
Zrunhuv* Vnloov dqg Surgxfw Vhohfwlrq

M1 Jdev}hzlf}Wdqg D1 Wxuulql_

Rfwrehu 4<<;1

Devwudfw

Zkhq wkh surgxfwlrq ri kljk txdolw| jrrgv qhhgv wkh hpsor|phqw ri

txdol�hg oderxu/ �upv* ghflvlrqv frqfhuqlqj txdolw| duh d�hfwhg e| wkh h{whqw

wr zklfk vnloov duh dexqgdqw1 E| phdqv ri d frpsdulvrq ehwzhhq prqrsro|

dqg shuihfw frpshwlwlrq/ zh vkrz krz pdunhw srzhu lq vxfk d frqwh{w pd|

hqwdlo d glvwruvlrq lq surgxfw vhohfwlrq wrzdugv wrr kljk dyhudjh txdolw|1

MHO Fodvvl�fdwlrq= G7/ M57/ O46/ O481

Nh|zrugv= Surgxfw vhohfwlrq/ yhuwlfdo gl�huhqwldwlrq/ pdunhw srzhu/ kx0

pdq fdslwdo1

WFruuhvsrqglqj dxwkru1 FRUH/ Xqlyhuvlw| ri Orxydlq/ 67 Yrlh gx Urpdq Sd|v/ 467;

Orxydlq0od0Qhxyh/ Ehojlxp Hpdlo= jdev}hzlf}Cfruh1xfo1df1eh
_Xqlyhuvlw| ri Ehujdpr/ Lwdo|/ dqg FRUH/ Xqlyhuvlw| ri Orxydlq/ Ehojlxp1



Txdol�fdwlrq gh wudydloohxuv hw vhohfwlrq gh surgxlwv

Od surgxfwlrq g*xq elhq gh txdolwì vxshulìxuh uhtxlhuw o*xwlolvdwlrq gh wud0
ydloohxuv vsìfldohphqw txdol�ìv ã fhwwh �q1 Txdqg ohv �uphv grlyhqw fkrlvlu od
txdolwì ghv elhqv tx* hoohv vh sursrvhqw gh surgxluh hw gh yhqguh/ ohxu fkrl{ gìshqg
gh o* derqgdqfh gh wudydlo txdol�ì r�huw vxu oh pdufkì gx wudydlo1 Qrxv dqdo|vrqv
gdqv fhw duwlfoh frpphqw v* rsëuh od vhohfwlrq gh od txdolwì ghv surgxlwv sdu xq
prqrsroh hw hq frqfxuuhqfh/ hq irqfwlrq gh o* r�uh gh wudydlo txdol�ì1 Qrxv gì0
prqwurqv txh o* h{lvwhqfh g* xq srxyrlu gh pdufkì lqwurgxlw xq eldlv sdu udssruw
ã od vroxwlrq frqfxuuhqwlhooh/ hq idyhxu g*xqh txdolwì pr|hqqh wurs ìohyìh1
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41 Lqwurgxfwlrq

Zkhq d �up vhohfwv lwv surgxfw yduldqw/ lw lv erxqghg wr fkrrvh lw dprqj
wkrvh wkdw fdq eh pdqxidfwxuhg/ jlyhq wkh yroxph dqg wkh frpsrvlwlrq ri wkh
oderxu irufh lq whupv ri dydlodeoh txdol�fdwlrqv1 H{dfwo| dv lw lv lpsrvvleoh wr
surgxfh/ xqghu dxwdufk|/ d jrrg pdgh ri d phwdo qrw dydlodeoh lq wkh krph
frxqwu|/ lw lv dv zhoo gl!fxow wr pdqxidfwxuh kljko| vrsklvwlfdwhg jrrgv lq d
frxqwu| srruo| hqgrzhg zlwk vrsklvwlfdwhg kxpdq fdslwdo1 Lq d zruog zkhuh
sk|vlfdo fdslwdo lv lqfuhdvlqjo| preloh/ lw lv kxpdq fdslwdo wkdw ehfrphv pruh dqg
pruh riwhq d fuxfldo idfwru olplwlqj �upv* surgxfwlrq srvvlelolwlhv dqg frxqwulhv*
fkdqfhv ri ghyhorsphqw1 Wklv ylhz lv odujho| vxssruwhg e| hpslulfdo hylghqfh1
Lq furvv0 frxqwu| frpsdulvrqv/ iru lqvwdqfh/ lw lv zhoo grfxphqwhg wkdw frxqwulhv
ohvv hqgrzhg zlwk �yrfdwlrqdo� vnloov/ vxfk dv Eulwdlq ru Luhodqg/ whqg wr surgxfh
jrrgv ri d orzhu dyhudjh txdolw| frpsduhg zlwk frxqwulhv zkhuh wkh oderxu irufh
ehqh�wv iurp dexqgdqw yrfdwlrqdo wudlqlqj/ vxfk dv Jhupdq| ru wkh Qhwkhuodqgv
+Gdo| hw do1 +4<;8,/ Vwhhgpdq dqg Zdjqhu +4<;:/ 4<;<,/ Klwfkhqv dw do1 +4<<4,/
Pdvrq hw do1 +4<<9,,1 Vlploduo|/ lq wlph vhulhv dqdo|vhv/ d srvlwlyh uhodwlrq ehwzhhq
wkh txdolw| ri surgxfwv dqg wkh txdolw| ri wkh zrunirufh kdv ehhq irxqg +vhh
Derzg hw do1 +4<<9, iru dq dqdo|vlv uhodwlyh wr Iudqfh,1 Frqvlvwhqwo|/ lw dovr
hphujhv wkdw wkrvh frxqwulhv wkdw duh uhodwlyho| zhoo hqgrzhg zlwk vnloohg oderxu
whqg wr shuirup ehwwhu lq kljkhu txdolw| vhjphqwv lq yhuwlfdoo| gl�huhqwldwhg lqwud0
lqgxvwu| wudgh +Frxudnlv +4<<4,/ Zhevwhu +4<;:,/ Rxowrq +4<<9,/ Irqwdjqh hw do1/
+4<<:,/ Juhhqdzd| dqg Wruvwhqvvrq +4<<;,,1

Lq vslwh ri vxevwdqwldo h{lvwlqj hpslulfdo zrun irfxvhg rq wkh uhodwlrqvkls
ehwzhhq zrunhuv* vnloov dqg surgxfw txdolw|/ wkh uhohydqfh ri wklv olqn iru wkh
sureohp ri surgxfw vhohfwlrq rq wkh sduw ri �upv kdv vr idu ehhq qhjohfwhg14 Lq
d frpsdqlrq sdshu/ zh dgguhvvhg wklv lvvxh irfxvlqj rq srvvleoh lqghwhuplqdflhv
dulvlqj xqghu �upv* vwudwhjlf lqwhudfwlrq +Jdev}hzlf} dqg Wxuulql +4<<;,,1 Wkhuh/
zh vkrz krz wkh vxsso| ri surgxfw txdolw| dqg vshfl�f kxpdq fdslwdo pd| eh
lqghwhuplqdwh zkhq d whfkqlfdo olqndjh jrlqj iurp vnloov wr txdolw| frh{lvwv zlwk
d pdunhw olqndjh uhodwlqj wkh txdolw| frq�jxudwlrq fkrvhq e| �upv wr wkh ghpdqg
iru vnloohg oderxu1

Lq wklv sdshu/ zh zdqw wr kljkoljkw d gl�huhqw lvvxh/ qdpho|/ wkdw ri wkh
rswlpdolw| ri wkh htxloleulxp txdolw| frq�jxudwlrq dulvlqj xqghu dowhuqdwlyh dv0
vxpswlrqv frqfhuqlqj pdunhw vwuxfwxuh1 Lq grlqj wkdw/ zh ghyhors wkh vlpsohvw
h{dpsoh ri dq lqgxvwu| fkdudfwhul}hg e| d whfkqlfdo uhodwlrq ehwzhhq zrunhuv*
vnloov dqg surgxfw txdolw|1 Wzr w|shv ri oderxu/ h{fkdqjhg rq shuihfw pdunhwv/

4Wkhruhwlfdo zrun frqfhuqlqj zrunhuv* vnloov dqg surgxfw txdolw| kdv vr idu pdlqo| h{soruhg
pdfurhfrqrplf lvvxhv +vhh/ iru lqvwdqfh/ Vwrnh| +4<<4,/ Dfhprjox +4<<7,/ dqg Uhgglqj +4<<9,,1
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duh suhvhqw zlwklq wkh lqgxvwu|= vnloohg dqg xqvnloohg1 Vnloohg zrunhuv duh lghqwl0
�hg e| wkhlu vxshulru shuirupdqfh lq pdqxidfwxulqj= wkh| surgxfh yduldqwv ri wkh
jrrg ri d kljkhu txdolw|1 Vlqfh zh irfxv rq wkh vkruw0uxq dqg frqvlghu lqgxvwu|0
vshfl�f vnloov/ zh frqvlvwhqwo| dvvxph wkh vxsso| ri vnloohg oderxu wr eh �{hg dqg
wkdw ri xqvnloohg oderxu wr eh shuihfwo| hodvwlf1 Dv iru ghpdqg/ zh eruurz iurp
Pxvvd dqg Urvhq +4<:;, d uhsuhvhqwdwlrq ri ghpdqg wkdw doorzv iru jrrgv* yhu0
wlfdo gl�huhqwldwlrq1 Lq vxfk d plqlpdo iudphzrun/ zh frpsduh wkh surshuwlhv
ri wkh htxloleulxp frq�jxudwlrq hphujlqj xqghu wzr srodu fdvhv= prqrsro| dqg
shuihfw frpshwlwlrq1 Lq erwk fdvhv/ �upv duh dvvxphg wr vhohfw wkh glvwulexwlrq
ri wkhlu vdohv dfurvv txdolw| yduldqwv1

Rxu dqdo|vlv vkrzv wkdw/ zkloh wkh txdolw| frq�jxudwlrq dulvlqj xqghu sxuh
frpshwlwlrq lv vrfldoo| rswlpdo/ wkh rqh hphujlqj xqghu prqrsro| lv jhqhudoo| qrw1
Wkh prqrsrolvw* v lqfhqwlyh wr vxsso| orz0txdolw| yduldqwv ri wkh jrrg dsshduv
wr eh wrr zhdn1 Lq rwkhu whupv/ pdunhw srzhu vhhpv wr lqgxfh d eldv wrzdugv d
wrr0kljk dyhudjh surgxfw txdolw|1

51 Wkh lqgxvwu|

Frqvlghu dq lqgxvwu| fkdudfwhul}hg e| d olqhdu surgxfwlrq whfkqrorj|= rqh xqlw
ri surgxfw uhtxluhv rqh xqlw ri oderxu1 Dvvxph ixuwkhu wkdw wzr w|shv ri oderxu
duh dydlodeoh iru surgxfwlrq/ vnloohg dqg xqvnloohg1 Li vnloohg oderxu lv hpsor|hg/
d fruuhvsrqglqj dprxqw ri �kljk0txdolw|� jrrgv duh surgxfhg +yduldqw k,> li lw lv
xqvnloohg oderxu wr eh xvhg lq wkh surgxfwlrq surfhvv/ jrrgv ri d �orz0txdolw|�
yduldqw duh rewdlqhg +yduldqw o,1 Vnloov duh lqgxvwu|0vshfl�f15 Zh dvvxph/ frq0
vlvwhqwo|/ wkdw xqvnloohg zrunhuv shuirup htxdoo| zhoo lq wkh uhvw ri wkh hfrqrp|/
zkloh wkh vnloohg h{sorlw wkhlu vxshulru delolwlhv rqo| lq wkh lqgxvwu| xqghu dqdo0
|vlv16 Irfxvlqj rq wkh vkruw0phglxp uxq/ wkh vxsso| ri w|sh k oderxu fdq eh
wdnhq dv �{hg dqg htxdo wr O= vnloo lv d vfdufh idfwru1 Frqyhuvho|/ wkh vxsso| ri
xqvnloohg oderxu lv qhfhvvdulo| pruh hodvwlf/ gxh wr lqwhuvhfwrudo prelolw|1 Dvvxp0
lqj shuihfw prelolw|/ wkh vxsso| ri vnloohg oderxu vhuylfhv lv shuihfwo| krul}rqwdo/
dqg lwv hduqlqjv duh �{hg dw lwv rxwvlgh pdujlqdo surgxfwlylw|/ ghqrwhg e| u1 Dv
iru wkh hduqlqjv ri vnloohg zrunhuv/ wkh| duh ghqrwhg e| z> dqg duh ghwhuplqhg
e| wkh ghpdqg jhqhudwhg zlwklq wkh lqgxvwu| xqghu frqvlghudwlrq1 Wkh oderxu
pdunhw lv dvvxphg wr eh shuihfwo| frpshwlwlyh1

Ghpdqg iru wkh surgxfw lv h{suhvvhg e| d frqwlqxxp ri frqvxphuv gl�hulqj
lq whupv ri wkhlu lqwhqvlw| ri suhihuhqfhv iru txdolw| +Pxvvd dqg Urvhq +4<:;,,1

5 Lpdjlqh/ iru lqvwdqfh/ wkdw vnloohg zrunhuv duh wkrvh wkdw ehqh�w iurp yrfdwlrqdo wudlqlqj lq
wkh sduwlfxodu surgxfwlrq surfhvv frqvlghuhg1

6Vr/ vnloohg zrunhuv pd| dv zhoo zrun dv xqvnloohg/ zkloh wkh uhyhuvh lv qrw srvvleoh1
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Hdfk frqvxphu/ li ex|v/ ex|v dw prvw rqh xqlw ri wkh jrrg1 Ghqrwlqj e| x�>

l @ k> o/ x� A x,/ wkh gl�huhqw ghjuhhv ri txdolw| ri wkh surgxfw/ xwlolw| iru wkh
frqvxphu fkdudfwhul}hg e| wdvwh iru txdolw| � lv jlyhq e|

X+�> x�, @

+
�x� � s� zkhq ex|lqj
3 zkhq qrw ex|lqj/

+514,

zkhuh s� lv wkh sulfh ri yduldqw l1 Sdudphwhu � lv xqlirupo| glvwulexwhg/ zlwk

ghqvlw| P / rq wkh lqwhuydo
k
3> �

l
17 Zh olplw wkh dqdo|vlv wr vljql�fdqw fdvhv/

zkhuh srwhqwldo ghpdqg iru vnloohg oderxu lv kljkhu wkdq vxsso|/ vr wkdw O ? P 1
Ghqrwh e| ��c, wkh frqvxphu wkdw lv mxvw lqgl�huhqw ehwzhhq ex|lqj rqh xqlw

ri yduldqw k dqg e| ��cf > l @ k> o> wkh frqvxphu wkdw lv lqgl�huhqw ehwzhhq ex|lqj
rqh xqlw ri yduldqw l dqg qrw ex|lqj1 Lw lv hdvlo| fkhfnhg wkdw ��c, @

R�3R,
��3�,

dqg
��cf @ R�

��
1 Ghpdqgv/ G�> duh wkxv vwudljwiruzdugo| ghulyhg dv iroorzv zkhq erwk

yduldqwv duh vxssolhg rq wkh pdunhw

G�+s�> s,, @ P
�
� � ��c,

�
> G,+s�> s,, @ P +��c, � �,cf , > +515,

dqg e|

G�+s�, @ P
�
� � ��cf

�
l @ k> o +516,

zkhq rqo| yduldqw l lv vxssolhg1
Zh duh lqwhuhvwhg lq fkdudfwhul}lqj dq lqgxvwu| htxloleulxp zkhuh sulfhv iru

jrrgv dqg vnloohg oderxu vhuylfhv duh vlpxowdqhrxvo| ghwhuplqhg dqg zkhuh wkh
doorfdwlrq ri surgxfwlrq dfurvv txdolw| vhjphqwv hphujhv hqgrjhqrxvo| iurp �upv*
pd{lpl}lqj ehkdylrxu1 Frqfhuqlqj pdunhw vwuxfwxuh/ zh frqvlghu/ lq wxuq/ prqrsro|
dqg sxuh frpshwlwlrq dv srodu fdvhv1

61 Prqrsro|

Wkh prqrsrolvw/ wdnlqj wkh zdjhv z dqg u dv jlyhq/ pd{lplvhv sur�wv � +s�> s,,
erwk zlwk uhvshfw wr sulfh+v, dqg wkh txdolw| sur�oh ri lwv vdohv/ xqghu wkh ixuwkhu
uhtxluhphqw wkdw wkh oderxu pdunhw fohduv18 Dvvxplqj wkdw erwk txdolwlhv duh

7 Lq d pruh jhqhudo irupxodwlrq/ frqvxphuv zrxog eh udqnhg lq
�
wc w

�
1 Lq wklv fdvh/ lw lv srvvleoh

wkdw doo frqvxphuv ex| wkh surgxfw/ l1h1/ wkh pdunhw lv �fryhuhg�1 Vhwwlqj w ' f h{foxghv wklv

srvvlelolw|1 Wklv dvvxpswlrq rqo| suhfoxghv fdvhv zlwkrxw vljql�fdqw lqwhuhvw/ zkhuh ghpdqg ru

vnloohg oderxu lv dozd|v orzhu wkdq vxsso|/ vr wkdw � ' o1
8Qrwh wkdw wkhuh lv qr vhtxhqwldolw| lq wklv sureohp1 Sulfh ghwhuplqdwlrq/ surgxfw vhohfwlrq

dqg wkh fohdulqj ri doo pdunhwv rffxu vlpxowdqhrxvo|1
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vrog/ prqrsrolvw* v sur�wv duh jlyhq e|

� +s�> s,, @ +s� �z,G�+s�> s,, . +s, � u,G,+s�> s,,> +614,

dqg wkh h{suhvvlrq ri sulfhv rewdlqhg iurp sur�w pd{lpl}dwlrq lv wkh iroorzlqj

s6, @
�x, . u

5
/ s6� @

�x� .z

5
= +615,

Dvvxplqj qrz wkdw txdolw| k ru txdolw| o rqo| duh vrog/ prqrsrolvwv* sur�wv duh/
uhvshfwlyho|/ rewdlqhg dv

�+s�, @ +s� �z,G�+s�,> �+s,, @ +s, � u,G,+s,,= +616,

Lw lv hdv| wr yhuli| wkdw wkh rswlpdo sulfh lq wkh fdvh lq zklfk rqo| surgxfw o
+uhvs1 k, lv vrog e| wkh prqrsrolvw kdv wkh vdph h{suhvvlrq dv wkdw ri s6

,
+uhvs1

s6
�
, dv gh�qhg e| +615,1
Frqfhuqlqj surgxfw vhohfwlrq/ wkh prqrsrolvw/ dw wkh suhydlolqj zdjh udwh

z/ frpsduhv wkh sur�wv lq wkh gl�huhqw dowhuqdwlyhv frpsxwhg dw wkh rswlpdo
sulfhv1 Ghqrwh/ uhvshfwlyho|/ e| �6+k,/ �6+k> o, �� +o, htxloleulxp sur�wv zkhq
wkh fkrvhq txdolw| sur�oh lv k/ +k> o, dqg o1 Vlpsoh fdofxodwlrqv vkrz wkdw

�6+k, A �6+k> o,/ z ?
x�

x,
u> +617,

dqg

�6+k> o, A �6+o,/ z ? � +x� � x,, . u> +618,

Dw dq lqgxvwu| htxloleulxp/ wkh zdjh udwh iru vnloohg zrunhuv pxvw eh frqvlv0
whqw zlwk oderxu pdunhw fohdulqj1 Khqfh/ z lv ghwhplqhg e| htxdolw| ri ghpdqg
dqg vxsso| ri vnloohg oderxu/ qrwlqj wkdw/ li ghpdqg fdqqrw eh dv kljk dv vxsso|/
wkhq vnloohg zrunhuv duh sdlg dv xqvnloohg1 Wdnlqj lqwr dffrxqw wkdw ghpdqg iru
vnloohg oderxu lv htxdo wr wkh ghpdqg iru wkh yduldqw ri kljk txdolw| +qdpho|/
G�+s�,/ G�+s�> s,, ru }hur> dffruglqj dv wkh txdolw| sur�oh lv +k,/ +k> o, ru +o,,/
wkh fruuhvsrqglqj htxloleulxp zdjh udwh/ z6+k,> z6+k> o,> dqg z6+o, lv jlyhq e|

z6+k, @ x�

�
� �

5O

P

�
> +619,

z6+k> o, @ u . +x� � x,,

�
� �

5O

P

�
> +61:,

z6+o, @ u= +61;,
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Qrwlfh �uvw wkdw/ dv orqj dv O A 3> h{suhvvlrq +61:, lpsolhv wkdw lqhtxdolw|
+618, pxvw krog/ zklfk lq wxuq jxdudqwhhv wkdw wkh sur�wv uhdol}hg e| vhoolqj wkh
orz txdolw| surgxfw rqo| duh dozd|v vpdoohu wkdq wkrvh rewdlqhg iurp vhoolqj
erwk surgxfwv vlpxowdqhrxvo|19 Khqfh/ lw lv qhyhu rswlpdo iru wkh prqrsrolvw
wr vshfldolvh lwv surgxfwlrq dqg vdohv dw wkh erwwrp ri wkh odgghu1 Ixuwkhu/ lw
hphujhv wkdw wkhuh lv d vzlwfk lq wkh rswlpdo txdolw| sur�oh ri wkh prqrsrolvw1
Zkhq z vwduwv wr eh kljkhu wkdq ��

�,
u> wkh prqrsrolvw vkliwv iurp wkh vxsso| ri

txdolw| k rqo| wr wkh vxsso| ri +k> o,1 Wdnlqj lqwr dffrxqw wkdw wkh zdjh udwh
ghwhuplqhg dw htxloleulxp lv d ixqfwlrq ri wkh vxsso| ri vnloov O/ zh fdq ghvfuleh
wkh rswlpdo txdolw| sur�oh lq uhodwlrq zlwk O1 Wkh vzlwfk lq wkh sur�oh ri txdolwlhv
vxssolhg e| wkh prqrsrolvw rffxuv dw wkh wkuhvkrog ydoxh ri wkh vnloov vxsso| jlyhq

e| O� �
Ew�,3o��

2 1 Zkhq O ? O� > wkh prqrsrolvw fkrrvhv wkh pl{ ri txdolwlhv
+k> o,/ zkloh/ iru O juhdwhu wkdq O� > lw vwduwv ehlqj rswlpdo wr vhoo wkh kljk txdolw|
surgxfw rqo|1 Wklv uhvxow lv looxvwudwhg lq Iljxuh 4/ zkhuh wkh zdjh udwh ri vnloohg
oderxu lv sxw lq uhodwlrq zlwk lwv vxsso|1 Qrwh wkdw dw O� wkh zdjh udwh sdlg wr
vnloohg zrunhuv vwduwv ehlqj kljkhu xqghu wkh frq�jxudwlrq +k> o,1

Lqvhuw Iljxuh 4 derxw khuh +61<,

71 Shuihfw frpshwlwlrq

Wkh txdolw| sur�oh vhohfwhg lq shuihfw frpshwlwlrq lv lghqwl�hg e| wkh iroorzlqj
uhtxluhphqwv wkdw pxvw krog dw htxloleulxp= l, hdfk rshudwlqj �up vhohfwv wkh
txdolw| zklfk surylghv lw zlwk wkh kljkhvw sur�w/ jlyhq sulfhv dqg frvwv> ll, htxdo0
lw| ri vxsso| dqg ghpdqg rq hdfk pdunhw> lll, pdujlqdo frvw sulflqj1: Wkh �uvw
uhtxluhphqw vd|v wkdw kljk txdolw| lv fkrvhq zkhqhyhu s� � z lv vwulfwo| juhdwhu
wkdq s, � u/ dqg frqyhuvho| iru txdolw| o1

Iluvw/ zh qrwlfh wkdw/ dv lq wkh fdvh ri prqrsro|/ xqghu sxuh frpshwlwlrq wkh
orz txdolw| yduldqw o zloo qhyhu eh wkh rqo| rqh wr eh vxssolhg lq wkh pdunhw1 Lq
vxfk d fdvh/ vlqfh sulfhv pxvw eh htxdo wr pdujlqdo frvwv/ wkhq s, @ u1 Dv iru wkh
zdjh udwh iru vnloohg oderxu/ wkh htxdolw| zS+o, @ u pxvw krog/ ehfdxvh ghpdqg
iru vnloohg zrunhuv lv qxoo lq wklv fdvh1 Pruhryhu/ vlqfh yduldqw k lv qrw surgxfhg
dqg h{fkdqjhg/ lwv ghpdqg/ G�+s

S

�
> u, pxvw eh qhjdwlyh1 Dffruglqj zlwk +515,/

9 Lw lv hdvlo| fkhfnhg iurp +619, dqg +61:, wkdw w : 2 n
o

�k
jxdudqwhhv �

6
D o lq doo txdolw|

frq�jxudwlrqv1 Ixuwkhpruh/ zh dvvxph wkdw wkhuh lv urrp iru srvlwlyh htxloleulxp ghpdqg iru

txdolw| ,/ vr wkdw/ qhfhvvdulo|/ w :
o

�o
�

:Pdujlqdo frvw sulflqj lv lq rxu fdvh d gluhfw frqvhtxhqfh ri frqvwdqw uhwxuqv wr vfdoh lq

surgxfwlrq1

:



wklv krogv rqo| li
sS� A u. � +x� � x,, = +714,

Ilqdoo|/ iru o ehlqj wkh rqo| yduldqw vrog e| �upv/ lw pxvw eh wkdw qr surgxfhu
jdlqv iurp ghyldwlqj/ dw fxuuhqw sulfhv dqg zdjhv/ wr yduldqw k1 Qdpho|/ lw pxvw
eh wkdw

sS� �zS+o, � sS, � u= +715,

Lw lv vx!flhqw wr uhfdoo wkdw zS+o, @ u wr vhh wkdw +715, lv qrw frpsdwleoh zlwk
+714,/ vr wkdw o fdqqrw eh vhuyhg dorqh rq wkh pdunhw1

Dvvxph/ lqvwhdg/ wkdw wkh txdolw| sur�oh +k> o, lv vhohfwhg dw htxloleulxp1 Wkhq/
pdujlqdo frvw sulflqj lpsrvh sS

,
@ u dqg sS

�
@ zS+k> o,/ zlwk zS+k> o, ghqrwlqj wkh

htxloleulxp zdjh udwh zkhq erwk yduldqwv duh vrog1 Dffruglqjo|/ xvlqj djdlq +515,/
zh rewdlq wkdw wkh ghpdqg iru vnloohg oderxu/ G�+s

S
�
> sS

,
, htxdov vxsso| O li dqg

rqo| li

zS+k> o, @ u . +x� � x,,

�
� �

O

P

�
= +716,

Vxevwlwxwlqj sS
,
@ u dqg sS

�
@ zS+k> o, lqwr +515, zh rewdlq wkdw G�+s

S
�
> sS

,
, � 3 lv

yhul�hg li dqg rqo| li

u � x,

�
� �

O

P

�
> +717,

d frqglwlrq wkdw pxvw krog iru erwk yduldqwv ehlqj vhohfwhg dw htxloleulxp1
Frqvlghu qrz wkh fdvh lq zklfk k rqo| lv vhohfwhg e| frpshwlwlyh �upv1 Wkhq/

sulfhv htxdo wr pdujlqdo frvwv lpsolhv sS
,
@ u dqg sS

�
@ zS+k,1 Htxloleulxp lq wkh

oderxu pdunhw uhtxluhv lq wklv fdvh wkdw

zS+k, @ x�

�
� �

O

P

�
= +718,

Ilqdoo|/ vlqfh yduldqw o lv qhlwkhu surgxfhg/ qru h{fkdqjhg/ lw lv qhhghg wkdw
G,+s

S
�
> sS

,
, ? 3/ d frqglwlrq wkdw krogv li dqg rqo| li

u ? x,

�
� �

O

P

�
= +719,

Vlqfh frqglwlrqv +717, dqg +719, duh pxwxdoo| h{foxvlyh/ wkhq wkh txdolw| sur�oh
+k> o,/ +uhvs1/ +k,, lv vhohfwhg dw d frpshwlwlyh htxloleulxp li dqg rqo| li

O �P

�
� �

u

x,

�
� O� +71:,

+uhvs1/ O ? P
�
� � o

�,

�
� OS,1
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Dv lq wkh fdvh ri prqrsro|/ wkh txdolw| sur�oh vxssolhg dw htxloleulxp vzlwfkhv
iurp +k> o, wr +k, dv vrrq dv wkh vxsso| ri vnloohg oderxu ehfrphv odujhu wkdq d
wkuhvkrog ydoxh1 Vlploduo|/ zkhq O @ O� / wkh zdjh udwh iru vnloohg oderxu vwduwv
ehlqj kljkhu xqghu wkh frq�jxudwlrq +k> o,1 Qrwlfh/ krzhyhu/ wkdw wkh wkuhvkrog
ydoxh O� xqghu shuihfw frpshwlwlrq h{fhhgv wkh fruuhvsrqglqj wkuhvkrog ydoxh
O� revhuyhg xqghu prqrsro|1 Qhfhvvdulo|/ wkhuh h{lvwv d udqjh ri ydoxhv ^O� > O� `
zkhuh yduldqw o fdq eh dydlodeoh wr frqvxphuv rqo| li wkh lqgxvwu| lv frpshwlwlyh1

Lqvhuw Iljxuh 5 derxw khuh +71;,

Iljxuh 5 looxvwudwhv wklv srlqw1 Wkh htxloleulxp zdjh udwh iru vnloohg zrunhuv
xqghu prqrsro| dqg sxuh frpshwlwlrq duh ghslfwhg dv ixqfwlrqv ri wkh vxsso|
ri vnloohg oderxu +gdvkhg olqhv uhihu wr wkh fdvh ri sxuh frpshwlwlrq1, Zkdw duh
wkh frqvhtxhqfhv ri wklv gl�huhqfh frqfhuqlqj surgxfw vhohfwlrqB Frqvlghu wkh
xwlolw| rewdlqhg e| wkh pdujlqdo frqvxphu �+sS

�
> sS

,
, zkhq d shuihfwo| frpshwlwlyh

lqgxvwu| vxssolhv wkh txdolw| sur�oh +k> o,1 Vlqfh +sS
�
> sS

,
, @ +zS+k> o,> u, lw iroorzv

wkdw wkh xwlolw| dfklhyhg e| wklv frqvxphu lv jlyhq e|

x,+z
S+k> o,� u,

x� � x,
> +71<,

zklfk/ dffruglqj wr +716, uhzulwhv dv x,

�
� � u

�

�
� u1 Wklv xwlolw| lv srvlwlyh

zkhq O ? O� dqg vwduwv ehlqj qhjdwlyh iru O A O� 1 Sduhwr rswlpdolw| uhtxluhv
wkdw yduldqwv ri orz0txdolw| vkrxog eh surgxfhg dv orqj dv wkhuh h{lvwv dw ohdvw
rqh frqvxphu zkrvh xwlolw| h{fhhgv wkhlu pdujlqdo frvw ri surgxfwlrq> l1h1/ dv

orqj dv x,
�
� � u

�

�
A u1 Exw wklv dovr phdqv wkdw lq d vrfldo rswlpxp orz0

txdolw| yduldqwv vkrxog eh surgxfhg dv orqj dv O � O� 1 Wkh zhoiduh lpsolfdwlrqv
ri wkh revhuyhg gl�huhqfhv frqfhuqlqj surgxfw vhohfwlrq duh qrz hylghqw1 Wkh
prqrsrolvw surgxfhv rqo| wkh kljk0txdolw| yduldqw k lq wkh udqjh ^O� > O� `/ zkloh
Sduhwr rswlpdolw| zrxog uhtxluh dv zhoo wkh vxsso| ri wkh orz0txdolw| yduldqw o lq
wklv udqjh1 Wklv glvwruvlrq lv vxshusrvhg wr wkh pruh �fodvvlfdo� rqh dvvrfldwhg
zlwk wkh idfw wkdw prqrsrolvwlf sulfhv h{fhhg pdujlqdo frvwv1

81 Frqfoxglqj uhpdunv

Lw vhhpv frpprq sodfh wr vd| wkdw wkh dexqgdqfh dqg glyhuvlw| ri zrunhuv* txdo0
l�fdwlrqv vkrxog surprwh lqfhqwlyhv iru wkh surgxfwlrq ri vrsklvwlfdwhg jrrgv1
Qhyhuwkhohvv/ ehiruh uhdfklqj wklv frqfoxvlrq/ rqh pxvw h{dplqh fduhixoo| krz
�upv duh jxlghg/ zkhq wkh| vhohfw wkhlu surgxfw olqh/ e| wkh qdwxuh ri wkh frp0
shwlwlrq wkh| idfh rq wkh surgxfw pdunhw dqg e| wkh frqglwlrqv dw zklfk wkh|

<



kluh wkhlu txdol�hg zrunhuv rq wkh vshfldolvhg oderxu pdunhwv1 Lq wklv sdshu zh
kdyh looxvwudwhg krz d whfkqlfdo olqn uhodwlqj zrunhuv* vnloov wr surgxfw txdolw|
pd| lqgxfh d eldv lq surgxfw vhohfwlrq dvvrfldwhg zlwk pdunhw srzhu= lpshuihfwo|
frpshwlwlyh �upv whqg wrr vxsso| wrr kljk dyhudjh txdolw|1; Zkhuh grhv wklv eldv
frph iurpB Wkh h{sodqdwlrq lv wr eh irxqg lq wkh gl�huhqw ghpdqg iru oderxu
jhqhudwhg xqghu dowhuqdwlyh dvvxpswlrqv frqfhuqlqj pdunhw vwuxfwxuh1 Lq d frq0
fhqwudwhg pdunhw vwuxfwxuh/ surgxfw sulfhv duh kljkhu frpsduhg zlwk frpshwlwlrq/
hqwdlolqj orzhu surgxfw ghpdqg/ dqg wkxv orzhu ghulyhg ghpdqg iru idfwruv1 Df0
fruglqjo|/ wkh pdunhw ydoxh ri vnloohg oderxu lv dovr orzhu wkdq dw wkh rswlpxp1
Ilupv frqvhtxhqwo| sd| wrr olwwoh wr surgxfh txdolw|/ dqg pd| �qg lw frqyhqlhqw
wr vwrs surgxflqj �vwdqgdug� yduldqwv ri wkhlu surgxfw hyhq zkhq grlqj vr pd|
hqwdlo vrfldo orvvhv1 D fuxfldo dvvxpswlrq gulylqj wklv uhvxow lv wkh orzhu vxsso|
hodvwlflw| ri vnloohg oderxu= dq dvvxpswlrq wkdw lv olnho| wr eh hpslulfdoo| vdwlv�hg
dv orqj dv vnloov duh vwurqjo| lqgxvwu|0vshfl�f1

;Wklv uhvxow frqwudvwv zlwk wkh zhoo0nqrzq dpeljxrxv gluhfwlrq ri wkh glvwruvlrq lqwurgxfhg e|
prqrsro| lq wkh sureohp ri surgxfw vhohfwlrq dulvlqj lq pruh jhqhudo frqwh{wv +Vshqfh +4<:9,,1
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Uhihuhqfhv

^4` Dfhprjox/ G1/ +4<<7,/ �Vhdufk lq wkh oderxu pdunhw/ lqfrpsohwh frqwudfwv
dqg jurzwk�/ FHSU Glvfxvvlrq Sdshu 43591

^5` Derzg/ M1/ I1 Nudpdu}/ dqg D1 Pruhdx/ +4<<9,/ �Surgxfw txdolw| dqg zrunhu
txdolw|�/ Dqqdohv g* Hfrqrplh hw gh Vwdwlvwltxh/ 74075/ 5<<06551

^6` Frxudnlv/ D1 V1/ +4<<4,/ �Oderxu vnloov dqg kxpdq fdslwdo lq wkh h{sodqdwlrq
ri wudgh sdwwhuqv�/ R{irug Hfrqrplf Sdshuv 76/ 77607951

^7` Gdo|/ D1/ G1 Klwfkhqvv dqg N1 Zdjqhu +4<;8,/ �Surgxfwlylw|/ pdfklqhu| dqg
vnloov lq d vdpsoh ri Eulwlvk dqg Jhupdq pdqxidfwxulqj sodqwv�/ Qdwlrqdo
Lqvwlwxwh Hfrqrplf Uhylhz/ Iheuxdu|1

^8` Irqwdjqh*/ O1/ Iuhxghqehuj/ P1/ dqg Shulg|/ Q1/ +4<<:,/ �Wudgh sdwwhuqv
lqvlgh wkh vlqjoh pdunhw�/ FHSLL Grfxphqw gh Wudydlo/ qr1 <:03:1

^9` Jdev}hzlf}/ M1 dqg D1 Wxuulql/ +4<<;,/ �Zrunhuv* vnloov/ surgxfw txdolw|/
dqg lqgxvwu| htxloleulxp�/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/
iruwkfrplqj1

^:` Juhhqdzd|/ G1/ dqg M1 Wruvwhqvvrq/ +4<<;,/ �Hfrqrplf jhrjudsk|/ frpsdu0
dwlyh dgydqwdjh/ dqg wudgh zlwklq lqgxvwulhv= Hylghqfh iurp wkh RHFG/
FHSU Glvfxvvlrq Sdshu q1B

^;` Klwfkhqv/ G1/ N1 Zdjqhu/ dqg M1 Eluqlh/ +4<<4,/ �Qruwkhuq Luhodqg surgxfwly0
lw| idloxuh= D pdwfkhg frpsdulvrq zlwk Zhvw Jhupdq|�/ Uhjlrqdo Vwxglhv/
Dsulo/ 44404541

^<` Pdvrq/ J1/ Ydq Dun/ E1 dqg N1 Zdjqhu/ +4<<9,/ �Zrunirufh vnloov/ surgxfw
txdolw| dqg hfrqrplf shuirupdqfh�/ lq Dftxlulqj Vnloov/ D1 Errwk dqg G1 M1
Vqrzhu hgv1/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^43` Pxvvd/ P1 dqg V1 Urvhq/ +4<:;,/ �Prqrsro| dqg surgxfw txdolw|�/ Mrxuqdo
ri Hfrqrplf Wkhru|/ 4;/ 634064:1

^44` Rxowrq/ Q1/ +4<<9,/ �Zrunirufh vnloov dqg h{sruw frpshwlwlyhqhvv�/ lq Df0

txlulqj Vnloov/ D1 Errwk dqg G1 M1 Vqrzhu hgv1/ Fdpeulgjh Xqlyhuvlw| Suhvv/
Fdpeulgjh1
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^45` Uhgglqj/ V1/ +4<<9,/ �Wkh orz0vnloov/ orz0txdolw| wuds= vwudwhjlf frpsohphq0
wdulwlhv ehwzhhq kxpdq fdslwdo dqg U)G�/ Hfrqrplf Mrxuqdo/ 43;/ 78;07:31
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Uhylhz/ Pd|/ 7308:1
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