zrunhuv lq wkh lqirupdo vhfwru luuhvshfwlyh ri
zkhwkhu wkh| duh hpsor|hg ru xqhpsor|hg dv wkh ghflvlrq ri dsso|lqj iru d mre
lq wklv vhfwru lqyroyhv wkh prudo frqvlghudwlrqv1

Ilupv lq wkh irupdo vhfwru duh fkdudfwhul}hg e| wkh duelwudjh htxdwlrqv=

uMI @ | � zI +4 . }, . v+Y I
� MI ,> +8,

uY I @ tI +MI
� Y I ,� n> +9,

zkhuh MI lv wkh ydoxh ri kdylqj d �oohg mre lq wkh irupdo vhfwru/ Y I lv wkh ydoxh
ri dq xq�oohg mre lq wklv vhfwru/ dqg wkh sdudphwhu } lv wkh sd|uroo wd{ udwh1 Wkh
pdujlqdo surgxfwlylw| ri pdqxdo zrunhuv lv |1 Klulqj frvwv duh ghqrwhg n1

Vlploduo|/ �upv lq wkh lqirupdo vhfwru kdyh ML dqg Y L ghwhuplqhg e|=

uML @ | � zL +4 . s�, . +v. s,+Y L
� ML,> +:,

uY L @ tL+ML
� Y L,� n> +;,

zkhuh � lv wkh sursruwlrq ri wkh hydghg zdjh wkh �up kdv wr sd| dv d sxqlvkphqw
ihh iru fkhdwlqj wkh jryhuqphqw rq sd|uroo wd{hv zkhq vxsso|lqj lqirupdo vhfwru
mrev1

51514 Zdjh ghwhuplqdwlrq

Zkhq wkh zrunhu dqg �up phhw wkh| edujdlq ryhu zdjhv1 Zdjhv/ zm > m @ I> L
vroyh �uvw rughu frqglwlrqv iurp wkh Qdvk Edujdlqlqj Vroxwlrqv zlwk wkh zrunhu*v
edujdlqlqj srzhu ehlqj htxdo wr �=

�

4� �

4

!I
�
MI
� Y I

�
@ HI

� XI > +<,

�

4� �

4

!L
�
ML
� Y L

�
@ HL

� XL > +43,

zkhuh !I @ 4.}
4�w

dqg !L @ 4.s�
4�s�

duh wkh wd{0 dqg sxqlvkphqw zhgjhv1

E| xvh ri htxdwlrq +4,0+;, lq htxdwlrqv +<, dqg +43,/ dqg dvvxplqj iuhh hqwu|/
Y m @ 3> m @ I> L/ dqg v|pphwulf frqglwlrqv idflqj �upv dqg zrunhuv zlwklq hdfk
vhfwru/ surgxfhu zdjhv duh ghulyhg wr eh=

$I @ zI +4 . }, @ �
�
| . �In

�
> +44,

$L @ zL +4 . s�, @ �
�
| . �Ln

�
= +45,
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Zh qrwh wkdw wkh wd{ udwhv dqg sxqlvkphqw ihhv kdyh qr lpsdfw rq wkh
surgxfhu zdjhv lq wkh wzr vhfwruv19

51515 Oderxu Pdunhw Wljkwqhvv

Oderxu pdunhw wljkwqhvv iru wkh irupdo vhfwru dqg wkh lqirupdo vhfwru lv ghwhu0
plqhg e| htxdwlrq +8,/ +9,/+:,/ dqg +;, xvlqj wkh iuhh hqwu| frqglwlrq dqg wkh
zdjh htxdwlrqv +44, dqg +45,=

n +u . v,

tI
@ +4� �, | � ��In> +46,

n +u . v. s,

tL
@ +4� �, | � ��Ln= +47,

Fkdqjhv lq wkh wd{ dqg sxqlvkphqw udwhv/ +w> }> �> �, gr qrw kdyh dq| lpsdfw
rq wljkwqhvv lq wkh wzr vhfwruv1 Krzhyhu fkdqjhv lq wkh dxglw udwh/ s/ zloo kdyh
dq lpsdfw rq wljkwqhvv lq wkh lqirupdo vhfwru1 Dq lqfuhdvh lq s uhgxfhv wkh
dyhudjh ohqjwk ri dq lqirupdo vhfwru mre/ dqg lw ehfrphv ohvv sur�wdeoh wr hqwhu
wkh lqirupdo vhfwru> �L idoov1 Qrwh wkdw wklv lv d ixoo| �qdqfhg fkdqjh lq s vlqfh
fkdqjhv lq wkh wd{ udwhv +w> }, kdyh qr lpsdfw rq wljkwqhvv dqg khqfh wkhvh
sdudphwhuv fdq dozd|v eh dowhuhg lq rughu wr edodqfh wkh jryhuqphqw exgjhw1

Qrwh wkdw oderxu pdunhw wljkwqhvv lv kljkhu lq wkh irupdo wkdq lq wkh lqirupdo
vhfwru/ �I A �L > vlqfh v. s A v zklfk pdnhv wkh surgxfhu zdjhv kljkhu lq wkh
irupdo vhfwru uhodwlyh wr lq wkh lqirupdo vhfwru/ wkdw lv/ $I A $L =

Lq dffrugdqfh zlwk hpslulfdo hylghqfh zh kdyh wkdw wkh frqvxphu zdjhv duh
kljkhu iru lqirupdo vhfwru zrunhuv wkdq iru irupdo vhfwru zrunhuv +Shghuvhq dqg
Vplwk +4<<;,,1 E| dvvxplqj zI +4� w, ? zL +4� s�, ? zL / zh uhtxluh wkdw

#�
�
| . �In

�
? �

�
| . �Ln

�
> +48,

dqg khqfh wkh qhfhvvdu| frqglwlrq wkdw # ? 4 pxvw krog/ zkhuh

# @
!L

!I
@

4. s�

4� s�
@
4 . }

4� w
> +49,

lv wkh zhgjh ehwzhhq wkh lqirupdo vhfwru dqg wkh irupdo vhfwru1 Zh zloo vlpso|
uhihu wr # dv wkh zhgjh1

51516 Xqhpsor|phqw

Vwhdg| vwdwh hpsor|phqw0 dqg xqhpsor|phqw udwhv duh ghulyhg e| frqvlghulqj
wkh  rzv lqwr dqg rxw ri hpsor|phqw1 Wkh htxdwlrqv ghwhuplqlqj wkh xqhp0
sor|phqw udwhv xI dqg xL duh jlyhq e|=

�IxI +4� ap, @ v
�
4� xI

�
+4� ap, >

�LxL ap @ +v. s,
�
4� xL

�
ap>

9Wkh idfw wkdw wd{hv duh ixoo| eruqh e| oderu lv d vwdqgdug uhvxow lq pdq| prghov ri htxlole0
ulxp xqhpsor|phqw frqvlghulqj wkh vwdqgdug dvvxpswlrqv pdgh> vhh iru h{dpsoh Slvvdulghv
+4<<;,1
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zkhuh ap dqg 4� ap gh�qhv wkh oderxu irufhv lq wkh lqirupdo0 dqg irupdo vhfwru1
Wkh xqhpsor|phqw udwhv fdq wkhq eh vroyhg iurp wkh  rz htxdwlrqv dv=

xI @
v

v. �I
> +4:,

xL @
v. s

v. s. �L
= +4;,

Wkh wrwdo qxpehu ri xqhpsor|hg zrunhuv duh jlyhq e| wkh iroorzlqj h{suhv0
vlrq=

XWRW @ xI +4� ap, . xL ap= +4<,

516 Vhfwru Glylvlrq

Zrunhuv hqwhu wkh xqhpsor|phqw srro dqg fkrrvh zkhwkhu wr dsso| iru irupdo
mrev ru lqirupdo mrev1 Lq pdnlqj wkh fkrlfh wkh| frpsduh wkh ydoxh ri ehlqj lq
wkh irupdo vhfwru dqg wkh lqirupdo vhfwru1 Wkdw lv/ wkh| frpsduh uXI zlwk uXL 1
Wkh pdujlqdo zrunhu lv mxvw lqgl�huhqw ehwzhhq hqwhulqj wkh xqhpsor|phqw srro
lq wkh irupdo vhfwru dqg lq wkh lqirupdo vhfwru1 Wkh iroorzlqj htxdwlrq vroyhv
wkh prudo iru wkh pdujlqdo zrunhu/ ap>

uXI @ uXL = +53,

Vxevwlwxwlqj iurp htxdwlrqv +4, dqg +5, lqwr +53, zh rewdlq=

�L
�
HL
� XL

�
� �I

�
HI

� XI
�
@ f + ap, > +54,

Zrunhuv zlwk orz prudo/ p 8 ap/ fkrrvh wr zrun lq wkh lqirupdo vhfwru
zkhuhdv zrunhuv zlwk kljk prudo/ p A ap/ fkrrvh wr zrun lq wkh irupdo vhfwru1
Khqfh ap dqg 4� ap uhvroyh wkh oderxu irufhv lq wkh lqirupdo0 dqg irupdo vhfwru1

Wkh frqglwlrq lq +54, pd| eh uhzulwwhq lq wzr dowhuqdwlyh zd|v1 Li zh vxe0
vwlwxwh iru wkh hpsor|phqw jdlqv e| xvlqj htxdwlrqv +4,/ +5,/ +6, dqg +7, zh
kdyh=

�LzL +4� s�,

u . v. s. �L
�

�IzI +4� w,

u . v. �I
@ f + ap, > +55,

zkhuh �I @ �
I

u.v.�I
dqg �L @ �L

u.v.s.�L
duh wkh zhljkwv dvvrfldwhg zlwk wkh

sd|r�v lq wkh irupdo0 dqg lqirupdo vhfwru/ uhvshfwlyho|1 Zkhq u$ 3> wkh ydoxh
dwwdfkhg wr sd|r�v lq wkh lqirupdo vhfwru lv wkh hpsor|phqw udwh> qL > zklfk
lv wkh h{shfwhg sursruwlrq ri wlph vshqw dv hpsor|hg lq wkh lqirupdo vhfwru1
Khqfh/ kljkhu qL ru kljkhu frqvxphu zdjhv lq wkh lqirupdo vhfwru/ zL +4� s�,/
whqgv wr lqfuhdvh wkh qxpehu ri zrunhuv prylqj lqwr wkh lqirupdo vhfwru> ap
lqfuhdvhv1 Vlploduo|/ d kljkhu hpsor|phqw udwh lq wkh irupdo vhfwru/ qI dqg d
kljkhu irupdo frqvxphu zdjh/ zI +4� w, > whqg wr uhgxfh wkh qxpehu ri zrunhuv

9



lq wkh lqirupdo vhfwru> ap ghfuhdvhv1 Lqfoxglqj wkh glvfrxqw udwh/ u A 3/ wkh
ixwxuh lv ohvv lpsruwdqw wkdq wkh suhvhqfh dqg xqhpsor|hg zrunhuv ydoxh ixwxuh
sd|r�v iurp hpsor|phqw voljkwo| orzhu wkdq wkh hpsor|phqw udwhv1

Dowhuqdwlyho|/ zh fdq vxevwlwxwh xvlqj wkh �uvw rughu frqglwlrq iru zdjhv/
iuhh hqwu| +Y m @ 3, dqg wkdw Mm @ n

tm
jlylqj

n
�

4� �

4

!s

�
�I � #�I

�
@ f + ap, > +56,

Zh revhuyh wkdw iru wkh lqirupdo vhfwru wr h{lvw/ wkdw lv iru ap wr eh srvlwlyh/
zh qhhg wkdw oderxu pdunhw wljkwqhvv lq wkh lqirupdo vhfwru uhodwlyho| wr oderxu

pdunhw wljkwqhvv lq wkh irupdo vhfwru lv odujhu wkdq wkh zhgjh/ �L

�I
A #1 Sxw

gl�huhqwo|/ wkh zdjh suhplxp iru zrunhuv hpsor|hg lq wkh lqirupdo vhfwru kdv
wr eh odujh hqrxjk wr frxqwhudfw wkdw wkh h{shfwhg wlph vshqw lq xqhpsor|phqw
lv orzhu lq wkh irupdo vhfwru1

Frqvlghu wkh vshfl�f pdwfklqj ixqfwlrq zkhuh � @ 4
5 1 Lq wklv fdvh wkh

frqglwlrq uhgxfhv wr=

3
C� +u . v. s, .

t
+u . v. s,5 . 7� +4��,|

n

� +u . v, .
t
+u . v,5 . 7� +4��,|

n

4
D

5

A #=

Wkh vpdoohu s lv/ wkh vpdoohu lv wkh gl�huhqfh ehwzhhq wkh wzr oderxu pdunhw
wljkwqhvv/ dqg khqfh wkh pruh olnho| lw lv wkdw wkh frqglwlrq lv vdwlv�hg1 Wkh
pruh s lqfuhdvhv/ wkh ohvv dwwudfwlyh wkh lqirupdo vhfwru ehfrphv dv hpsor|phqw
rssruwxqlwlhv duh glplqlvkhg dqg zdjhv duh uhgxfhg lq wkh lqirupdo vhfwru1 Wkh
ohiw kdqg vlgh wkhuhiruh ghfuhdvhv lq s1 Wkh uljkw kdqg vlgh/ rq wkh rwkhu kdqg/
lqfuhdvhv lq s1 Khqfh/ wkhuh h{lvwv d ydoxh iru wkh dxglw udwh/ s�/ iru zklfk iru
s 5 +3> s�, wkh lqirupdo vhfwru h{lvwv dqg iru zklfk s 5 +s�> 4, wkh lqirupdo vhfwru
grhv qrw h{lvw1 Hpslulfdoo| wkh lqirupdo vhfwru h{lvwv/ zkhuhiruh zh frqfhqwudwh
rq wkh iruphu udqjh1

Ixuwkhupruh/ iru d jlyhq glvwulexwlrq ri prudov/ wkh irup ri wkh frvw ixqfwlrq/
f+p,/ zloo eh ghwhuplqdwh iru wkh vl}h ri wkh lqirupdo vhfwru uhodwlyh wr wkh irupdo
vhfwru1 Zh dvvxph wkdw wkh frvw ixqfwlrq lv vxfk wkdw f +4, @ 4 wr jxdudqwhh
wkh h{lvwhqfh ri d irupdo vhfwru1 Fhwhulv sdulexv/ erwk d kljk dxglw udwh dqg
kljk prudo frvwv fdxvh d vpdoo lqirupdo vhfwru1

6 Frpsdudwlyh Vwdwlfv

Wklv vhfwlrq lv frqfhuqhg zlwk wkh lpsdfw ri wkh sxqlvkphqw v|vwhp rq wljkwqhvv/
htxloleulxp surgxfhu zdjhv/ hpsor|phqw0 dqg xqhpsor|phqw udwhv/ wkh qxpehu
ri xqhpsor|hg zrunhuv/ dqg wkh glylvlrq ri zrunhuv lqwr wkh irupdo dqg lqirupdo
vhfwru1 Zh frqvlghu erwk krz dq lqfuhdvh lq wkh dxglw udwh/ s/ dqg dq lqfuhdvh
lq wkh sxqlvkphqw ihhv/ � dqg �/ d�hfwv wkh htxloleulxp yduldeohv1 Zh rqo|
frqvlghu ixoo| �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp1 Khqfh fkdqjhv lq s/

:



�/ dqg � lv dozd|v iroorzhg e| dgmxvwphqwv lq wkh wd{ udwhv w dqg } lq rughu wr
edodqfh wkh jryhuqphqw exgjhw1 Wkh jryhuqphqw exgjhw uhvwulfwlrq lv jlyhq e|=

U @ zI +w. }, +4� ap,
�
4� xI

�
. apzL +s� . s�,

�
4� xL

�
> +57,

zklfk pd| eh uhzulwwhq dv

U @ $I
�
4�

4

!I

�
+4� ap,

�
4� xI

�
. ap$L

�
4�

4

!L

��
4� xL

�
= +58,

614 Oderxu Pdunhw Wljkwqhvv

Wklv vhfwlrq frqvlghuv wd{ �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp rq oderxu
pdunhw wljkwqhvv1 Vlqfh dgmxvwphqwv lq wkh wd{ udwhv/ } dqg w/ kdyh qr lpsdfw
rq wljkwqhvv/ zh fdq vwxg| wkh lpsdfw rq wljkwqhvv ri d ixoo| �qdqfhg lqfuhdvh
lq wkh dxglw udwh/ s/ dqg wkh sxqlvkphqw udwhv/ � dqg �/ zlwkrxw h{solflwo|
lqfrusrudwlqj wkh jryhuqphqw exgjhw uhvwulfwlrq1 Wkh h�hfwv rq wljkwqhvv lv
vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ zloo kdyh qr lp0

sdfw rq wljkwqhvv lq wkh irupdo vhfwru/ �I / dqg uhgxfh wljkwqhvv lq wkh lqirupdo

vhfwru/ �L 1 Erwk oderxu pdunhw wljkwqhvv/ �I dqg �L / duh xqd�hfwhg e| ixoo|

�qdqfhg fkdqjhv lq wkh sxqlvkphqw udwhv/ �> ru �=

Surri1 Iurp htxdwlrq +46, lw lv dssduhqw wkdw wljkwqhvv lq wkh irupdo vhfwru
lv qhlwkhu d�hfwhg e| fkdqjhv lq wkh wd{ udwhv qru e| fkdqjhv lq wkh sxqlvkphqw

udwhv/ ru wkh dxglw udwh/ C�I

Cs
@ C�I

C{
@ 3> { @ w> }> �> �1 Gl�huhqwldwlqj htxdwlrq

+47, zlwk uhvshfw wr s/ �> �> w dqg } jlyhv=

C�L

Cs
@ �

4

tL

� �
+u.v.s,

+tL,5
CtL

C�L

@ �

4
tL

� . � u.v.s
tL�L

? 3> +59,

C�L

C{
@ 3> { @ w> }> �> �=

Zkhq wkh dxglw udwh lqfuhdvhv/ wkh h{shfwhg gxudwlrq ri d pdwfk lq wkh lq0
irupdo vhfwru ghfuhdvhv1 Lw lv wkhuhiruh ohvv sur�wdeoh iru d �up wr rshq lqirupdo
vhfwru ydfdqflhv/ zkhuhe| wkh qxpehu ri ydfdqflhv vxssolhg uhodwlyho| wr wkh
qxpehu ri xqhpsor|hg lqirupdo vhfwru zrunhuv ghfuhdvhv1

615 Zdjhv

Wklv vhfwlrq frqvlghuv wd{ �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp rq uhdo
surgxfhu zdjhv +f1i1 htxdwlrqv +44,0+46,,1 Vlqfh dgmxvwphqwv lq wkh wd{ udwhv/ }
dqg w/ kdyh qr lpsdfw rq uhdo surgxfhu zdjhv/ zh fdq vwxg| wkh lpsdfw ri d ixoo|
�qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ dqg wkh sxqlvkphqw udwhv/ � dqg �/ zlwkrxw

;



h{solflwo| lqfrusrudwlqj wkh jryhuqphqw exgjhw uhvwulfwlrq1 Zh vxppdul}h wkh
h�hfwv ri wd{ �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp rq surgxfhu zdjhv lq
wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 5 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ zloo kdyh qr lp0

sdfw rq irupdo vhfwru surgxfhu zdjhv/ $I / dqg uhgxfh wkh surgxfhu zdjh lq wkh

lqirupdo vhfwru/ $L 1 Erwk irupdo dqg lqirupdo vhfwru surgxfhu zdjhv/ $I dqg

$L / duh xqd�hfwhg e| d ixoo| �qdqfhg lqfuhdvh lq wkh sxqlvkphqw udwhv/ � dqg �1

Surri1 Gl�huhqwldwlqj htxdwlrq +44, zlwk uhvshfw wr s dqg { @ w> }> �> � jlyh/
C$I

Cs
@ C$I

C{
@ 3> { @ w> }> �> �1 Gl�huhqwldwlqj htxdwlrq +45,/ frqvlghulqj wkdw

wljkwqhvv lv d�hfwhg dffruglqj wr +47,/ zlwk uhvshfw wr s dqg { @ w> }> �> � |lhog=

C$L

Cs
@ �n

C�L

Cs
? 3>

C$L

C{
@ �n

C�L

C{
@ 3> { @ w> }> �> �=

Zkhq wkh dxglw udwh lqfuhdvhv/ oderxu pdunhw wljkwqhvv ghfuhdvhv/ zkhuhe|
orzhu klulqj frvwv duh lqgxfhg1 Khqfh surgxfhu zdjhv ghfuhdvh1

616 Xqhpsor|phqw Udwhv

Wklv vhfwlrq frqvlghuv wd{ �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp rq oderxu
vhfwru xqhpsor|phqw udwhv1 Vlqfh dgmxvwphqwv lq wkh wd{ udwhv/ } dqg w/ kdyh qr
lpsdfw rq wkh xqhpsor|phqw udwhv/ zh fdq vwxg| wkh lpsdfw ri d ixoo| �qdqfhg
lqfuhdvh lq wkh dxglw udwh/ s/ dqg wkh sxqlvkphqw udwh/ � dqg �/ zlwkrxw h{solflwo|
lqfrusrudwlqj wkh jryhuqphqw exgjhw uhvwulfwlrq1 Zh vxppdul}h wkh uhvxowv lq
wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 6 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ zloo kdyh qr lp0

sdfw rq wkh xqhpsor|phqw udwh lq wkh irupdo vhfwru/ xI / dqg lqfuhdvh wkh lqiru0

pdo vhfwru xqhpsor|phqw udwh/ xL 1 Qhlwkhu wkh irupdo qru wkh lqirupdo vhfwru

xqhpsor|phqw udwhv/ xI dqg xL / duh d�hfwhg e| d ixoo| �qdqfhg lqfuhdvh lq wkh

sxqlvkphqw udwhv/ � dqg �1

Surri1 Gl�huhqwldwlqj htxdwlrq +4:, zlwk uhvshfw wr s dqg { @ w> }> �> �

|lhog/ Cx
I

Cs
@ CxI

C{
@ 3> { @ w> }> �> �1 Gl�huhqwldwlqj wkh xqhpsor|phqw htxdwlrq/

htxdwlrq +4;/,/ zlwk uhvshfw wr s dqg { @ w> }> �> � / zh kdyh=

CxL

Cs
@

�Lp � +v. s,
C�L

p

Cs�
v. s. �Lp

�5 A 3> +5:,

CxL

C{
@ 3> { @ w> }> �> �=

<



Lqirupdo vhfwru xqhpsor|phqw lqfuhdvhv iru wzr uhdvrqv1 D kljkhu dxglw
udwh lqfuhdvhv wkh vhsdudwlrq udwh lq wkh lqirupdo vhfwru zklfk gluhfwo| udlvhv wkh
lqirupdo vhfwru xqhpsor|phqw udwh/ exw dovr uhgxfhv oderxu pdunhw wljkwqhvv
dqg wkhuhe| uhgxfhv wkh xqhpsor|hg zrunhu*v wudqvlwlrq udwh lqwr wkh lqirupdo
vhfwru hpsor|phqw1 Erwk h�hfwv lqfuhdvh wkh lqirupdo vhfwru xqhpsor|phqw
udwh1

617 Vhfwru Glylvlrq

Wklv vhfwlrq lv frqfhuqhg zlwk krz wkh glylvlrq ri oderxu dfurvv wkh wzr vhfwruv
lv d�hfwhg e| d wd{ �qdqfhg fkdqjh lq wkh sxqlvkphqw v|vwhp1 Zh revhuyh iurp
+56, wkdw ap lv d�hfwhg e| s/ �> �/ }/ dqg w1 Wkhuhiruh/ lq rughu wr frqvlghu wkh
h�hfwv ri d ixoo| �qdqfhg fkdqjh lq wkh sxqlvkphqw v|vwhp rq vhfwru glylvlrq/
zh kdyh wr dffrxqw iru uhshufxvvlrqv rq ap iroorzlqj dgmxvwphqwv lq wkh wd{
udwhv> wkh jryhuqphqw exgjhw uhvwulfwlrq kdv wr eh lqfrusrudwhg h{solflwo|1 Ohw
xv �uvw frqvlghu wkh lpsdfw rq ap ri d fkdqjh lq wkh dxglw udwh/ sxqlvkphqw
udwhv dqg wd{ udwhv vhsdudwho|1 Gl�huhqwldwlqj htxdwlrq +56, zlwk uhvshfw wr s

dqg ap |lhog=

C ap

Cs
mw>}>�>� @

4

f3 + ap,

n

!L
�

4� �

#
�

#
�L

!L
�

#�I

!L

$
C!L

Cs
.

C�L

Cs
�

C#

Cs
�I

$
? 3=

+5;,

D kljkhu dxglw udwh uhgxfhv hpsor|phqw shuvshfwlyhv dqg frqvxphu zdjhv
lq wkh lqirupdo vhfwru lpso|lqj wkdw d vpdoohu qxpehu ri zrunhuv zloo doorfdwh
wrzdugv wkh lqirupdo vhfwru> ap idoov1

Gl�huhqwldwlqj htxdwlrq +56, zlwk uhvshfw wr {4 @ �> � dqg ap zh rewdlq=

C ap

C{4
mw>}>s @

C ap

C!L
m!I

C!L

C{4
ms>w>}

@
C!L

C{4

n

f3 + ap,
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!L
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C#

C!L
�I

!L

4
FD ? 3> {4 @ �> �=+5<,

Khqfh/ erwk dq lqfuhdvh lq s/ � ru �/ uhgxfhv wkh lqirupdo vhfwru dv wkh
lqirupdo vhfwru ehfrphv uhodwlyho| ohvv dwwudfwlyh1

Gl�huhqwldwlqj htxdwlrq +56, zlwk uhvshfw wr {5 @ w> } zh rewdlq=

C ap

C{5
m�>�>s @

C ap

C!I
m!L

C!I

C{5
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@ �
n

f3 + ap,
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Lqfuhdvhv lq wkh wd{ udwhv/ w dqg }/ ohdgv wr d odujhu lqirupdo vhfwru/ g ap
g!I

m!L A

3/ dv wkh irupdo vhfwru ehfrphv uhodwlyho| ohvv dwwudfwlyh1
Lq rughu wr frqvlghu ixoo| �qdqfhg lqfuhdvhv lq wkh sxqlvkphqw v|vwhp jlyhq

e| lqfuhdvhg dxglwlrq/ s/ dqg lqfuhdvhg sxqlvkphqw udwhv/ � dqg ru �/ zh qhhg wr
frqvlghu wkh lpsdfw ri wkh dxglw0/ sxqlvkphqw0/ dqg wd{ udwhv rq wkh jryhuqphqw
uhyhqxh1 Fkdqjhv lq wkh sxqlvkphqw v|vwhp dqg wkh wd{ v|vwhp d�hfw wkh
jryhuqphqw uhyhqxh lq d qxpehu ri zd|v +ghwdlov duh jlyhq lq wkh Dsshqgl{,1
Frqvlghulqj wkdw zh duh orfdwhg rq wkh srvlwlyho| vorshg vlgh ri wkh Od�hu fxuyh/
lq wkh vhqvh wkdw g|qdplf dgmxvwphqwv lq htxloleulxp zdjhv/ hpsor|phqw udwhv
dqg oderxu irufh duh qrw grplqdwlqj wkh gluhfw h�hfwv/ jryhuqphqw uhyhqxh
lqfuhdvhv zlwk lqfuhdvhg dxglw0/ sxqlvkphqw0/ dqg wd{ udwhv1 Dq lqfuhdvh lq
wkh dxglw udwh/ s/ ru wkh sxqlvkphqw udwhv/ � dqg �/ wkhq fdoov iru uhgxfwlrqv lq
wkh wd{ udwhv lq rughu wr pdlqwdlq d edodqfhg exgjhw1 Zh fdq khqfh uhzulwh wkh

jryhuqphqw exgjhw uhvwulfwlrq lq +58, dv !I @ k+s> �> �,/ zkhuh C!I

Cs
? 3/ dqg

C!I

C{4
? 3> {4 @ �> �1 Wkdw lv dq lqfuhdvh lq �> �> ru s zloo lqgxfh d jryhuqphqw

vxusoxv zklfk fdoov iru d uhgxfwlrq lq !I > zklfk lv fdswxuhg e| d uhgxfwlrq lq
hlwkhu w ru }> ru erwk1 Zh fdq vxppdul}h wkh h�hfwv rq vhfwru glylvlrq lq wkh
iroorzlqj sursrvlwlrq=

Sursrvlwlrq 7 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh ru wkh sxqlvkphqw

udwhv/ s/ �/ dqg �/ zloo uhdoorfdwh zrunhuv iurp wkh lqirupdo vhfwru wrzdugv wkh

irupdo vhfwru frqvlghuhg wkdw zh duh orfdwhg rq wkh srvlwlyho| vorshg vlgh ri wkh

Od�hu fxuyh1

Surri1 Wkh lpsdfw rq wkh vhfwru glylvlrq ri oderu vwhpplqj iurp dq lqfuhdvh
lq wkh dxglw udwh/ s/ dqg wkh sxqlvkphqw udwhv/ � dqg �/ duh jlyhq e|=

C ap

Cs
@

C ap

Cs
mw>}>�>� .

C ap

C!I
m!L

C!I

Cs
? 3> +64,

C ap

C{4
@

C ap

C{4
mw>}>s .

C ap

C!I
m!L

C!I

C{4
? 3> +65,

zkhuh C!I

Cs
? 3/ dqg C!I

C{4
? 3 dffruglqj wr wkh exgjhw uhvwulfwlrq lq +58, li zh

duh orfdwhg rq wkh srvlwlyho| vorshg vlgh ri wkh Od�hu fxuyh1 C ap
C!I

m!L A 3 iurp

+63, dqg C ap
Cs

mw>}>�>� ? 3 iurp +5<, dqg C ap
C{4

mw>}>s ? 3 iurp +63,1

618 Wrwdo Xqhpsor|phqw

Wklv vhfwlrq lv frqfhuqhg zlwk krz wkh qxpehu ri xqhpsor|hg zrunhuv lv d�hfwhg
e| ixoo| �qdqfhg fkdqjhv lq wkh sxqlvkphqw v|vwhp1 Dv lv fohdu iurp vhfwlrq
51516/ wkh wrwdo qxpehu ri xqhpsor|hg zrunhuv ghshqgv rq wkh glylvlrq ri oderxu
dfurvv vhfwruv1 Zh fdq vxppdul}h wkh uhvxowv rq wrwdo xqhpsor|phqw lq wkh
iroorzlqj sursrvlwlrq=

44



Sursrvlwlrq 8 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ kdv dq dpeljxrxv

lpsdfw rq wrwdo xqhpsor|phqw/ XWRW / zkhuhdv d ixoo| �qdqfhg lqfuhdvh lq wkh

sxqlvkphqw udwhv/ � dqg �/ uhgxfhv wrwdo xqhpsor|phqw/ XWRW / frqvlghuhg wkdw

zh duh orfdwhg rq wkh srvlwlyho| vorshg vlgh ri wkh Od�hu fxuyh1

Surri1 Gl�huhqwldwlqj htxdwlrq +4<, zlwk uhvshfw wr XWRW > dqg wkh srolf|
sdudphwhuv s> �> dqg � dqg frqvlghulqj wkh jryhuqphqw exgjhw uhvwulfwlrq jlyhv=

CXWRW

Cs
@

C ap

Cs

�
xL � xI

�
. ap

CxL

Cs
> +66,

CXWRW

C{4
@

C ap

C{4

�
xL � xI

�
? 3> {4 @ �> � +67,

zkhuh C ap
Cs

? 3> C ap
C{4

? 3 iurp wkh surri ri sursrvlwlrq +7, dqg CxL

Cs
? 3 iurp

+5:,1
D kljkhu dxglw udwh s lqgxfhv d uhdoorfdwlrq ri zrunhuv wrzdugv wkh irupdo

vhfwru1 Wklv whqgv wr uhgxfh wrwdo xqhpsor|phqw dv wkh irupdo vhfwru xqhpsor|0
phqw udwh lv vpdoohu wkdq wkh lqirupdo vhfwru xqhpsor|phqw udwh1 Krzhyhu/ wkh
xqhpsor|phqw udwh lq wkh lqirupdo vhfwru lqfuhdvhv vlqfh wkh vkruwhu gxudwlrq
ri mrev glvfrxudjhv �upv wr hqwhu wkh lqirupdo vhfwru> wklv whqgv wr udlvh wrwdo
xqhpsor|phqw1 Wkh ryhudoo h�hfw rq xqhpsor|phqw ri dq lqfuhdvh lq wkh dxglw
udwh lv khqfh dpeljxrxv1 Dq lqfuhdvh lq wkh sxqlvkphqw udwhv/ � dqg �/ zloo
krzhyhu xqdpeljxrxvo| uhgxfh wrwdo xqhpsor|phqw vlqfh rqo| wkh uhdoorfdwlrq
h�hfw lv dw zrun1

7 Zhoiduh

Wklv vhfwlrq lv frqfhuqhg zlwk zhoiduh dqdo|vhv ri sxqlvkphqw v|vwhpv1 Wr wkdw
hqg/ zh pdnh xvh ri d xwlolwduldq zhoiduh ixqfwlrq/ zklfk lv rewdlqhg e| dgglqj
doo lqglylgxdov* dqg �upv* vwhdg| vwdwh  rz ydoxhv ri zhoiduh1 Wkh vrfldo zhoiduh
ixqfwlrq lv zulwwhq dv=
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zkhuh �ZI @ xI uXI .qI uHI .qI uMIp.yI uY I > dqg �Z L @ xLuXL .qLuHL.
qLuML . yLuY L = Zh dvvxph wkdw �upv duh rzqhg e| �uhlqwhuv� zkr gr qrw
zrun1 E| pdnlqj xvh ri wkh dvvhw htxdwlrqv iru zrunhuv dqg �upv lq wkh wzr
vhfwruv/ lpsrvlqj wkh  rz htxloleulxp frqglwlrqv dv zhoo dv wkh jryhuqphqw
exgjhw uhvwulfwlrq lq +58,/ dqg frqvlghulqj wkh fdvh ri qr glvfrxqwlqj/ l1h1/ u$ 3/
zh fdq zulwh wkh zhoiduh ixqfwlrq dv=
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Zlwk wkh dvvxpswlrq ri ulvn qhxwudo lqglylgxdov/ zh ljqruh glvwulexwlrqdo
lvvxhv dqg khqfh zdjhv zloo qrw ihdwxuh lq wkh zhoiduh ixqfwlrq1 Wkh jryhuqphqw
exgjhw lv edodqfhg dw doo wlphv1

714 Zhoiduh h�hfwv ri wkh sxqlvkphqw v|vwhp

Ehiruh frqvlghulqj wkh lpsdfw ri wkh sxqlvkphqw v|vwhp rq zhoiduh/ zh fdq
frqfoxgh wkdw zhoiduh ghshqgv rq erwk wkh zhoiduh jhqhudwhg lq hdfk vhfwru dqg
wkh doorfdwlrq ri zrunhuv dfurvv wkh wzr vhfwruv1 Ohw xv �uvw frqvlghu krz fkdqjhv
lq wkh doorfdwlrq ri zrunhuv dfurvv vhfwruv d�hfw zhoiduh1 Zh fdq frqfoxgh wkh
iroorzlqj=

CZ

C ap
@ Z L + ap,�ZI @ 3=

Wkhuh duh qr zhoiduh h�hfwv iurp fkdqjhv lq vhfwruldo glylvlrq1 Wkh uhdvrq lv
wkdw erwk zrunhuv dqg �upv duh xqd�hfwhg e| wkhvh oderxu pryhphqwv1 Zrunhuv
wkdw fkdqjh wkhlu vhfwruldo vwdwxv duh lqgl�huhqw ehwzhhq wkh wzr vwdwhv vlqfh wkh
prudo frvwv htxdov wkh h{shfwhg jdlq ri lqirupdo vhfwru zrun iru wkhvh zrunhuv1
Ilupv/ lq dgglwlrq/ pdnh }hur sur�wv lq wkh orqj uxq1

Khqfh/ frqvlghulqj krz wkh sxqlvkphqw v|vwhp d�hfwv zhoiduh/ zh fdq glvuh0
jdug iurp wkh uhdoorfdwlrq h�hfw1 Zkdw lv lpsruwdqw lv krz zhoiduh dvvrfldwhg
zlwk wkh wzr vhfwruv duh d�hfwhg e| wkh sxqlvkphqw v|vwhp1 D forvhu orrn dw
wkh zhoiduh phdvxuhv dvvrfldwhg zlwk hdfk vhfwru uhyhdov wkdw fkdqjhv lq �> �> }/
dqg w zloo kdyh qr lpsdfw rq ZI dqg Z L 1 Ixuwkhupruh/ zh kdyh wkdw fkdqjhv
lq wkh dxglw udwh s kdyh qr lpsdfw rq ZI exw zloo lq xhqfh Z L 1 Wkhuhiruh/ zh
fdq vwxg| wkh lpsdfw rq ryhudoo zhoiduh ri d ixoo| �qdqfhg lqfuhdvh lq wkh dxglw
udwh/ s/ dqg wkh sxqlvkphqw udwhv/ � dqg �/ zlwkrxw h{solflwo| lqfrusrudwlqj wkh
jryhuqphqw exgjhw uhvwulfwlrq vlqfh dgmxvwphqwv lq wkh wd{ udwhv/ } dqg w/ kdyh
qr lpsdfw rq zhoiduh1 Zh vxppdul}h wkh uhvxowv lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 9 D ixoo| �qdqfhg lqfuhdvh lq wkh dxglw udwh/ s/ zloo uhgxfh zhoiduh

zkhuhdv kljkhu sxqlvkphqw udwhv/ � dqg �/ zloo kdyh qr lpsdfw rq zhoiduh1

Surri1 Dv lv fohdu iurp htxdwlrqv +69, dqg +6:, zklfk duh lqghshqghqw ri �>
�> }/ dqg w/ dqg wkh idfw wkdw vhfwru uhdoorfdwlrq ri zrunhuv zloo kdyh qr lpsdfw
rq ryhudoo zhoiduh/ wd{ �qdqfhg fkdqjhv lq/ � dqg �/ zloo kdyh qr lpsdfw rq
zhoiduh1 Gl�huhqwldwlqj +68,/ +69, dqg +6:, zlwk uhvshfw wr s jlyhv=
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Wkhq xvlqj htxdwlrq dqg +5, dqg uhgxfh wr rewdlq=
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Uhgxflqj ixuwkhu xvlqj +59, jlyhv zkhq u @ 3=

CZ

Cs
@ �

��
| . �Ln

�
�L� .

v. s

tL

�
|tL � +v. s,n

��
=

E| xvh ri wkh oderxu pdunhw wljkwqhvv htxdwlrq iru wkh lqirupdo vhfwru zh
revhuyh wkdw wkh odvw whup lv dozd|v srvlwlyh dqg khqfh CZ

Cs
? 31

D kljkhu dxglw udwh ohdgv wr orzhu zhoiduh dv zhoiduh iru wkh lqirupdo vhfwru lv
uhgxfhg1 Zhoiduh iru wkh lqirupdo vhfwru lv ghfuhdvlqj zlwk d kljkhu dxglw udwh/
dv wkh lqfuhdvh lq wkh xqhpsor|phqw udwh lv grplqdwlqj wkh lqfuhdvhg zhoiduh
gxh wr orzhu klulqj frvwv1

Iurp d zhoiduh hfrqrplf shuvshfwlyh/ wkh lqirupdo vhfwru vkrxog qrw eh dx0
glwhg dv zhoiduh lv uhgxfhg iru lqirupdo vhfwru zrunhuv zlwkrxw d�hfwlqj zhoiduh
iru irupdo vhfwru zrunhuv1 Wkh lqgxfhg uhdoorfdwlrq ri zrunhuv wrzdugv wkh
irupdo vhfwru kdv qr lpsdfw rq hfrqrplf zhoiduh1

8 Frqfoxvlrq

Zh kdyh vkrzq wkdw lqfuhdvhg jryhuqphqw frqwuro ri wkh xqghujurxqg hfrqrp|
lq whupv ri pruh iuhtxhqw dxglwlqj zloo uhgxfh wkh vl}h ri wkh xqghujurxqg
hfrqrp|1 Wkh uhdvrq lv wkdw hpsor|phqw shuvshfwlyhv dqg frqvxphu zdjhv lq
wkh irupdo vhfwru duh uhgxfhg1 Pruh iuhtxhqw dxglwlqj uhgxfhv wkh sur�wdelolw|
iru �upv wr rshq ydfdqflhv lq wkh xqghujurxqg hfrqrp| vlqfh wkh dyhudjh wlph
ohqjwk ri d mre lv uhgxfhg1 Khqfh/ ohvv �upv zloo rshq lqirupdo ydfdqflhv dqg
hpsor|phqw shuvshfwlyhv lq wkh lqirupdo vhfwru idoov1

Zh kdyh dovr vkrzq wkdw lqfuhdvhg dxglwlqj uhgxfhv zhoiduh exw pd| qrw
qhfhvvdulo| uhgxfh ryhudoo xqhpsor|phqw1 Wkh dpeljxrxv lpsdfw rq ryhudoo xq0
hpsor|phqw vwhpv iurp wkh uhgxfhg hpsor|phqw shuvshfwlyhv lq wkh lqirupdo
vhfwru ehlqj frxqwhudfwhg e| wkh idfw wkdw zrunhuv uhdoorfdwh wrzdugv wkh irupdo
vhfwru zkhuh wkh xqhpsor|phqw udwh lv orzhu1 Zhoiduh lv uhgxfhg vlqfh hpsor|0
phqw shuvshfwlyhv lq wkh lqirupdo vhfwru duh uhgxfhg dqg wkh uhdoorfdwlrq ri
zrunhuv ohdyhv zhoiduh xqd�hfwhg1

Frqvlghulqj lqfuhdvhg sxqlvkphqw ihhv/ zh frqfoxghg wkdw wkh kljkhu sxqlvk0
phqw ihhv uhgxfh wkh vl}h ri wkh xqghujurxqg hfrqrp| e| uhgxflqj wkh frqvxphu

47



zdjhv iru lqirupdo vhfwru zrunhuv1 Pruhryhu/ kljkhu sxqlvkphqw ihhv zloo kdyh
qr lpsdfw rq zhoiduh exw zloo uhgxfh ryhudoo xqhpsor|phqw1 Krzhyhu/ dq djhqgd
iru ixwxuh zrun frxog eh wr lqfoxgh prudo frqvlghudwlrqv frqfhuqlqj wkh vl}h ri
wkh lqirupdo vhfwru ru frqvxpswlrq ri wkh lqirupdo vhfwru jrrg/ zklfk frxog
prgli| wkh zhoiduh uhvxowv1

Uhihuhqfhv

^4` Dqghuvhq Shu/ 4<::/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv :</ 6:80;61

^5` Doolqjkdp/ Plfkdho J1 dqg Vdqgpr/ Djqdu/ 4<:5/ Lqfrph wd{ hydvlrq= D
wkhruhwlfdo dqdo|vlv/ Mrxuqdo ri Sxeolf Hfrqrplfv 4/ 656066;1

^6` Fkdqj / Zhq0\d/ dqg Odl/ Fklqj0Fkrqj/ 4<<9/ Sxeolf Ilqdqfh Txduwhuo|
57/ 49604:51

^7` Mxqj/ \rxqj K1/ Vqrz Duwkxu/ Wudqgho/ Juhjru| D1/ 4<<7/ Wd{ hydvlrq
dqg wkh vl}h ri wkh xqghujurxqg hfrqrp|1 Mrxuqdo Ri Sxeolf Hfrqrplfv 87/
6<407461

^8` Slvvdulghv/ F1D1/ 4<<;/ Wkh lpsdfw ri Hpsor|phqw Wd{ Fxwv rq Xqhpsor|0
phqw dqg Zdjhv= Wkh Uroh ri Xqhpsor|phqw dqg Wd{ Vwuxfwxuh/ Hxurshdq
Hfrqrplf Uhylhz 75/ 48804;61

^9` Slvvdulghv/ F1D1/ 4<<3= Htxloleulxp Xqhpsor|phqw Wkhru|/ Eodfnzhoo/ R{0
irug1

^:` Slvvdulghv/ F1D1/ 4<;9/ Xqhpsor|phqw dqg ydfdqflhv lq Eulwdlq/ Hfrqrplf
Srolf| 6/ 7<<088<1

^;` Shvwlhdx/ Slhuuh/ dqg Srvvhq/ Xul P1/ 4<<4/ Wd{ Hydvlrq dqg rffxsdwlrqdo
fkrlfh/ Mrxuqdo ri Sxeolf Hfrqrplfv 78/ 43:04581

^<` Vdqgpr/ Djqdu/ 4<;4/ Lqfrph Wd{ Hydvlrq/ Oderxu vxsso|/ dqg wkh htxlw|0
h!flhqf| wudgh0r�/ Mrxuqdo ri Sxeolf Hfrqrplfv 49/ 5980;;1

^43` Vfkqhlghu/ Iulhgulfk/ dqg Grplqln Hqhvwh/ 5333/ Vkdgrz Hfrqrplhv=
Vl}h/Fdxvhv/ dqg Frqvhtxhqfhv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 6;+4,/ ::0
4471

^44` Vulqlydvdq/W1Q1/4<:6/ Wd{ Hydvlrq/ D Prgho/ Mrxuqdo ri Sxeolf Hfrqrplfv
5/ 66<06791

^45` Shghuvhq/ V1 dqg Qlqd Vplwk/ 4<<;= Vruw duehmgh rj vruw oûq l Gdqpdun1

^46` Vohpurg/ Mrho/ dqg Vkorpr \lw}kdnl/ 5333/ Wd{ Dyrlghqfh/ Hydvlrq/ dqg
Dgplqlvwudwlrq/ Iruwkfrplqj lq Kdqgerrn ri Sxeolf Hfrqrplfv/ Zrunlqj
Sdshu/ QEHU=:7:61

^47` Zdwvrq/ Kduu|/ 4<;8/ Wd{ hydvlrq dqg oderxu pdunhwv/ Mrxuqdo ri Sxeolf
Hfrqrplfv 5:/ 56405791
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9 Dsshqgl{

914 Lpsdfw rq uhyhqxh

Gl�huhqwldwlqj wkh jryhuqphqw exgjhw frqvwudlqw lq +58, zlwk uhvshfw wr s dqg
{ @ w> }> �> � jlyhv wkh iroorzlqj h{suhvvlrqv=
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zkhuh zh fdq glylgh wkh lq xhqfhv rq wkh jryhuqphqw uhyhqxh lqwr irxu fdwh0
jrulhv fkdudfwhul}hg e| hdfk urz lq wkh wzr htxdwlrqv1 Wkh �uvw urz lq hdfk
htxdwlrq fdswxuhv krz uhyhqxhv duh dowhuhg e| wkh fkdqjh lq wkh qxpehu ri
zrunhuv fkrrvlqj wkh lqirupdo vhfwru1 Wkh vhfrqg urz lq htxdwlrq +6;, fdswxuhv
krz uhyhqxhv duh lq xhqfhg e| fkdqjhv lq wkh htxloleulxp surgxfhu zdjh iru
lqirupdo vhfwru zrunhuv1 Wkh wklug urz lq htxdwlrq +6;, jlyhv wkh lpsdfw rq
uhyhqxhv gxh wr hpsor|phqw fkdqjhv iru lqirupdo vhfwru zrunhuv1 Ilqdoo|/ wkh
irxuwk urz lq htxdwlrq +6;, dqg wkh vhfrqg urz lq htxdwlrqv +6<, dqg +73, jlyhv
wkh gluhfw h�hfw1

Frqvlghu �uvw krz uhyhqxhv fkdqjh zlwk dq lqfuhdvh lq dxglw udwh/ s +fi1
htxdwlrq +6;,1 Iurp wkh glvfxvvlrq lq vhfwlrq 617 zh frqfoxghg wkdw wkh qxpehu
ri lqirupdo vhfwru zrunhuv ghfuhdvhv zlwk d kljkhu dxglw udwh1 Uhyhqxhv wkhq
lqfuhdvh wr wkh h{whqw wkdw irupdo vhfwru zrunhuv sd| pruh wd{hv wkdq lqirupdo
vhfwru zrunhuv sd| lq sxqlvkphqw ihhv1 Wkh vhfrqg urz hqfdsvxodwhv wkdw d
kljkhu dxglw udwh lpsolhv orzhu lqirupdo vhfwru surgxfhu zdjhv/ wkh jryhuqphqw
uhyhqxhv idoo1 Vlqfh wkh hpsor|phqw udwh iru lqirupdo vhfwru zrunhuv ghfuhdvhv/
wkh jryhuqphqw uhyhqxhv idoo1 Ilqdoo|/ wkh gluhfw h�hfw zloo dozd|v lqfuhdvh
uhyhqxhv1
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Vlqfh wkh g|qdplf h�hfwv pryh lq gl�huhqw gluhfwlrqv lw lv gl!fxow wr ghwhu0
plqh zkhwkhu wkh| uhlqirufh ru zhdnhq wkh gluhfw h�hfw1 Krzhyhu/ zh dvvxph
wkdw zh duh orfdwhg rq wkh xszdug vorslqj sduw ri wkh Od�hu fxuyh dqg khqfh
wkh g|qdplfv h�hfwv zloo qhyhu grplqdwh wkh gluhfw h�hfw1

Dqdorjrxv uhdvrqlqj fdq eh frqgxfwhg iru htxdwlrq +6<,1 Zh ghulyhg wkdw
wkh qxpehu ri lqirupdo vhfwru zrunhuv ghfuhdvhv zlwk kljkhu sxqlvkphqw ihhv1
Uhyhqxhv wkhq lqfuhdvh wr wkh h{whqw wkdw irupdo vhfwru zrunhuv sd| pruh wd{hv
wkdq lqirupdo vhfwru zrunhuv sd| lq sxqlvkphqw ihhv1 Wkh gluhfw h�hfw zloo
dozd|v lqfuhdvh uhyhqxhv1

Ilqdoo|/ iurp htxdwlrq +73, zh revhuyh wkdw wkh uhdoorfdwlrq h�hfw ehwzhhq
wkh wzr vhfwruv whqgv wr ghfuhdvh uhyhqxhv li irupdo vhfwru zrunhuv sd| pruh
wd{hv wkdq lqirupdo vhfwru zrunhuv sd| lq sxqlvkphqw ihhv/ zkhuhdv wkh gluhfw
h�hfw lqfuhdvhv uhyhqxhv1
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