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Fhqwuh iru Lqgxvwuldo Hfrqrplfv dqg

Ghsduwphqw ri Hfrqrplfv/ Frshqkdjhq Exvlqhvv Vfkrro/

Vroemhuj Sodgv 6/ GN05333 Iuhghulnvehuj/ Ghqpdun

�ksp1hfrCfev1gn,

��� ������� ��������

Fhqwuh iru Lqgxvwuldo Hfrqrplfv dqg

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ddukxv

GN0;333 Ddukxv F/ Ghqpdun

�sryhujddugChfrq1dx1gn,

��� ����

Devwudfw

Zh vxuyh| vrph ri wkh olwhudwxuh rq wkh h�hfwv ri lpsuryhg pdunhw wudqv0

sduhqf| rq frpshwlwlrq lq roljrsro|1 Jhqhudoo|/ lpsuryhg wudqvsduhqf| iurp
wkh shuvshfwlyh ri �upv pdnhv ghwhfwlrq ri ghyldwlrqv iurp wdflwo| frooxvlyh

djuhhphqwv hdvlhu/ wkxv idflolwdwlqj roljrsrolvwlf frruglqdwlrq1 Rq wkh rwkhu

kdqg/ lpsuryhg wudqvsduhqf| iurp wkh shuvshfwlyh ri frqvxphuv/ sduwlfx0
oduo| lq whupv ri hdvlhu frpsdudelolw| ri jrrgv fkdudfwhulvwlfv/ kdv dpeljxrxv

h�hfwv= Pruh hodvwlf ghpdqgv pdnh ghyldwlrqv iurp frooxvlyh sulfhv pruh

sur�wdeoh wr �upv lq wkh vkruw uxq/ exw wkh| dovr pdnh ixwxuh uhwdoldwlrq
e| ulydov pruh vhyhuh1 Zklfk ri wkhvh irufhv zloo grplqdwh lq d g|qdplf

roljrsro| frpshwlwlrq lv vkrzq wr ghshqg rq wkh pdunhwv0vshfl�fv1 Lq oljkw
ri wkh wkhruhwlfdo uhvxowv/ zh glvfxvv wkh olnho| h�hfwv rq lqwhu0�up frpsh0

wlwlrq ri lqirupdwlrq h{fkdqjh dqg rqolqh wudglqj lqvwlwxwlrqv dv zhoo dv wkh

Dphulfdq dqg Hxurshdq frpshwlwlrq srolf| dwwlwxgh wrzdugv pdunhw wudqv0
sduhqf|1

MHO= G4;/ G76/ O46/ O74

Nh|zrugv= pdunhw wudqvsduhqf|/ uhshdwhg roljrsro|/ vhfuhw sulfh0fxwwlqj/

fxvwrphu vzlwfklqj1

WZlwkrxw lpsolfdwlqj dq|rqh/ zh kdyh ehqh�wwhg iurp glvfxvvlrqv ri wklv dqg uhodwhg zrun

zlwk V1 Doeén/ P1 Kyllg/ V1 K|oohehuj/ O1 Odpehuwlql/ D1 Qlovvrq dqg F1 Vfkxow}1 Zh judwhixoo|

dfnqrzohgjh �qdqfldo vxssruw iurp wkh Qdwlrqdo Frqvxphu Djhqf| ri Ghqpdun1



�Lw lv d zlvh glvwulfw dwwruqh| zkr sodfhv wkh sulvrqhuv lq vhsdudwh

lqwhuurjdwlrq urrpv wr irphqw xqfhuwdlqw| dqg glvwuxvw1 Vlploduo|/

frrshudwlrq lv pxfk pruh olnho| wr hphujh lq roljrsro| sulflqj zkhq

ulydo pdqdjhuv nhhs rqh dqrwkhu lqiruphg ri wkhlu sodqv dqg dfwlylwlhv

+li qrw lq vprnh0�oohg urrpv/ wkhq wkurxjk wkh exvlqhvv suhvv, dqg

zkhq pdunhw wudqvdfwlrqv duh vx!flhqwo| vlpsoh dqg iuhtxhqw wr eh

prqlwruhg hdvlo|1� +Vfkhuhu ) Urvv/ 4<<3/ s1 548,
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Frqvxphu dgyrfdwhv/ +vrph, dqwlwuxvw sudfwlwlrqhuv dqg wkh jhqhudo sxeolf riwhq

krog wkdw wudqvsduhqf| ri pdunhwv lv dq xqtxdol�hg jrrg1 Wkh dgyhqw ri wkh

Lqwhuqhw dqg rqolqh wudglqj lqvwlwxwlrqv kdv eurxjkw wklv ylhz wr wkh iruh1 Krz0

hyhu/ lq wklv sdshu zh dujxh wkdw lpsuryhg pdunhw wudqvsduhqf| fdq kdyh vhyhudo

gl�huhqw lqwhusuhwdwlrqv/ dqg wkdw lw lv qrw dozd|v fohdu/ ru hyhq suredeoh/ wkdw lw

ehqh�wv frpshwlwlrq ru/ xowlpdwho|/ pdunhw h!flhqf|1

Wkh frqvxphu surwhfwlrq ylhz fdq eh sdudskudvhg urxjko| dv iroorzv1 Lp0

suryhg pdunhw wudqvsduhqf| hqdeohv frqvxphuv wr frpsduh vxevwlwxwh jrrgv ru

vhuylfhv dqg wkhlu sulfhv1 Frqvhtxhqwo|/ lw vkrxog pdnh frqvxphuv pruh vhqvlwlyh

wr shufhlyhg gl�huhqfhv lq wkh pl{ ri sulfh dqg fkdudfwhulvwlfv dqg/ wkxv/ lqwhqvli|

frpshwlwlrq ehwzhhq ulydo vxssolhuv1 Dv d frqwudvw/ lq d qrq0wudqvsduhqw pdunhw/

ulydov fdq iuhh0ulgh rq frqvxphu ljqrudqfh/ fuhdwh duwl�fldo orfn0lq/ dqg vwl"h

sulfh frpshwlwlrq1

Lq iudjphqwhg vhdufk pdunhwv/ lpsuryhg wudqvsduhqf| lv olnho| wr kdyh srvl0

wlyh h�hfwv= Li rqo| frqvxphu vhdufk frvwv frxog eh eurxjkw grzq/ pdunhwv zrxog

ixqfwlrq pruh h!flhqwo|1 Khqfh/ li lpsuryhg pdunhw wudqvsduhqf| lv v|qrq|prxv

zlwk ghfuhdvhg frqvxphu vhdufk frvwv/ wkhq wkh frqvxphu surwhfwlrq ylhz lv iru0

pdol}hg lq wkh h{lvwlqj olwhudwxuh1 Krzhyhu/ rxu irfxv khuh lv rq roljrsrolvwlf

pdunhwv lq zklfk wkh vfrsh iru wdflw frooxvlrq dovr ydulhv zlwk wkh lqirupdwlrq

dydlodeoh wr frqvxphuv dqg surgxfhuv1 Wklv g|qdplf shuvshfwlyh lv qrw uhdglo|

fdswxuhg e| wkh h{lvwlqj olwhudwxuh rq vhdufk pdunhwv/ dqg lw lv fhuwdlqo| qrw fds0

wxuhg e| wkh frqvxphu surwhfwlrq ylhz dv rxwolqhg deryh1 Lqghhg/ lw vhhpv kdug

wr lpsuryh lqirupdwlrq wr srwhqwldo fxvwrphuv zlwkrxw dw wkh vdph wlph d�hfwlqj

wkh lqirupdwlrq dqg2ru vwudwhjlf lqfhqwlyhv ri �upv frpshwlqj iru wkrvh vdph

fxvwrphuv1 Zh dujxh wkdw surgxfhuv lq roljrsrolvwlf pdunhwv frxog ehqh�w iurp

lpsuryhg pdunhw wudqvsduhqf| lq dw ohdvw wzr zd|v= gluhfwo| ru lqgluhfwo|1

Gluhfw ehqh�wv wr roljrsrolvwv iurp lpsuryhg lqirupdwlrq dulvh iurp wkh hdvlhu

dqg2ru vshhglhu ghwhfwlrq ri ghyldwlrqv iurp d wdflwo| frooxvlyh djuhhphqw1 Wklv/

ri frxuvh/ lv sduw ri wkh �ironoruh� ri Lqgxvwuldo Rujdql}dwlrq1 Wkh vhplqdo sdshu
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e| Vwljohu +4<97, glvfxvvhv wkh h�hfwv ri vhfuhw sulfh0fxwwlqj/ ghwhfwlrq odjv/ dqg

oxps| rughuv rq wkh vfrsh iru roljrsrolvwlf frruglqdwlrq1 Pruh uhfhqwo|/ Hoolvrq

+4<<7, kdv vwxglhg wkh h�hfwv ri vhfuhw sulfh fxwwlqj lq d idprxv 4<wk fhqwxu|

udlourdg �fduwho�14 Wkhvh gluhfw h�hfwv kdyh lpphgldwh lpsolfdwlrqv iru wkh sxeolf

srolf| uhvsrqvh wr lqirupdwlrq h{fkdqjh ehwzhhq �upv/ ulydov jhwwlqj wrjhwkhu dw

wudgh frqyhqwlrqv/ dqg wkh dfwlylwlwlhv ri wudgh dvvrfldwlrqv/ hwf1 Lq wkh djh ri

wkh Lqwhuqhw/ wkh dfwlylwlhv ri frqfhuq pljkw rffxu lq dq lqgxvwu|0vsrqvruhg �fkdw

urrp�1

Lqgluhfw ehqh�wv wr roljrsrolvwv iurp lpsuryhg lqirupdwlrq dffuxh iurp wkh

srvvlelolw| ri pdnlqj sxqlvkphqwv iroorzlqj d ghyldwlrq iurp frooxvlyh djuhhphqwv

pruh vhyhuh vlqfh frqvxphuv ehfrph pruh vhqvlwlyh wr shufhlyhg gl�huhqfhv lq wkh

pl{ ri sulfh dqg fkdudfwhulvwlfv dfurvv surgxfwv1 Wklv djjudydwhv wkh frqvhtxhqfhv

ri wuljjhulqj d sulfh zdu dqg/ khqfh/ pljkw ghwhu wkh ghyldwlrq lq wkh �uvw sodfh1

Iru h{srvlwlrqdo uhdvrqv/ zh �qg lw xvhixo ehorz wr glvwlqjxlvk ehwzhhq sulfh

wudqvsduhqf| dqg fkdudfwhulvwlfv wudqvsduhqf| dqg glvfxvv wkhvh vhsdudwho| +exw

zlwklq wkh vdph ryhudoo prgho,1 Lq wkh devwudfw/ lpsuryhg sulfh wudqvsduhqf|

lpsolhv wkdw sulfhv duh uhdglo| revhuyhg dqg zlwk rqo| d vkruw ghod|1 Lpsuryhg

fkdudfwhulvwlfv wudqvsduhqf| phdqv wkdw frqvxphuv fdq pruh hdvlo| frpsduh vxe0

vwlwxwhv zlwk gl�huhqw fkdudfwhulvwlfv1 Pdnlqj d pdunhw pruh wudqvsduhqw zloo

wkxv eh wdnhq wr phdq wkdw lqirupdwlrq wr pdunhw sduwlflsdqwv lpsuryhv dorqj dw

ohdvw rqh ri wkhvh wzr glphqvlrqv1

Lq wkh qh{w vhfwlrq zh rxwolqh d idploldu prgho ri g|qdplf roljrsro| frpsh0

wlwlrq zklfk pd| eh xvhg wr vwxg| krz wkh wzr w|shv ri pdunhw wudqvsduhqf| �

lpsuryhg sulfh lqirupdwlrq yv1 lpsuryhg lqirupdwlrq rq surgxfw fkdudfwhulvwlfv �

d�hfw wkh vfrsh iru wdflw frooxvlrq lq d ixoo| vshfl�hg jdph1 Vhfwlrq 6 vshfl�fdoo|

vwxglhv wkh h�hfwv ri lpsuryhg sulfh wudqvsduhqf| irfxvlqj rq lwv gluhfw h�hfw/

zkloh Vhfwlrq 7 dqdo|vhv wkh h�hfwv ri lpsuryhg lqirupdwlrq  rzv rq wkh frq0

vxphu vlgh dqg wkh lqgluhfw h�hfw rq �upv dooxghg wr deryh1 Lq wkh odwwhu vhfwlrq/

zh dvvxph wkdw �upv duh ixoo| lqiruphg lq wkh vhqvh wkdw wkh| revhuyh hdfk rwkhuv

sulfhv shuihfwo| dw wkh hqg ri hdfk shulrg1 Wkxv zkhq zh irupdoo| dqdo|vh wkh

gluhfw h�hfw/ zh ljqruh wkh lqgluhfw h�hfw dqg ylfh yhuvd1 Dq dwwhpsw lv pdgh wr

sxoo wkh wzr h�hfwv wrjhwkhu lq Vhfwlrq 8/ zkhuh zh frpphqw rq vrph sudfwlfdo

srolf| frqfhuqv wkdw dulvh iurp wkh lqwhusod| ehwzhhq pdunhw wudqvsduhqf| dqg

frpshwlwlrq1 Zh gr wklv zlwk sduwlfxodu uhihuhqfh wr rqolqh wudglqj lqvwlwxwlrqv

dqg lqirupdwlrq h{fkdqjh1 Vhfwlrq 9 frqwdlqv d ihz frqfoxglqj uhpdunv1

4Iru wh{werrn wuhdwphqwv/ vhh Wluroh +4<;;/ fk1 9,/ Vfkhuhu dqg Urvv +4<<3/ fk1 :0;,/ dqg

Fduowrq dqg Shuor� +4<<7/ fk1 90:,1
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Lq wklv vhfwlrq zh vhw xs d prgho zklfk lv odujho| d uhlqwhusuhwdwlrq ri d zhoo0

nqrzq dqg shuihfwo| vwdqgdug prgho iurp wkh roljrsro| olwhudwxuh zklfk lv xvhixo

wr looxvwudwh wkh h�hfwv ri wkh wzr w|shv ri wudqvsduhqf| dooxghg wr deryh1

Wr idflolwdwh wkh h{srvlwlrq/ wkh irupdo dqdo|vlv lv odujho| uhvwulfwhg wr wkh

gxrsro| fdvh/ zkloh zh frpphqw rq wkh jhqhudo fdvh zlwk q �upv rqo| lq sdvvlqj1

5141 Prgho rxwolqh

Iroorzlqj wkh h{srvlwlrq lq Pûoojddug dqg Ryhujddug +5334,/ ohw lqgluhfw ghpdqgv

eh ri wkh irup

s� @ 4�
4

4 . *
t� �

*

4 . *
t� l> m @ 4> 5> l 9@ m

Wklv lv mxvw d vshfldol}hg rqh0sdudphwhu yhuvlrq ri wkh idploldu vhw0xs vxjjhvwhg

e| Vshqfh +4<:9d,/ dqg ixuwkhu vwxglhg e| Vlqjk dqg Ylyhv +4<;7, dqg Ylyhv

+4<;8,/5

s� @ �� �t� � �t� l> m @ 4> 5> l 9@ m +514,

zlwk � @ 4> � @
�

�n)
/ dqg � @ *�/ zkhuh * 5 ^3> 4,1 Qrwh krz wklv lpsolhv wkdw

� . � @ 41 Wklv sduwlfxodu vshfldol}dwlrq lpsolhv wkdw frqvxphuv glvsod| qhlwkhu
suhihuhqfh qru glv0suhihuhqfh iru ydulhw|1 Wklv lv wr pdnh vxuh wkdw wkh frqvxphu
dwwlwxgh wr surgxfw ydulhw| zloo qrw  dyrxu wkh srwhqwldo rxwfrphv ri wkh roljrsro|
frpshwlwlrq/ vlqfh zh zdqw wr irfxv h{foxvlyho| rq wkh ydulrxv qrwlrqv ri pdunhw
wudqvsduhqf|1 Ri frxuvh/ wkh irup ri lqgluhfw ghpdqgv glvsod|hg deryh uhtxluhv
wkdw wkh qrq0qhjdwlylw| frqvwudlqwv rq lqglylgxdo �up txdqwlwlhv duh qrw elqglqj1
Krzhyhu/ wkhvh qrq0qhjdwlylw| frqvwudlqwv sod| dq lpsruwdqw uroh zkhq ghyldwlrqv
iurp wdflwo| frooxvlyh sod| dqg wkh srvvleoh sxqlvkphqw vwudwhjlhv duh frqvlghuhg
ehorz1 E| lqyhuwlqj wkh ghpdqg v|vwhp deryh/ zh fdq zulwh wkh gluhfw ghpdqgv
dv6

t� @ 4�
4

4� *
s� .

*

4� *
s� l> m @ 4> 5 +515,

5Vhh dovr Vshqfh +4<:9e,1 Yduldwlrqv rq wklv edvlf vhw0xs kdyh eh xvhg e| qxphurxv dxwkruv

wr vwxg| d udqjh ri wrslfv lq roljrsro| wkhru|/ vhh h1j1 Gl{lw +4<:<,/ Iulhgpdq +4<;6,/ Wluroh

+4<;;/ fk1 <,/ Doeén +4<<3,/ Pduwlq +4<<6/ fk1 5, dqg Fduowrq dqg Shuor� +4<<7/ fk1 ;,1 Iru

vwxglhv ri uhshdwhg/ gl�huhqwldwhg roljrsro| zklfk uho| rq wklv prghoolqj/ vhh Ghqhfnhuh +4<;6/

4<;7,/ Odpehuwlql +4<<:,/ Doeén dqg Odpehuwlql +4<<;,/ Odpehuwlql dqg Vfkxow} +4<<<, dqg

Odpehuwlql dqg Vdvdnl +4<<<,1
6Zkhq lq wkh iroorzlqj �upv duh lqgh{hg � dqg �/ lw lv dozd|v xqghuvwrrg wkdw � �' �1
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Dowhuqdwlyho|/ zh fdq zulwh wklv dv

t� @ 4� s� �
*

4� *
+s� � s�,

Wkh wrwdo lqgxvwu| ghpdqg dv d ixqfwlrq ri wkh sulfhv lv

T+s�> s2, @ 5� s� � s2 +516,

zklfk/ dv d gluhfw frqvhtxhqfh ri wkh frqvxphu lqgl�huhqfh wrzdugv surgxfw yd0
ulhw|/ lv lqghshqghqw ri *1 Wkdw lv/ iru d �{hg sulfh yhfwru/ +s�> s2,/ wkh wrwdo
ghpdqg iru wkh wzr jrrgv lv lqghshqghqw ri *1

Ehiruh frqwlqxlqj/ zh qrwh d frxsoh ri ihdwxuhv ri ghpdqg/ zklfk zloo sod| d
uroh lq wkh dqdo|vlv ehorz1 Iluvw/ li * @ 3/ wkhq wkh ghpdqg iru jrrg l uhgxfhv
wr t� @ 4� s�/ zklfk lv lqghshqghqw ri s� 1 Dovr/ dv *$ 4/ wkh ghpdqgv ehfrph
�lq�qlwho| vhqvlwlyh� wr sulfh gl�huhqfhv +l1h1/ wkh vwdqgdug Ehuwudqg0olplw,1

Forvlqj wkh uhpdlqlqj orvh hqgv/ zh dvvxph wkdw wkh �upv vhw sulfhv vlpxo0
wdqhrxvo| lq hdfk shulrg/ wkdw lv/ lq hdfk urxqg ri d uhshdwhg jdph1 Ixuwkhu/
zh devwudfw iurp surgxfwlrq frvwv/ ru/ htxlydohqwo|/ dvvxph wkdw �upv kdyh FUV
whfkqrorjlhv zlwk xqlw frvwv vxevxphg lq � @ 41 Khqfh/ lq wkh uhpdlqghu/ wkh
sulfhv duh wr eh lqwhusuhwhg dv qhw ri wkh xqlw frvwv1 Lq wkh irupdo dqdo|vlv/ zh

doorz sulfhv lq d sduwlfxodu shulrg wr eh qhjdwlyh/ zklfk mxvw lpsolhv wkdw wkh|

fdq eh ehorz frvw1
7
Wkh txdqwlw| surgxfhg ru vrog e| hdfk �up/ ri frxuvh/ pxvw

eh qrq0qhjdwlyh lq hyhu| shulrg1

5151 Vwdwlf htxloleulxp

E| vwdwlf htxloleulxp lv vlpso| phdqw wkh rxwfrph ri wkh pdunhw frpshwlwlrq

ehwzhhq wkh �upv/ li wkh pdunhw lv rqo| rshq d vlqjoh shulrg2lqvwdqw1 Ilupv duh

dvvxphg wr vhw sulfhv vlpxowdqhrxvo|/ dqg zh orrn iru d Qdvk Htxloleulxp ri wkh

rqh0vkrw jdph1

Ljqrulqj +prphqwdulo|, wkh qrq0qhjdwlylw| frqvwudlqwv rq lqglylgxdo txdqwl0

wlhv/ wkh sd|r�v ri �up l lq d urxqg ri sod| dv d ixqfwlrq ri wkh wzr sulfhv dqg

wkh sdudphwhu * duh jlyhq dv

��+s�> s�> *, @ s�+4�
4

4� *
s� .

*

4� *
s�, +517,

7Ehorz lw lv ghwdlohg krz wklv sod|v d uroh zkhq �upv sxqlvk hdfk rwkhu iroorzlqj d ghyldwlrq1

Lq dfwxdo olih/ wkhuh pd|/ ri frxuvh eh d orzhu erxqg rq sulfhv/ exw zh vkdoo vlpso| dvvxph iurp

qrz rq wkdw wklv qhyhu elqgv1
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Wkxv/ wkh ehvw uhvsrqvh ri �up l wr wkh sulfh vhw e| wkh ulydo/ s�/ iru d jlyhq ydoxh

ri wkh sdudphwhu */ lv

EU�+s�, @
4� *

5
.
*

5
s� +518,

Lw iroorzv wkdw wkh htxloleulxp sulfhv ri wkh rqh0vkrw/ sulfh0vhwwlqj jdph duh

+s�> s2, @ +s�� > s
�
2 ,/ zkhuh

s�� @ s�2 @ s� @
4� *

5� *
+519,

Zh revhuyh wkh iroorzlqj ihdwxuhv ri wkh htxloleulxp vwudwhjlhv= s� $ 3 dv *$ 4
dqg s� $ �

2
dv *$ 31 Wkxv/ dv * $ 4/ wkh wzr surgxfwv dssurdfk wkh olplw ri

shuihfw vxevwlwxwdelolw| lq frqvxpswlrq/ dqg wkh sulfhv fruuhvsrqglqjo| dssurdfk

wkh vwdqgdug Ehuwudqg ru shuihfwo| frpshwlwlyh olplw +sulflqj dw pdujlqdo frvwv,1

Dovr/ dv *$ 3/ wkh wzr jrrgv fhdvh wr eh vxevwlwxwdeoh lq frqvxpswlrq/ dqg wkh

sulfhv dssurdfk wkh prqrsro| olplw +wklqn ri wklv dv h1j1 wzr �orfdo prqrsrolhv�1

Wkh vwdwlf htxloleulxp sur�wv duh

��� @ ��2 @ �� +*, @
4� *

+5� *,2
+51:,

zkhuh
YZ� E)�

Y)
? 3/ �� +*,$ 3 dv *$ 4 dqg �� +*,$ �

e
dv *$ 31

5161 G|qdplf lqwhudfwlrq dqg wdflw frooxvlrq

Zh qrz frqvlghu dq lq�qlwho| uhshdwhg yhuvlrq ri wkh edvlf rqh0vkrw jdph dqdo0

|vhg deryh1 E| wklv lv phdqw wkdw wkh wzr �upv sod| wkh edvlf jdph ryhu dqg

ryhu djdlq zlwk qr iruhvhhdeoh whuplqdo gdwh1 Ilup duh dvvxphg wr glvfrxqw ixwxuh

sd|r�v lq wkh xvxdo idvklrq/ dqg zh dvvxph wkdw �upv kdyh d frpprq glvfrxqw

idfwru � 5 +3> 4,1 Lqlwldoo|/ zh frqvlghu dq lq�qlwho| uhshdwhg jdph zlwk +doprvw,

shuihfw lqirupdwlrq/ zklfk phdqv wkdw sulfhv ehfrph frpprq nqrzohgjh dw wkh

hqg ri wkh shulrg lq zklfk wkh| duh vhw1 Exw/ ehiruh vwxg|lqj wklv jdph/ zh rxw0

olqh krz frooxglqj �upv wkdw vhw wkhlu sulfhv mrlqwo| zrxog ehkdyh lq wkh rqh0vkrw

jdph/ dqg krz dq lqglylgxdo �up zrxog uhvsrqg lq d rqh0shulrg vhwwlqj wr d �up

wkdw xqlodwhudoo| vhwv lwv frooxvlyh sulfh1

516141 Shuihfw frooxvlrq

Wzr frooxglqj �upv zrxog vhw wkhlu sulfhv mrlqwo| wr vroyh

pd{
R�cR2

i��+s�> s2> *, . �2+s2> s�> *,j +51;,

9



Khqfh/ wkh frooxvlyh sulfh yhfwru/ +s�� > s
�
2 ,/ vroyhv

s� @
4� *

5
. *s� l> m @ 4> 5 +51<,

AIurp wklv/ zh lpphgldwho| rewdlq

s
�
� @ s

�
2 @ s

� @
4

5
+5143,

Wkxv/ wkh frooxvlyh sulfh0yhfwru lv lqghshqghqw ri *1 Vlqfh frqvxphuv glvsod|
qr suhihuhqfh iru ydulhw|/ lw iroorzv wkdw qhlwkhu wkh frooxvlyh txdqwlwlhv qru wkh
frooxvlyh sd|r�v ghshqg rq */ dqg zh kdyh +��� > �

�
2 , @ +�e >

�
e,1

516151 Ehvw ghyldwlrq

Vxssrvh wkdw d �up h{shfwv wkh rwkhu �up wr vhw wkh frooxvlyh sulfh ghulyhg deryh1
Zkdw duh wkh lqfhqwlyhv ri wklv �up/ dqg krz gr wkh| uhodwh wr wkh ydoxh ri wkh
sdudphwhu *B Vshfl�fdoo|/ zh orrn dw wkh lqfhqwlyhv ri �up 4 zkhq lw h{shfwv
�up 5 wr vhw wkh sulfh s2 @ �

2
1 Wkxv/ zh frqvlghu wkh ehvw uhvsrqvh ri �up 4 wr

s2 @ �
2
1

Zh kdyh douhdg| uhihuuhg wr wkh ehvw uhvsrqvh ri dq lqglylgxdo �up wr wkh
sod| ri lwv ulydo frpshwlwru lq +518,1 Wklv zdv suhglfdwhg rq erwk �upv ehlqj
dfwlyh dw wkh uhvxowlqj rxwfrph +l1h1/ vxsso|lqj vwulfwo| srvlwlyh txdqwlwlhv wr wkh
pdunhw,1 Krzhyhu/ lw pljkw eh rswlpdo iru �up 4 wr vhw d sulfh zklfk uhqghuv
�up 5 lqdfwlyh jlyhq wkdw s2 @ �

2
1 Wklv lv fhuwdlqo| wkh fdvh zkhq * @ 4/ zklfk lv

mxvw wkh vwdqgdug Ehuwudqg0olplw= �up 4 kdv dq lqfhqwlyh xqghufxw �up 5*v sulfh
�voljkwo|�/ rewdlq doo ghpdqg/ dqg uhqghu �up 5 lqdfwlyh1 Txlwh jhqhudoo|/ wkhuh
zloo eh nlqnv lq �up 4*v uhvlgxdo ghpdqg dv d ixqfwlrq ri s� jlyhq s2/ dqg wklv
zloo eh uh hfwhg lq lwv ehvw uhvsrqvh1 Iru d ghwdlohg glvfxvvlrq/ vhh h1j1 Ghqhfnhuh
+4<;6/ 4<;7, dqg Odpehuwlql dqg Doeén +4<<;,1

Wkh ghpdqgv lq +515, duh suhglfdwhg rq t� A 3/ l @ 4> 51 Lq frqwudvw/ �up 4*v
ghpdqg jlyhq t2 @ 3 lv rewdlqhg iurp s� @ 4� �

�n)t�
dv

t� @ +4 . *,+4� s�, +5144,

Wklv lv wkh ghpdqg idflqj �up 4/ li t2 @ 4� �
�3)s2 .

)
�3)s� � 3/ wkdw lv/ li

s� � s2 �
4� *

*
+4� s2, +5145,

Rq wkh rwkhu kdqg/ jlyhq s2/ t� gursv wr }hur li t� @ 4� �
�3)

s�.
)

�3)
s2 � 3> wkdw

lv/ li
s� � s2 . +4� *,+4� s2, +5146,

:



Lq vxppdu|/ wkh ghpdqg idflqj �up 4 dv d ixqfwlrq ri s� jlyhq s2 @ �
2
/ lv

t� @

;A?
A=

3 li s� �
�
2
. �3)

2

4� �
�3)

s� .
)

2E�3)�
li

�
2
. �3)

2
� s� �

�
2
� �3)

2)

+4 . *,+4� s�, li
�
2
� �3)

2)
� s�

+5147,

Xvlqj wklv wr gh�qh wkh sd|r� ixqfwlrq ri �up 4/ lw lv lpphgldwho| fohdu wkdw
s� A

�
2 . �3)

2
frxog qhyhu eh d ehvw uhvsrqvh/ vlqfh sulflqj rqhvhoi rxw ri wkh

pdunhw lv vwulfwo| grplqdwhg e| vrph orzhu sulfh1 Vr/ zkdw uhpdlqv lv wr frpsduh
rswlpd rq ^3> �

2
� �3)

2)
` dqg ^�

2
� �3)

2)
>
�
2
. �3)

2
`1 Ohw s( ghqrwh wkh ehvw uhvsrqvh wr

+�wkh ehvw ghyldwlrq iurp�, wkh frooxvlyh sulfh dqg gh�qh *
W � +6,

�

2 � 4 * 3=:61
Wkhq zh fdq vkrz wkdw �up 4*v ehvw uhvsrqvh wr s2 @ �

2
lv jlyhq dv +vhh Pûoojddug

) Ryhujddug +5334, ru vlpso| uhihu wr Ghqhfnhuh +4<;6/ 4<;7, dqg Doeén dqg
Odpehuwlql +4<<;,,

s
( @

� �
2 �

)
e li * � *

W

�
2 �

�3)
2) li * � *

W

+5148,

Zh qrwh wkh iroorzlqj ihdwxuhv ri wkh ehvw ghyldwlrq iurp frooxvlyh sod|= +4, s(

lv frqwlqxrxv lq */ +5, s( ?
�
2
/ ;* 5 +3> 4,/ +6, s( $ �

2
+wkh vwdqgdug Ehuwudqg0

olplw, iru * $ 4/ dqg s
( $ �

2
iru * $ 31 Lw iroorzv wkdw wkh ehvw ghyldwlrq lv

qrq0prqrwrqlf lq *1 Ilqdoo|/ wkh ehvw uhvsrqvh e| �up 4 wr s2 @ �
2
uhqghuv �up

5 lqdfwlyh li * lv vx!flhqwo| odujh +* � *
W,/ zkloh �up 5 uhpdlqv dfwlyh li * ? *

W1
Wkh dvvrfldwhg sd|r�v/ �(+*,/ zklfk zh vkdoo uhihu wr dv ghyldwlrq sd|r�v

ehorz/ duh

�
(+*, @

+
E23)�2

�SE�3)�
li * � *

W

E�n)�E2)3��

e)2
li * � *

W

+5149,

zkhuh �
(+*, $ �

2
iru *$ 4 dqg �

(+*, $ �
e
iru * $ 31 Ixuwkhupruh/ �(+*, lv

frqwlqxrxv lq */ dqg YZ(E)�
Y)

A 3/ ;* 9@ *W1 Lw iroorzv wkdw �(+*, lv prqrwrqlfdoo|

lqfuhdvlqj lq *1

516161 Wkh uhshdwhg jdph dqg wdflw frooxvlrq

Jhqhudolwlhv

Ohw xv eulh | devwudfw iurp wkh vshfl�f prgho rxwolqhg deryh vlqfh wkh pdlq

uhvxowv iru wkh uhshdwhg jdph fdq eh h{sodlqhg txlwh jhqhudoo| zlwkrxw uhfrxuvh wr

d ixoo| vshfl�hg vwdjh0jdph1 Frqvlghu d v|pphwulf sulfh0vhwwlqj roljrsro| zlwk q

�upv/ dqg ohw * 5 ^3> 4` eh vrph phdvxuh ri wkh vxevwlwxwdelolw| ri wkh surgxfwv lq

frqvxpswlrq1 Li * @ 3/ wkhq wkh surgxfwv duh qrq0vxevwxwxwdeoh lq frqvxpswlrq1

;



H�hfwlyho|/ wklv lv wkh fdvh ri q �orfdo prqrsrolhv�/ vlqfh wkh ghpdqg idflqj d

sduwlfxodu �up lv frpsohwho| xquhvsrqvlyh wr wkh sulfhv fkdujhg e| wkh rwkhu �upv1

Lq frqwudvw/ li * @ 4/ wkhq wkh surgxfwv duh vdlg wr eh shuihfw vxevwlwxwhv1 Lq wklv

fdvh fxvwrphuv duh �lq�qlwho| vhqvlwlyh� wr sulfh gl�huhqfhv dv lq wkh vwdqgdug

Ehuwudqg0prgho1 Vxssrvh wkdw iru d jlyhq */ wkh vwdjh0jdph kdv d xqltxh Qdvk

Htxloleulxp zlwk dvvrfldwhg sd|r�v ��� +*, @ ��2 +*, @ = = = @ ��? +*, @ �� +*,1 Dv

lq wkh vshfl�f h{dpsoh deryh/ �� +*, pljkw qdwxudoo| eh dvvxphg wr eh vwulfwo|

ghfuhdvlqj lq */ fdswxulqj wkdw vwdwlf sulfh frpshwlwlrq lqwhqvl�hv dv surgxfwv

ehfrph forvhu vxevwlwxwhv iurp wkh srlqw ri ylhz ri wkh frqvxphuv1 Li wkh �upv

zhuh wr frooxgh shuihfwo| lq wkhlu sulfh vhwwlqj/ wkhq sur�wv duh ��� +*, @ ��2 +*, @

= = = @ ��
?
+*, @ ��+*, A �� +*,/ ;* A 31 Dv lq wkh h{dpsoh/ zh frxog dvvxph

��+*, @ �� / l1h1 frooxvlyh sd|r�v duh lqghshqghqw ri vxevwlwxwdelolw|1 Ilqdoo|/

rq wkh dvvxpswlrq wkdw wkh ulydov doo sod| wkh frooxvlyh sulfh +dvvxphg xqltxh,/

wkhuh lv d ehvw uhvsrqvh +ghyldwlrq, ri dq lqglylgxdo �up jlylqj ulvh wr rqh0vkrw

sd|r�v ri �(+*,/ zkhuh �(+*, A �� / ;* A 31 Djdlq/ zh pljkw qdwxudoo| dvvxph

wkdw �(+*, lv vwulfwo| lqfuhdvlqj lq */ fdswxulqj wkdw wkh whpswdwlrq wr xqghufxw

d frooxvlyh djuhhphqw lv lqfuhdvlqj lq lq wkh vxevwlwxwdelolw| ri wkh surgxfwv lq

frqvxpswlrq1

Zlwk wklv qrwdwlrq/ dqg rq wkh dgglwlrqdo dvvxpswlrq wkdw wkh �upv duh uh0

vwulfwhg wr vlpsoh Qdvk wuljjhu0vwudwhjlhv lq wkh uhshdwhg jdph/ wkh pdlq srlqw

fdq eh vwdwhg dv iroorzv= Iroorzlqj d frooxvlyh sdwk jlyhv d �up glvfrxqwhg sd|r�v

ri

Y
� @

��

4� �

zkhuhdv ghyldwlqj jlyhv

Y
( @ �

(+*, .
��� +*,

4� �

Urxjko|/ wkh Qdvk wuljjhu0vwudwhjlhv suhvfuleh wkdw �upv vwduw rxw e| vhwwlqj wkh

frooxvlyh sulfh dqg frqwlqxh wr vhw wklv sulfh dv orqj dv doo �upv kdyh fkdujhg wkh

frooxvlyh sulfh lq wkh sdvw1 Li d vlqjoh �up hyhu vwud|v iurp wkh frooxvlyh sdwk/ doo

�upv fkdujh wkh vwdwlf htxloleulxp sulfh iurp wkhq rq qr pdwwhu zkdw +wkdw lv/

iurp wkh shulrg iroorzlqj d ghyldwlrq dqg iruhyhu diwhu,1 Iru frooxvlyh sulflqj lq

hyhu| shulrg wr eh vxvwdlqdeoh uhtxluhv

Y
� @

��

4� �
� �

(+*, .
��� +*,

4� �
@ Y

(

zklfk zh fdq pruh frqyhqlhqwo| zulwh dv

� � �+*, �
W +*,

W +*, .G+*,
+514:,

<



zkhuh G+*, � �� � �� +*,/ +G lv pqhprqlf iru �ghwhuuhqfh�,/ dqg W +*, �

�(+*,� �� +W lv pqhprqlf iru �whpswdwlrq�,1

Wr vxppdul}h wkh uhodwlrqvkls ehwzhhq wkh uhtxluhg glvfrxqw idfwru wr vxvwdlq

shuihfw frooxvlrq dqg wkh sdudphwhu */ zh fdq vwdwh wkdw

g�+*,

g*
W 3 lii

gW +*,@W +*,

g*@*
W gG+*,@G+*,

g*@*

Lq rwkhu zrugv/ wkh uhtxluhg glvfrxqw idfwru wr vxvwdlq ixoo frooxvlrq/ �+*,/ lv +or0

fdoo|, lqfuhdvlqj +ghfuhdvlqj, lq wkh phdvxuh ri vxevwlwxwdelolw|/ li wkh whpswdwlrq

wr fkhdw lv pruh +ohvv, vhqvlwlyh wr vxevwlwxwdelolw| wkdq wkh ghwhuuhqfh1

Vshfl�fv

Wr jhw vrph ixuwkhu lqvljkwv/ ohw xv uhwxuq wr rxu vshfl�f h{dpsoh1 Dv lq wkh

jhqhudo fdvh/ d vxlwdeoh yhuvlrq ri +514:, pxvw eh ixo�oohg iru shuihfw frooxvlrq wr

eh vxvwdlqdeoh1 Lq wkh vshfl�f prgho/ wkh phdvxuh ri ghwhuuhqfh uhgxfhv wr

G+*, @ �
� � �

� +*, @
*2

7+5� *,2
+514;,

dqg zh qrwh wkdw
gG+*,

g*
@

*

+5� *,�
A 3>;* 5 +3> 4, +514<,

Khqfh/ wkh jds ehwzhhq frooxvlyh dqg vwdwlf htxloleulxp sd|r�v zlghqv dv surg0

xfwv ehfrph forvhu vxevwlwxwhv lq frqvxpswlrq1 Vlploduo|/ wkh phdvxuh ri whps0

wdwlrq lv jlyhq dv

W +w, @ �
(+*,� �

� @

+
)
2

�SE�3)� li * � *
W

)
2n)3�

e)2
li * � *

W

+5153,

dqg
gW +*,

g*
@

+
)E23)�

�SE�3|�2
A 3 li * 5 ^3> *W,

23)

e)�
A 3 li * 5 +*W> 4,

+5154,

Wkxv/ wkh jds ehwzhhq ghyldwlrq sd|r�v dqg frooxvlyh sd|r�v lv prqrwrqlfdoo|
lqfuhdvlqj lq wkh vxevwlwxwdelolw| ri wkh surgxfwv lq frqvxpswlrq1 Wkh fulwlfdo
glvfrxqw idfwru iru vxvwdlqlqj shuihfw frooxvlrq/

�+*, �
W +*,

W +*, .G+*,

lv frqwlqxrxv lq * dqg gl�huhqwldeoh h{fhsw dw * @ *
W1 Gh�qh *WW � 2

�
++43,

�

2 �

5, * 3=:: A *
W1 Wkhq zh fdq vwdwh wkh iroorzlqj uhvxow rq wkh uhodwlrqvkls

ehwzhhq wkh uhtxluhg glvfrxqw idfwru dqg wkh ghjuhh ri vxevwlwxwdelolw|1

43



Sursrvlwlrq 41 �+*, lv vwulfwo| lqfuhdvlqj lq * rq ^3> *WW,/ dwwdlqv d pd{lpxp

dw * @ *
WW/ dqg lv vwulfwo| ghfuhdvlqj lq * rq +*WW> 4,1

Surri1 Vhh Pûoojddug dqg Ryhujddug +5334,1

Zh qrwh wkdw �+*, $ �
2
iru * $ 3/ �+*, $ �

2
iru * $ 4/ dqg �+*, A

�
2

iru doo * 5 +3> 4,1 Lq sduwlfxodu/ wkh uhtxluhg glvfrxqw idfwru lv pd{lpl}hg dw
* @ *

WW * 3=:: dqg �+*WW, * 3=941

516171 Sduwldo frooxvlrq

Li ixoo frooxvlrq lv qrw vxvwdlqdeoh e| Qdvk wuljjhuv/ wkh dowhuqdwlyh lv qrw qhfhv0
vdulo| d uhwxuq wr wkh qrq0frrshudwlyh Ehuwudqg0Qdvk sulfhv dqg sur�wv1 Udwkhu/
li wkh glvfrxqw uidfwru � ? �+*,/ wkh ulydov pd| uhgxfh wkh frooxvlyh sulfh xqwlo
wkh lqfhqwlyh wr ghyldwh lv holplqdwhg1 Lq wkh iroorzlqj zh irfxv rq wkh pd{lpdo/
v|pphwulf sulfh wkdw lv vxvwdlqdeoh e| Qdvk wuljjhuv1 Wkxv zh h{dplqh wkh surs0
huwlhv ri wklv �sduwldoo| frooxvlyh� sulfh s 5 ^s� > s� `1 Wkh lqfhqwlyh frqvwudlqw
pd| eh zulwwhq dv

4

4� �
+4� s,s �

;?
=

�
e
+4� *,

k
4 . )

�3)
s

l2
. B

�3B
�
� +*, li * � *+s,

�n)

)
+4� s,

k
s�

�3)

)
+4� s,

l
. B

�3B
�
� +*, li * � *+s,

+5155,
zkhuh *+s, lv gh�qhg dv wkh erughuolqh ehwzhhq wkh fdvh zkhuh d ehvw uhso| wr s

zrxog fdxvh wkh ulydo wr eh lqdfwlyh dqg wkh fdvh zkhuh kh zrxog vwloo eh dfwlyh1
Lw lv hdvlo| vkrzq wkdw

*+s, @
�4 .

s
4 . <+4� s,2

5+4� s,

lv d ghfuhdvlqj ixqfwlrq ri s wdnlqj lwv +frqvwudlqhg, pd{lpxp8
dw s

� +*, dqg d

plqlpxp dw s @ s
� @ �

2
zkhuh *+s�, @ *

W
1

Ghqrwh wkh pd{lpdo sulfh wkdw vdwlv�hv +5155, e| s
��

1 Whglrxv dojheud uhyhdov

wkdw zkhq * � *+s,/ s�� lv d ghfuhdvlqj ixqfwlrq ri * dqg dq lqfuhdvlqj ixqfwlrq

ri �1 Wklv lv dovr wkh fdvh zkhq * � *+s, dv orqj dv � �
�

2
1 Krzhyhu/ iru

* � *+s, dqg � 5 +�
2
/ �+*,,/ s�� lv ghfuhdvlqj lq * xs wr vrph olplw *+�, dqg

wkhq lqfuhdvlqj lq *1 Wkh ixqfwlrq *+�, gh�hv dq| lqwhooljleoh h{suhvvlrq exw lv

ghfuhdvlqj lq �1

Dv dq h{dpsoh frqvlghu wkh fdvh ri � @ 3=861 Wkh vohqghu fxuyh vkrzv *+s,/
zkloh wkh idw fxuyh looxvwudwhv s

��
dv d ixqfwlrq ri *1 Wkh krul}rqwdo olqh lv s

� @ �

2
1

s
��

lv ghfuhdvlqj xqwlo * * 3=;<: dqg wkhq lqfuhdvlqj xqwlo * * 3=<8;7341

8
Wkh �xqfrqvwudlqhg� pd{lpxp lv )Ef� ' �1
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0
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0.4

0.6

0.8

1

rice

0.8 0.85 0.9 0.95 1Degree of substitutability

Iljxuh 4= Pd{lpdo vxvwdlqdeoh v|pphwulf sulfh +� @ 3=86,

Lq vxp= Wkh pd{lpdo vxvwdlqdeoh/ sduwldoo| frooxvlyh sulfh/ s
��

/ lv d ixqfwlrq

ri wkh ghjuhh ri vxevwlwxwdelolw|/ */ dqg ri wkh glvfrxqw idfwru/ �1 Lw lv dozd|v

lqfuhdvlqj lq �1 Iru orz * dqg �/ s
��

lv ghfuhdvlqj lq * exw iru uhodwlyho| kljk

ydoxhv ri wkh glvfrxqw idfwru dqg kljk vxevwlwxwdelolw| lq ghpdqg/ dq lqfuhdvh lq

vxevwlwxwdelolw| pd| ohdg wr dq lqfuhdvh lq sulfhv$ Zh h{sorlw dqg h{sodlq wkhvh

uhvxowv lq vhfwlrqv 616 dqg 71515 ehorz1

Wklv hqgv rxu rxwolqh ri wkh edvlf xqghuo|lqj prgho ri wkh uhshdwhg roljrsro|

frpshwlwlrq1 Ehorz zh dujxh wkdw yduldwlrqv rq wklv vhw0xs surylgh d xvhixo

edfnjurxqg djdlqvw zklfk wr glvfxvv ydu|lqj ghjuhhv dqg irupv ri pdunhw wudqv0

sduhqf|1

�� ����
���
 ���� �
� �

�����
 ����
���


Wklv vhfwlrq vkrzv krz yhu| vlpsoh uhlqwhusuhwdwlrqv ri zkdw lv jrlqj rq lq wkh

edvlf uhshdwhg jdph ghvfulehg lq wkh suhylrxv vhfwlrq doorz xv wr fdswxuh erwk

ghwhfwlrq odjv dqg fdvhv zkhuh ghyldwlrqv duh rqo| revhuyhg zlwk d fhuwdlq sure0

delolw|1 Ghwhfwlrq odjv dqg xqfhuwdlq ghwhfwlrq duh dowhuqdwlyh zd|v ri prghoolqj

zkdw kdv orrvho| ehhq uhihuuhg wr dv vhfuhw sulfh fxwwlqj1 D ghwhfwlrq odj phdqv

wkdw d ghyldwlrq +l1h1/ d sulfh fxw, fdq eh nhsw vhfuhw iru d zkloh/ zkloh d sured0

elolw| ri ghwhfwlrq ohvv wkdq rqh lpsolhv wkdw wkh ghyldwlrq pd| qhyhu eh ghwhfwhg

dw doo1 Iru frpsohwhqhvv/ zh qrwh wkdw oxps| dqg lqiuhtxhqw rughuv zloo kdyh

urxjko| wkh vdph h�hfw dv d ghwhfwlrq odj/ vlqfh wklv lv frpsdudeoh wr dvvxplqj

wkdw wkh qh{w urxqg ri sod| lv idu lqwr wkh ixwxuh1 Rq wklv Wluroh +4<;;/ s1 57;,

uhpdunv wkdw

�Wkh wkuhdw ri d sxqlvkphqw rshudwhv rqo| li wkh sxqlvkphqw frphv

idluo| vrrq diwhu d sulfh fxw1 Sxqlvkphqw pljkw eh ghod|hg iru wzr uh0
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odwhg uhdvrqv1 Iluvw/ d �up*v sulfh fxw pd| eh ohduqhg ri e| lwv ulydo

rqo| zlwk d odj1 Wklv pd| kdsshq zkhq pdqxidfwxuhuv frqwudfw zlwk

d ihz elj ex|huv +zkrohvdohuv ru grzqvwuhdp pdqxidfwxuhuv,1 Wkh vh0
fuhf| ri frqwudfwv pd| wkhq eh dq revwdfoh wr frooxvlrq1 Lqghhg/ li sulfh
fxwv zhuh qhyhu ghwhfwhg/ frooxvlrq frxog qrw eh vxvwdlqhg1 Vhfrqg/ lq0
iuhtxhqw lqwhudfwlrq +gxh wr oxpslqhvv lq rughuv/ iru lqvwdqfh, ghod|v
wkh sxqlvkphqw dqg pdnhv fxuuhqw sulfh fxwwlqj pruh dwwudfwlyh1�

Prvw ri zkdw zh kdyh wr vd| lq wklv vhfwlrq grhv qrw uhtxluh d ixoo| zrunhg

rxw h{dpsoh/ exw wrzdugv wkh hqg zh gr uho| rq d ixoo| vshfl�hg prgho1

6141 Ghwhfwlrq odjv

Qrz/ frqvlghu d uhshdwhg jdph zlwk d ghwhfwlrq odj1 Wr vhw wkh vfhqh/ ohw xv

eulh | h{sodlq h{dfwo| zkdw zh phdq e| d ghwhfwlrq odj lq uhshdwhg roljrsro|1

Vd|lqj wkdw wkhuh lv d ghwhfwlrq odj ri � lv wdqwdprxqw wr dvvxplqj wkdw ghyldwlrqv

iurp d wdflw djuhhphqw lv revhuyhg e| d �up*v ulydov zlwk d odj ri � urxqgv ri

sod| ru shulrgv1 Wkdw lv/ li d �up ghyldwhv lq shulrg w wklv zloo eh ghwhfwhg e| wkh

ulydov dw wkh hqg ri shulrg w. � / dqg sxqlvkphqwv fdq vwduw lq shulrg w. � . 41

Zlwk wklv qrwdwlrqdo frqyhqwlrq/ lq d vwdqgdug roljrsro| prgho zlwkrxw ghwhfwlrq

odj +� @ 3,/ wkh ghyldwlrq lv ghwhfwhg dw wkh hqg ri shulrg w/ dqg wkh sxqlvkphqw

fdq vwduw lq shulrg w. 41 Wklv/ ri frxuvh/ lv mxvw wkh prgho dqdo|vhg deryh1

Iru frpsdulvrq zlwk wkh dqdo|vlv deryh/ zh djdlq frqvlghu zkhwkhu �upv duh

deoh wr frooxgh shuihfwo| rq wkh �prqrsro| sulfh� s
� zlwk uhvxowlqj sur�wv lq

hyhu| shulrg �
� 1 Ilupv duh uhvwulfwhg wr Qdvk wuljjhu0vwudwhjlhv1 E| iroorzlqj

wkh frooxvlyh sdwk d �up rewdlqv

Y
� @

4

4� �
�
�

E| ghyldwlqj xqwlo ghwhfwhg/ wkh �up rewdlqv

Y
( @ +4 . � . �

2 . ===. �
� ,�(+*, . �

�n�+4 . � . �
2 . ===,�� +*,

Wkdw lv/ e| ghyldwlqj d �up uhfhlyhv wkh ghyldwlrq sd|r�v iru � . 4 shulrgv/

diwhu zklfk wkh shulrg sd|r�v frlqflgh zlwk wkh vwdwlf Qdvk Htxloleulxp sd|r�v

iruhyhu1 Wkh glvfrxqwhg ydoxh ri wklv vwuhdp ri sd|r�v fdq eh uhzulwwhq dv
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Khqfh/ wr vxvwdlq shuihfw frooxvlrq/ zh uhtxluh
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Lq wkh qrwdwlrq lqwurgxfhg deryh/ zh fdq zulwh wklv dv

�
�n�

�

W +*,

W +*, .G+*,

ru

� � �+�, @

�n�
s
W +*,

�n�
s
W +*, .G+*,

AIurp wklv lw lv lpphgldwho| fohdu/ dqg qrw yhu| vxusulvlqj/ wkdw wkh uhtxluhg

glvfrxqw idfwru lv lqfuhdvlqj lq wkh ghwhfwlrq odj/ wkdw lv/ wkh ghod| ehiruh ulydov

ghwhfw d ghyldwlrq dqg vwduw uhvsrqglqj1 Vr/ devhqfh ri wudqvsduhqf|/ lqwhusuhwhg

dv orqj ghwhfwlrq odjv ru oxps| rughuv/ lv jrrg iurp wkh shuvshfwlyh ri dqwlwuxvw/

lq wkh vhqvh wkdw lw pdnhv wdflw frooxvlrq kdughu wr vxvwdlq1

6151 Xqfhuwdlq ghwhfwlrq

Qh{w/ frqvlghu d uhshdwhg jdph zkhuh ghyldwlrqv duh rqo| revhuyhg zlwk d fhuwdlq

suredelolw|1 Wr fdswxuh wklv lghd dv vlpso| dv srvvleoh/ ohw xv dvvxph wkdw d

ghyldwlrq iurp d wdflw djuhhphqw lv rqo| ghwhfwhg zlwk d suredelolw| $ 5 ^3> 4`1 Li

d ghyldwlrq lv ghwhfwhg/ wkhq lw lv ghwhfwhg lpphgldwho|1 Vr/ wkh vwdqgdug prgho

lv vlpso| rqh zkhuh $ @ 41

Djdlq/ zh vwxg| wkh vfrsh iru vxvwdlqlqj shuihfw frooxvlrq rq wkh prqrsro|

sulfh1 D �up wkdw iroorzv wkh frooxvlyh sdwk rewdlqv

Y
� @

4

4� �
�
�

zkloh d �up frqwhpsodwlqj d ghyldwlrq +rqfh dqg wkhq uhwxuq wr wkh suhvfulehg

vwudwhjlhv9, h{shfwv wr rewdlq
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Vr/ shuihfw frooxvlrq uhtxluhv
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Zh fdq uhzulwh wklv dv
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�
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9Irupdoo|/ wklv lv/ ri frxuvh/ htxlydohqw wr ghyldwlqj lq hyhu| shulrg xqwlo ghwhfwhg1
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Ru/ lq wkh qrwdwlrq lqwurgxfhg deryh

� � �+$, �
W +*,

W +*, . $G+*,

iurp zklfk lw lv lpphgldwho| reylrxv wkdw wkh uhtxluhg glvfrxqw idfwru lv ghfuhdv0

lqj lq wkh suredelolw| ri ghwhfwlrq1 Djdlq/ devhqfh ri wudqvsduhqf|/ lqwhusuhwhg

dv orz suredelolwlhv ri ghwhfwlrq ri sulfh fxwv/ lv jrrg iurp wkh shuvshfwlyh ri

dqwlwuxvw/ iru wkh vdph uhdvrq dv orqj ghwhfwlrq odjv1

Prghov zlwk ghwhfwlrq odjv dqg xqfhuwdlq ghwhfwlrq fdq eh frpelqhg1 Exw

wkhuh lv olwwoh uhdvrq wr gr vr/ iurp wkh shuvshfwlyh ri wkh suhvhqw sdshu/ vlqfh wkh

uhvxowv zrxog iroorz lpphgldwho| iurp wkh wzr prghov frqvlghuhg deryh1

6161 Pd{lpxp vxvwdlqdeoh sulfh

Li wkh glvfrxqw idfwru lv ehorz �+�,/ shuihfw frooxvlrq lv qrw vxvwdlqdeoh dw wkh

fxuuhqw ghwhfwlrq odj/ vr wkh �upv pd| frooxgh rq d orzhu sulfh s��+�>*> �,1 Lw

iroorzv iurp wkh glvfxvvlrq ri vhfwlrq 51617 wkdw wklv sulfh lv dozd|v ghfuhdvlqj lq � 1

Wkhuh zh dujxhg wkdw wkh pd{lpdo/ v|pphwulf sulfh vxvwdlqdeoh e| Qdvk wuljjhuv

lv lqfuhdvlqj lq wkh glvfrxqw idfwru/ dqg d orqjhu ghwhfwlrq odj fruuhvsrqgv wr d

orzhulqj ri wkh glvfrxqw idfwru1 Wkxv/ zkhq ixoo frooxvlrq fdqqrw eh vxvwdlqhg/ dq

lqfuhdvh ri wudqvsduhqf| wkdw vkruwhqv wkh ghwhfwlrq odj pd| ohdg wr dq lqfuhdvh

ri wkh sulfh1

Lq wkh fdvh ri xqfhuwdlq ghwhfwlrq/ wkh lqfhqwlyh frqvwudlqw ri sduwldo frooxvlrq

+5155, qhhgv wr eh prgl�hg dorqj wkh olqhv ri +614,1 Djdlq wzr fdvhv rewdlq= Rqh

lq zklfk wkh vwdwlf ehvw uhvsrqvh wr wkh sduwldoo| frooxvlyh sulfh s��+�> *> $, zrxog
eh d sulfh dw zklfk wkh ulydo zdv dfwlyh/ dqg rqh lq zklfk wklv zdv qrw wkh fdvh1

Lq erwk fdvhv/ wkh pd{lpdo vxvwdlqdeoh sulfh lv lqfuhdvlqj lq wkh suredelolw| lq

ghwhfwlrq/ exw wkh txdolwdwlyh zd| lq zklfk lw lqfuhdvhv gl�huv1 Iljxuh 5 looxvwudwhv

wkdw iru d glvfrxqw idfwru ri � @ 3=:/ ixoo frooxvlrq fdqqrw eh vxvwdlqhg zkhq wkh

suredelolw| ri ghwhfwlrq lv orz1 Vr/ wkh ulydov kdyh wr vhwwoh iru d orzhu/ sduwldoo|

frooxvlyh sulfh1 Krz orz wkh| jr dovr ghshqgv rq wkh ghjuhh ri vxevlwxwdelolw|/

*= Wkh ohiw0prvw fxuyh lv ydolg iru * @ 3=8/ wkh plggoh fxuyh iru * @ 3=9 dqg wkh

uljkw0prvw/ idw fxuyh iru * @ 3=:1
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rice

0 0.2 0.4 0.6 0.8 1Probability of detection

Iljxuh 5= s�� dv d ixqfwlrq ri wkh suredelolw| ri ghwhfwlrq +� @ 3=:,

Revhuyh wkdw wkh ghwhfwlrq suredelolw| iru zklfk ixoo frooxvlrq fdq eh vxvwdlqhg

lv lqfuhdvlqj lq */ vr wkdw kljkhu vxevwlwxwdelolw| uhtxluhv d kljkhu ghwhfwlrq sure0

delolw| iru ixoo frooxvlrq wr eh vxvwdlqhg1 Rq wkh rwkhu kdqg/ jlyhq d fhuwdlq orz

ghwhfwlrq suredelolw|/ s��+�> *> $, lv ghfuhdvlqj lq *1 Wklv pluuruv uhvxowv lq

vhfwlrq 51617 dqg zloo eh xvhg djdlq lq vhfwlrq 715151

Wkh rwkhu fdvh/ zkhq wkh vwdwlf ehvw uhvsrqvh wr s��+�>*> $, zrxog uhqghu

wkh ulydo lqdfwlyh/ rqo| kdsshqv iru uhodwlyho| kljk * dqg uhodwlyho| kljk ydoxhv ri

�1 Lw lv uhodwlyho| hdvlo| vkrzq wkdw iru doo uhohydqw ydoxhv ri � dqg */ s��+�>*> $,
lv lqfuhdvlqj lq $ dovr lq wklv fdvh1 Iljxuh 6 vkrzv s��+3=86> *> $, iru wkuhh ydoxhv
ri * = 3=< +grwwhg,/ 3=<8 +vohqghu, dqg 3=<8;734+idw,1 Wkh glvfrxqw udwh ri 3186

zdv fkrvhq iru frpsdudelolw| zlwk Ilj1 41

0.2

0.3

0.4

0.5

rice

0 0.2 0.4 0.6 0.8 1Probability of detection

Iljxuh 6= s�� dv d ixqfwlrq ri wkh suredelolw| ri ghwhfwlrq +� @ 3=86,1

Qrwh wkdw wkh kljkhu lv */ wkh pruh udslg lv wkh lqfuhdvh lq wkh sduwldoo|

frooxvlyh sulfh iru d jlyhq fkdqjh lq wkh ghwhfwlrq suredelolw|1 Rq wkh rwkhu kdqg/
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iru d jlyhq ghwhfwlrq suredelolw| $/ wkh kljkhu * lv/ wkh orzhu lv s�� / exw rqo| xs

wr d srlqw +urxjko| 31< lq Ilj1 5,= Iru kljk ydoxhv ri wkh ghwhfwlrq suredelolw|/ dq

lqfuhdvh lq * zrxog fdxvh wkh sduwldoo| frooxvlyh sulfh wr jr xs$ Wklv pluuruv wkh

uhvxow ri vhfwlrq 51617 dqg zh vkdoo h{sorlw wklv ixuwkhu lq vhfwlrq 715151

Lq vxp= Wkh pd{lpdo vxvwdlqdeoh sduwldoo| frooxvlyh sulfh lv d ixqfwlrq ri wkh

glvfrxqw idfwru/ wkh ghjuhh ri vxevwlwxwdelolw|/ wkh ghwhfwlrq odj dqg2ru wkh gh0

whfwlrq suredelolw|1 Li dq lqfuhdvh lq wudqvsduhqf| ohdgv wr d vkruwhqlqj ri wkh

ghwhfwlrq odj dqg2ru dq lqfuhdvh lq wkh suredelolw| ri ghwhfwlrq/ wkhq wkh sulfh

pd| jr xs dv d uhvxow$ Wkhvh duh h{dpsohv ri wkh gluhfw h�hfwv ri lpsuryhg wudqv0

sduhqf|= wkh wkuhdw ri d vrrqhu ru pruh olnho| sxqlvkphqw glvflsolqhv roljrsrolvwlf

frruglqdwlrq1

 � !������� "���#
� $������%�����

Dv vxjjhvwhg lq wkh suhylrxv vhfwlrq/ wkh olwhudwxuh rq wkh lqwhudfwlrq ehwzhhq

lqirupdwlrq dqg wkh vfrsh iru wdflw frooxvlrq kdv irfxvhg pdlqo| rq lqirupdwlrq

h{fkdqjh ehwzhhq �upv/ wkdw lv/ rq wkh gluhfw h�hfw rq frpshwlwlrq1 Qh{w/ zh

zdqw wr irfxv rq wkh lqgluhfw h�hfw1 Wr gr wkdw zh vkdoo lqwhusuhw lpsuryhg pdu0

nhw wudqvsduhqf| rq wkh frqvxphu vlgh dv lqfuhdvhg frpsdudelolw| ri wkh txdolw|

ru fkdudfwhulvwlfv ri jrrgv dqg vhuylfhv +lqvxudqfh srolflhv surylgh d jrrg h{0

dpsoh,1 Lq wklv vhwwlqj lw wxuqv rxw wkdw pdunhw wudqvsduhqf| pd| eh d pl{hg

eohvvlqj iurp wkh srlqw ri ylhz ri frpshwlwlrq dqg pdunhw h!flhqf| lq d g|qdplf

roljrsro|1 Edvhg rq d voljkw uhlqwhusuhwdwlrq ri wkh edvlf prgho lq Vhfwlrq 5/ zh

dujxh wkdw lpsuryhg wudqvsduhqf| fdq d�hfw wkh vfrsh iru frooxvlrq lq dq dp0

eljxrxv zd|1 Rq wkh rqh kdqg/ lpsuryhg wudqvsduhqf| pd| zhoo pdnh frqvxphuv

vzlwfk pruh hdvlo| iurp rqh vxssolhu wr dqrwkhu1 Lq wkh odqjxdjh ri Vhfwlrq 5/

wklv kdv wkh h�hfw ri lqfuhdvlqj wkh +vwdwlf, whpswdwlrq ri lqglylgxdo �upv wr

ghyldwh iurp wdflwo| djuhhg kljk sulfhv1 Exw/ rq wkh rwkhu kdqg/ wkh srvvleoh ix0

wxuh sxqlvkphqw ehfrphv pruh vhyhuh +khqfh/ wkh ghwhuuhqfh lv dovr lqfuhdvlqj lq

wudqvsduhqf|,1 Li wkh remhfwlyh ri frqvxphu surwhfwlrq dqg dqwlwuxvw srolf| lv wr

pdnh wdflw frooxvlrq dv gl!fxow wr vxvwdlq dv srvvleoh/ zh �qg wkdw wkh �rswlpdo

ghjuhh ri wudqvsduhqf|� pd| qrw eh shuihfw wudqvsduhqf|/ xqohvv wkh roljrsrolvwv

pd| uho| rq vrsklvwlfdwhg/ rswlpdo sxqlvkphqw vwudwhjlhv1 Zkhq ixoo frooxvlrq lv

lpsrvvleoh lq htxloleulxp/ zh vkrz krz wkh pd{lpxp vxvwdlqdeoh sulfh lv uhodwhg

wr d phdvxuh ri wudqvsduhqf|1 Dovr/ iru d �vpdoo� qxpehu ri �upv/ wkh rswlpdo

ghjuhh ri wudqvsduhqf| lv lqfuhdvlqj lq wkh qxpehu ri �upv/ zkloh li wkh qxpehu

ri �upv lv �vx!flhqwo| odujh�/ shuihfw wudqvsduhqf| lv rswlpdo1:

:Rswlpdolw| lv gh�qhg zlwk uhvshfw wr wkh +dgplwwhgo|/ olplwhg, remhfwlyh ri pdnlqj krul}rqwdo

frooxvlrq dv gl!fxow dv srvvleoh1 Ri frxuvh/ wklv remhfwlyh lv ghulyhg iurp vrph kljkhu0rughu
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Zkloh prvw ri wkh olwhudwxuh lv uhodwhg wr wkh gluhfw h�hfw/ wkhuh duh d ihz

h{fhswlrqv vxfk dv Qlovvrq +4<<<, dqg Vfkxow} +5334,1 Qlovvrq +4<<<, hpsor|v

dq dgdswhg yhuvlrq ri wkh sulfh0vhdufk prghov ri Exughww dqg Mxgg +4<;6, dqg

Ihuvkwpdq dqg Ilvkpdq +4<<5,; wr vkrz krz d ghfuhdvh lq vhdufk frvwv vkliwv

wkh sulfh glvwulexwlrq grzq lq d vwdwlf vhwwlqj/< zkhuhdv wkh uhodwlrqvkls ehwzhhq

vhdufk frvwv dqg wkh vfrsh iru wdflw frooxvlrq lv dpeljxrxv lq d g|qdplf vhwwlqj1

Li ghfuhdvhv lq vhdufk frvwv duh lqwhusuhwhg dv wkh uhvxowv ri lqfuhdvhg h�ruwv e|

jryhuqphqw djhqflhv wr lpsuryh pdunhw wudqvsduhqf| iurp wkh srlqw ri ylhz ri

frqvxphuv/43 wkhq wkh uhodwlrqvkls ehwzhhq wklv h�ruw dqg wkh vfrsh iru gxrsro|0

frooxvlrq pd| eh dpeljxrxv2qrq0prqrwrqh1 Wkh fulwlfdo wudgh0r� uhvhpeohv wkh

rqh deryh= wkh vwdwlf lqfhqwlyh wr xqghufxw lqfuhdvhv/ zkloh wkh srvvleoh sxqlvk0

phqwv ehfrph pruh vhyhuh dv vhdufk frvwv duh eurxjkw grzq1 Krzhyhu/ wkhuh

duh vljql�fdqw frqfhswxdo gl�huhqfhv ehwzhhq Qlovvrq*v dssurdfk dqg rxu1 Lq

Qlovvrq*v prgho frqvxphuv duh dvvxphg wr nqrz wkdw jrrgv r�huhg e| gl�huhqw

rxwohwv duh lghqwlfdo/ zkloh vdpsolqj dq h{wud sulfh txrwh lv frvwo|1 Lq rxu prgho/

frqvxphuv revhuyh sulfhv iru iuhh exw duh xqfhuwdlq derxw wkh vxevwlwxwdelolw| ri

jrrgv dydlodeoh iurp gl�huhqw rxwohwv1 Khqfh/ Qlovvrq*v vwxg| vkrxog eh lqwhu0

suhwhg dv d prgho ri sulfh wudqvsduhqf|/ zkhuhdv wudqvsduhqf| ehorz uhihuv wr

surgxfw fkdudfwhulvwlfv1 Lq wklv vhqvh/ wkh wzr vwxglhv frpsohphqw hdfk rwkhu1

Uhodwhgo|/ Vfkxow} +5334, frqvlghuv sulfh0wudqvsduhqf| lq d uhshdwhg Krwhoolqj0

vw|oh prgho ri sulfh frpshwlwlrq/ zkhuh vrph frqvxphuv duh lqiruphg derxw d

jlyhq �up*v sulfh zkloh rwkhuv duh qrw1 Lq wklv vhwwlqj/ wkh iudfwlrq ri srwhq0

wldo fxvwrphuv zkr duh lqiruphg derxw wkh sulfhv dw rqh ru erwk rxwohwv fdq eh

+vxlwdeo|, lqwhusuhwhg dv d phdvxuh ri pdunhw wudqvsduhqf|1 Wkxv/ lq d wudqv0

sduhqw pdunhw/ pdq| frqvxphuv duh lqiruphg dqg lqglylgxdo �up ghpdqgv duh

kljko| hodvwlf1 Zlwk kljko| hodvwlf ghpdqgv/ vwdwlf sulflqj lv kljko| frpshwlwlyh1

Rqh wkh rwkhu kdqg/ zlwk kljko| hodvwlf shulrg0ghpdqgv/ sxqlvkphqwv dovr eh0

frph pruh vhyhuh/ dqg lw iroorzv wkdw wkhuh lv d wudgh0r� ehwzhhq wzr h�hfwv1

Lq wkh sduwlfxodu prghoolqj ri Vfkxow} +5334, wklv wudgh0r� lv dozd|v uhvroyhg lq

frqfhuq iru h!flhqf| ru frqvxphu zhoiduh1
;D frqwlqxxp ri frqvxphuv zlwk xqlw ghpdqgv dqg lghqwlfdo uhvhuyh sulfhv duh vhuyhg e| wzr

sulfh0vhwwlqj �upv zlwk krprjhqrxv jrrgv1 Vrph frqvxphuv kdyh }hur vhdufk frvwv/ zkloh rwkhuv

kdyh vwulfwo| srvlwlyh vhdufk frvwv1 Doo frqvxphuv revhuyh rqh sulfh iru iuhh dqg pd| ghflgh wr

vhdufk iru wkh rwkhu1
<Wkh vwdwlf Qdvk htxloleulxp lv lq pl{hg vwudwhjlhv1 Wkxv/ khxulvwlfdoo|/ wkh �dyhudjh� sulfh

fkdujhg lq wkh vwdwlf htxloleulxp lv ghfuhdvlqj lq wudqvsduhqf|1 Lq wklv vhqvh/ wkh vwdwlf sulfh

frpshwlwlrq ehfrphv pruh lqwhqvlyh dv wkh pdunhw ehfrphv pruh wudqvsduhqw iurp wkh srlqw ri

ylhz ri frqvxphuv1
43Khuh/ zh zrxog dujxh wkdw wklv lv zkdw pdq| +fdvxdo, frpphqwdwruv kdyh lq plqg zkhq

wkh| fdoo iru jryhuqphqw0vsrqvruhg zhe0vlwhv wkdw doorz frpsdulvrq vkrsslqj iru h1j1 lqvxudqfh

dqg fuhglw surgxfwv1
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idyrxu ri sulfh0wudqvsduhqf|= frooxvlrq lv pruh gl!fxow wkh pruh wudqvsduhqw lv

wkh pdunhw/ dqg wkh pd{lpdo vxvwdlqdeoh sulfh lv qrq0lqfuhdvlqj lq wkh phdvxuh

ri wudqvsduhqf|1 Lq wkh vhqvh wkdw Vfkxow}*v prgho lv derxw sulfh wudqvsduhqf|

wklv frpsohphqwv wkh uhvxowv ehorz1 Krzhyhu/ wkh xqdpeljxrxv uhvroxwlrq ri wkh

wudgh0r� lq idyrxu ri wudqvsduhqf| lv lq frqwudvw wr wkh uhvxowv ehorz1

7141 Wudqvsduhqf| dqg surgxfw fkdudfwhulvwlfv

Zh zdqw wr dujxh wkdw wkh edvlf roljrsro| prgho suhvhqwhg lq Vhfwlrq 5 fdq

eh uhlqwhusuhwhg lq vxfk d zd| wkdw lw frqvwlwxwhv d xvhixo edfnjurxqg djdlqvw

zklfk wr glvfxvv wudqvsduhqf| uhodwlqj wr surgxfw fkdudfwhulvwlfv144 Edvhg rq wkh

uhvxowv rewdlqhg iru wklv prgho zh vkrz krz pdunhw wudqvsduhqf| dqg wkh vfrsh

iru frooxvlrq duh uhodwhg1 Exw ehiruh grlqj vr/ ohw xv �{ lghdv1

Zh �uvw vwxg| wkh lq�qlwho| uhshdwhg gxrsro| jdph zlwk glvfrxqwlqj dqg

wkhq eulh | frpphqw rq wkh jhqhudo fdvh zlwk q �upv1 Iluvw/ wr glvfxvv fkdudf0

whulvwlfv wudqvsduhqf|/ wkh vwdjh0jdph frxog eh hqwluho| vwdqgdug/ h{fhsw wkdw zh

zdqw wr uhodwh wkh ghpdqg idflqj hdfk �up wr vrph phdqlqjixo qrwlrq ri pdunhw

wudqvsduhqf|1 Vhfrqgo|/ wr vlpsoli| wkh h{srvlwlrq/ li wkh pdunhw lv ixoo| wudqv0

sduhqw/ wkh jdph vkrxog uhgxfh wr d vwdqgdug krprjhqrxv jrrgv Ehuwudqg0jdph1

Wklugo|/ li wkh pdunhw lv ohvv wkdq ixoo| wudqvsduhqw/ wkh jrrgv r�huhg iru vdoh

duh shufhlyhg e| srwhqwldo fxvwrphuv wr eh gl�huhqwldwhg lq wkh uhohydqw surg0

xfw vsdfh/ dowkrxjk wkh| duh/ lq idfw/ lqwulqvlfdoo| krprjhqhrxv145 Ilqdoo|/ li wkh

pdunhw lv �frpsohwho| qrq0wudqvsduhqw�/ wkhq ghpdqgv duh lqghshqghqw/ dqg zh

h�hfwlyho| kdyh +�orfdo�, prqrsrolhv hdfk vhuylqj d iudfwlrq ri frqvxphuv1 Ohw �

eh wkh phdvxuh ri pdunhw wudqvsduhqf|1 Wkhq/ iru wkh gxrsro| fdvh/ wkh prgho

vkrxog fdswxuh wkdw wkh ghpdqg idflqj �up l/ t�+s�> s� > �,/ ehfrphv pruh vhqvlwlyh
wr sulfh gl�huhqfhv/ m s� � s� m/ dv � lqfuhdvhv1

Ohw xv uhwxuq wr wkh edvlf prgho lq Vhfwlrq 51 Lq +515, vxevwlwxwh � iru * wr

rewdlq

t� @ 4�
4

4� �
s� .

�

4� �
s� l> m @ 4> 5

zkhuh � lv wkh phdvxuh ri wudqvsduhqf|1 Zh qrwh wkdw wklv ghpdqg idflqj �up l

kdv doo wkh ihdwxuhv dooxghg wr deryh1 Li wkh pdunhw lv frpsohwho| qrq0wudqvsduhqw

+� @ 3,/ ghpdqg uhgxfhv wr t� @ 4� s�/ zklfk lv lqghshqghqw ri wkh sulfh vhw e|

44 Lq wklv dqg wkh iroorzlqj vxevhfwlrqv/ zh eruurz khdylo| iurp wkh zrun suhvhqwhg lq Pûoo0

jddug dqg Ryhujddug +5334,1 Khuh/ zh vkdoo ohdyh rxw pdq| ri wkh irupdo ghwdlov1
45Wkdw wkh| duh lqwulqvlfdoo| krprjhqhrxv lv xqlpsruwdqw +exw frqyhqlhqw, iru rxu dujxphqwv=

Wkh lpsruwdqw wklqj lv wkdw lqfuhdvhg wudqvsduhqf| phdqv wkdw fxvwrphuv duh ehwwhu lqiruphg

derxw wkh wuxh uhodwlyh txdolw| ri wkh jrrgv surylghg e| gl�huhqw vxssolhuv1
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wkh ulydo1 Dv wkh pdunhw ehfrphv ixoo| wudqvsduhqw +� $ 4,/ ghpdqg ehfrphv �lq0

�qlwho| vhqvlwlyh� wr sulfh gl�huhqfhv dv lq wkh vwdqgdug Ehuwudqg0prgho1 Khxulv0

wlfdoo|/ wkh ghpdqgv fdswxuh wkdw dv wkh pdunhw ehfrphv pruh wudqvsduhqw/ wkh

frqvxphuv shufhlyh wkh wzr jrrgv dv forvhu vxevwlwxwhv1 Wklv vhhpv wr fdswxuh

zkdw frqvxphu surwhfwlrqlvwv kdyh lq plqg zkhq wkh| dujxh wkdw odfn ri pdu0

nhw wudqvsduhqf| iurp wkh shuvshfwlyh ri frqvxphuv fuhdwhv �duwl�fldo� surgxfw

gl�huhqwldwlrq dqg ohdgv wr d gdpshqlqj ri sulfh frpshwlwlrq1 Vr/ li rqo| wudqv0

sduhqf| frxog eh lqfuhdvhg/ wkhq sulfh frpshwlwlrq zrxog eh pruh lqwhqvlyh wr

wkh ehqh�w ri frqvxphuv +dqg vrflhw| dw odujh,1

Frqvxphuv pd| eh lpshuihfwo| lqiruphg gxh wr wudqvdfwlrq frvwv1 Kdg�hog/

Krzvh dqg Wuhelofrfn +4<<;, qrwh wkdw uhdglqj dqg lqwhusuhwlqj wkh whupv ri d

frqwudfw lv frvwo| dqg wkdw wkh olnholkrrg wkdw wkh frqwudfw frqwdlqv wkh uhohydqw

whupv pd| eh wrr vpdoo wr phulw d fduhixo frqwudfw uhylhz1 Frqwudfw odz kdv sduwo|

uhvsrqghg wr wklv e| uhtxlulqj wkdw vhoohuv sxw rqhurxv whupv lq sodlq odqjxdjh

dqg gudz frqvxphu dwwhqwlrq wr wkhp/ li wkh| zlvk wr uho| rq vxfk whupv146 Wkhvh

uhtxluhphqwv fruuhvsrqg wr lqfuhdvlqj rxu phdvxuh ri wudqvsduhqf|/ �1 Zh vkrz

wkdw lq g|qdplf/ roljrsrolvwlf pdunhwv vxfk dq lqfuhdvh lq wudqvsduhqf| pd| eh

ri gxelrxv ydoxh wr frqvxphuv1

Rq d vlplodu qrwh Wkruhool dqg Wkruhool +4<::/ s1 4, vwdwh wkdw �^l`qiruphg frq0

vxphuv duh surwhfwhg frqvxphuv � pruh wkdq wkdw/ wkh| duh olehudwhg frqvxphuv1�

Wkh| jr rq wr uhfrpphqg wkh fuhdwlrq ri jryhuqphqw vsrqvruhg frqvxphu lqiru0

pdwlrq +FL, surjudpphv/ lqfoxglqj frpsdudwlyh whvwlqj fduulhg rxw e| h1j1 wkh

Frqvxphu Xqlrq*v Frqvxphu Uhsruwv +Rqolqh, lq wkh X1V1 dqg wkh fuhdwlrq ri

lqwhjudwhg lqirupdwlyh odehoolqj +LO, dqg txdolw| fhuwl�fdwlrq +TF, surjudpphv

jlylqj wkh frqvxphu srlqw0ri0sxufkdvh lqirupdwlrq doorzlqj klp wr frpsduh wkh

txdolwlwlhv ri wkh surgxfwv dw kdqg1

Frqvxphu Uhsruwv lv d uhsuhvhqwdwlyh h{dpsoh ri FL surjudpphv iru qxphurxv

jrrgv1 Uhfhqw lqqrydwlrqv lqfoxgh dq lqwhudfwlyh Dxwr Lqvxudqfh Sulfh Vhuylfh

wkdw ohwv wkh frqvxphu frpsduh xs wr 4<3 srolflhv edvhg rq lqirupdwlrq surylghg

e| wkh frqvxphu1 Wkh frqvxphu zloo wkhq jhw d shuvrqdo uhsruw wkdw olvwv dv pdq|

46 Lqirupdwlrq0edvhg uhphglhv sod| dq lpsruwdqw uroh lq frqwudfw odz1 Lq Jhupdq|/ uhfhqw

fdvh odz lqglfdwhv wkdw wkh Ihghudo Frxuw kdv zulwwhq d wudqvsduhqf| reoljdwlrq lqwr wkh idluqhvv

whvw dffruglqj wr zklfk whupv ri frqwudfw duh hydoxdwhg +vhh Uhlfk +4<<4,,1 H{dpsohv lqfoxgh

pdqxidfwxuhuv* zduudqwlhv dqg edqn fkdujhv1 Odfnlqj gluhfw uhjxodwlrq ri frqwudfw whupv/ fdvh

odz vkrzv wkdw wkh whupv pxvw eh vshoohg rxw lq vxfk d zd| wkdw �wkh dyhudjh frqvxphu qrw

kdylqj vshfl�f ohjdo nqrzohgjh� zloo xqghuvwdqg h{dfwo| zkdw zloo eh khu uljkwv ru reoljdwlrqv

dffruglqj wr wkh frqwudfwv1 Rq wklv Uhlfk +4<<4/ s1 5:4, uhpdunv wkdw �111 ^w`udqvsduhqf| vhuyhv

d grxeoh remhfwlyh= wr lpsuryh wkh srvlwlrq ri wkh lqglylgxdo frqvxphu ylv0ã0ylv wkh vxssolhu/

dqg wr lqfuhdvh frpshwlwlrq lq d pruh wudqvsduhqw pdunhw1� Ixuwkhu/ kh fodlpv +s1 59:, wkdw

�^l`qirupdwlrq0w|sh uhjxodwlrqv kdyh suryhg wr eh yhu| urexvw djdlqvw dq| w|sh ri fulwlflvp1�
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dv 58 ri wkh orzhvw sulfhg srolflhv doorzlqj khu wr frpsduh dqg fkrrvh wkh ehvw

ghdo1

Wkh XN Gluhfwru Jhqhudo ri wkh R!fh ri Idlu Wudglqj kdv vxuyh|hg sulydwh

khdowk lqvxudqfh vfkhphv/ frqfoxglqj wkdw lqvxudqfh srolflhv duh frpsoh{ dqg

wkdw fryhudjh ydulhv �111 pdnlqj lw gl!fxow � li qrw lpsrvvleoh � iru wkrvh rxwvlgh

wkh lqgxvwu| wr frpsduh srolflhv lq whupv ri ydoxh iru prqh|1� Wkh Gluhfwru

Jhqhudo uhfrpphqgv wkdw �111 lqvxuhuv frxog dqg vkrxog gr pruh wr idflolwdwh

hdvlhu frpsdulvrq ehwzhhq srolflhv lq d jlyhq pdunhw/ e| gudzlqj xs cehqfkpdun*

surgxfwv edvhg rq d frpprq vhw ri whupv dqg frqglwlrqv� +RIW +4<<9,,1

7151 Frooxvlrq zlwk Qdvk wuljjhuv

Jlyhq wkh uhlqwhusuhwdwlrq ri wkh edvlf prgho ri Vhfwlrq 5/ zh fdq eulh | uhvwdwh

wkh uhvxowv lq whupv ri rxu phdvxuh ri wudqvsduhqf|/ �1

715141 Shuihfw frooxvlrq

E| vxevwlwxwlqj � iru */ wkh fulwlfdo glvfrxqw idfwru uhtxluhg wr vxvwdlq shuihfw

frooxvlrq lv

�+�, �
W +�,

W +�, .G+�,

dqg zh fdq vwdwh wkh iroorzlqj uhvxow rq wkh uhodwlrqvkls ehwzhhq wkh uhtxluhg

glvfrxqw idfwru dqg wkh phdvxuh ri wudqvsduhqf|1

Sursrvlwlrq 51 �+�, lv vwulfwo| lqfuhdvlqj lq � rq ^3> �WW,/ dwwdlqv d pd{lpxp dw

� @ �WW/ dqg lv vwulfwo| ghfuhdvlqj lq � rq +�WW> 4,1

Uhfdoo iurp Vhfwlrq 5 wkdw �WW * 3=::1 Wkxv/ li wkh dlp ri srolf| lv wr pdnh

shuihfw frooxvlrq vxvwdlqhg e| Qdvk wuljjhu0vwudwhjlhv dv gl!fxow dv srvvleoh/ wkhq

wkh rswlpdo ghjuhh ri pdunhw wudqvsduhqf| lv �WW * 3=::1 Rqh pd| reylrxvo|

grxew zkhwkhu uhjxodwruv kdyh wkh lqirupdwlrq dqg lqwuxphqwv uhtxluhg wr �{

wudqvsduhqf| dw wkh rswlpdo ohyho/ exw wklv lv eh|rqg wkh vfrsh ri wkh suhvhqw

vwxg|1 Pruh lpsruwdqwo|/ zh qrwh wkdw wkh rswlpdo ghjuhh ri wudqvsduhqf| lv

lqwhulru1 Ixuwkhupruh/ wklv sduwlfxodu prgho h{dpsoh vxjjhvwv wkdw shuihfw wudqv0

sduhqf| lv dfwxdoo| txlwh edg/ vlqfh wklv lv zkhuh wkh uhtxluhg glvfrxqw idfwru wr

vxvwdlq ixoo frooxvlrq lv orzhvw$

715151 Sduwldo frooxvlrq

Lw iroorzv gluhfwo| iurp vhfwlrq 51617/ wkdw li wkh glvfrxqw udwh � 5 +�
2
> �+�,,/ vr wkdw

shuihfw frooxvlrq fdqqrw eh vxvwdlqhg e| Qdvk wuljjhuv/ wkh pd{lpdo/ v|pphwulf/
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vxvwdlqdeoh sulfh/ s��+�> �,/ lv lqfuhdvlqj lq � iurp d fhuwdlq ohyho ri wudqvsduhqf|

+wkdw ghshqgv rq wkh glvfrxqw udwh,1 Wklv phdqv wkdw Ilj1 4 dssolhv zlwk wkh

vxevwlwxwlrq ri � iru *1 Wkh uhdvrq iru wklv uhvxow lv hvvhqwldoo| wkdw wkh Ehuwudqg0

Qdvk sulfh s� xvhg iru wkh srwhqwldo sxqlvkphqw lv idoolqj dw dq lqfuhdvlqj udwh

lq � +ru *,1

Lq vxp= Lpsuryhg surgxfw frpsdudelolw| zloo ghfuhdvh wkh sduwldoo| frooxvlyh

sulfh s��+�> �, iru orz ydoxhv ri � dqg �/ exw zloo lqfuhdvh s�� zkhq wkh glvfrxqw

udwh lv lqwhuphgldwh lq vl}h +ehwzhhq 318 dqg �+�,, dqg � lv vx!flhqwo| kljk1

Wkxv/ lpsuryhg fkdudfwhulvwlfv wudqvsduhqf| pd| uhvxow lq kljkhu sulfhv li wkh

flufxpvwdqfhv duh uljkw1

7161 Kduvkhu sxqlvkphqwv

Ohw xv eulh | frqvlghu rswlpdo v|pphwulf shqdo frghv lq wkh vhqvh ri Deuhx +4<;9/

4<;;,1 Zh vwxg| zkhwkhu wkh shuihfwo| frooxvlyh sulfh s� lv vxvwdlqdeoh e| wkh

iroorzlqj w|sh ri shqdo frgh1 Li d ghyldwlrq lv ghwhfwhg lq dq| shulrg/ wkhq �upv

vzlwfk wr vrph sxqlvkphqw sulfh s� lq wkh qh{w shulrg1 Wkhq/ li erwk sod| s� /

wkh �upv lpphgldwho| vzlwfk edfn wr frooxvlyh sod| s� 1 Rwkhuzlvh/ �upv frqwlqxh

wr vhw s� xqwlo erwk delgh vlpxowdqhrxvo|/ diwhu zklfk wkh| vzlwfk edfn wr s� 1

Wr pdnh vhqvh ri wklv/ zh qhhg vrph ixuwkhu qrwdwlrq147 Iluvw/ zh jhqhudoo|

gh�qh ehvw ghyldwlrq sd|r�v1 Vxssrvh �up 4 h{shfwv wkh ulydo wr sod| vrph sulfh
s2 @ s1 Wkhq/ li �up 4 sod|v d vwdwlf ehvw uhvsrqvh/ lw dwwdlqv sd|r�v �(+s> �,1
Dgdswlqj rxu suhylrxv qrwdwlrq/ wklv lpsolhv �(+s� > �, @ �(+�,1 Vlploduo|/ ohw

�(+s� > �, eh wkh sd|r� wr d �up wkdw sod|v d ehvw uhvsrqvh wr s� lq d sxqlvkphqw

shulrg1 Ilqdoo| ghqrwh e| �+s� > �, wkh sd|r�v lq d sxqlvkphqw shulrg zkhuh erwk
delgh1 Wkhq/ iru wkh shqdo frgh deryh wr vxssruw shuihfw frooxvlrq/ wkh iroorzlqj

pxvw krog

�(+s� > �, . ��+s� > �, � +4 . �,�� +714,

dqg

�(+s� > �, . ��+s� > �, � �+s� > �, . ��� +715,

+714, vwdwhv wkdw d ghihfwlrq iurp frooxvlrq iroorzhg e| rqh urxqg ri delglqj e|

wkh sxqlvkphqw lv zhdno| grplqdwhg e| frooxvlrq iru wzr urxqgv1 Vlploduo|/ +715,

vwdwhv wkdw d ghihfwlrq iurp wkh sxqlvkphqw iroorzhg e| rqh urxqg ri delglqj e|

wkh sxqlvkphqw lv grplqdwhg e| rqh urxqg ri delglqj e| wkh sxqlvkphqw iroorzhg

e| rqh urxqg ri frooxvlyh sod|1 Zh uhzulwh wkh uhtxluhphqwv dv

�(+s� > �,� �� � �+�� � �+s� > �,, +716,

47Zh iroorz Odpehuwlql dqg Vdvdnl +4<<<,/ zkr kdyh vwxglhg rswlpdo/ v|pphwulf shqdo frghv

lq d vlplodu vhwwlqj1 Vhh dovr Pûoojddug dqg Ryhujddug +5334,1
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dqg

�
(+s� > �,� �+s� > �, � �+�� � �+s� > �,, +717,

qrwlqj wkdw wkh uljkw0kdqg0vlghv frlqflgh1 Li zh fdq �qg d sulfh s
� +�, dqg d

glvfrxqw idfwru �� +�, zklfk vroyh

�
(+s� > �,� �

� @ �
� +�,+�� � �+s� +�,> �,, +718,

�
(+s� +�,> �,� �+s� +�,> �, @ �

� +�,+�� � �+s� +�,> �,, +719,

wkhq frooxvlrq dw s� fdqqrw eh vxssruwhg iru � ? �
� +�,/ zkloh wkh vlpsoh shqdo

frgh deryh vxssruwv frooxvlrq dw s� zkhq � � �
� +�,148

Li d vroxwlrq h{lvwv/ zh fdq ghulyh wkh orzhu erxqg/ �� +�,/ rq wkh glvfrxqw idf0

wru uhtxluhg wr vxvwdlq shuihfw frooxvlrq e| Deuhx0vw|oh shqdo frghv dqg frpsduh

lw zlwk wkh fulwlfdo glvfrxqw idfwru irxqg zkhq �upv duh uhvwulfwhg wr Qdvk wulj0

jhu vwudwhjlhv/ �+�,1 Uhihuulqj wr Pûoojddug dqg Ryhujddug +5334, iru wkh irupdo

ghwdlov/ zh fdq vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 61 �
� +�, lv frqwlqxrxv dqg prqrwrqlfdoo| lqfuhdvlqj lq �1

Lw wxuqv rxw wkdw �
� +�, $ �

e
iru � $ 3/ dqg �

� +�, $ �

2
dv � $ 41 Khqfh/

li zh hqwhuwdlq wkh dvvxpswlrq wkdw �upv hpsor| v|pphwulf Deuhx0vw|oh shqdo

frghv dqg li wkh dlp ri srolf| lv wr pdnh shuihfw frooxvlrq dv gl!fxow dv srvvleoh/

wkhq wkh rswlpdo ghjuhh ri wudqvsduhqf| lv � @ 41 Lq wklv fdvh zh wkxv frqfoxgh

wkdw wkh ixqgdphqwdo wudgh0r� lv uhvroyhg lq idyrxu ri shuihfw wudqvsduhqf|1 Wkdw

lv/ lq wkh frpsdulvrq ehwzhhq wkh lqfuhdvhg vkruw0whup lqfhqwlyh wr ghihfw dqg

wkh lqfuhdvhg vhyhulw| ri wkh srwhqwldo sxqlvkphqw dv wudqvsduhqf| lqfuhdvhv/ wkh

iruphu grplqdwhv1 Wklv uhvxow lv d forvh frxvlq wr wkh rqh irxqg e| Vfkxow} +5334,

lq klv vwxg| ri sulfh wudqvsduhqf| edvhg rq d uhshdwhg yhuvlrq ri wkh Krwhoolqj

jdph1

7171 Pruh �upv

Iroorzlqj Vshqfh +4<:9d,/ zh fdswxuh wkh fdvh zlwk q �upv e| jhqhudol}lqj wkh

lqyhuvh ghpdqgv ri Vhfwlrq 5 dv iroorzv

s� @ �� �t� � �

[

�� �'�

t� +71:,

Wklv jlyhv ulvh wr gluhfw ghpdqgv ri wkh irup

t� @
4

� . +q� 4,�
+��

� . +q� 5,�

� � �
s� .

�

� � �

[

�� �'�

s�, +71;,

48Vhh Deuhx +4<;9,1
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Iru frqvlvwhqf| zlwk wkh gxrsro| fdvh vwxglhg vr idu/ zh vshfldol}h ghpdqg
vrphzkdw1 Zh uhwdlq wkh qrupdol}dwlrq � @ 4/ dqg wr vxssuhvv dq| suhihu0
hqfh ru glv0suhihuhqfh iru +shufhlyhg, ydulhw|/ zh dvvxph ?

qnE?3���
@ 5/ wkdw lv/

� @
�

?3�
+
?
2
��,1 Ilqdoo|/ zh frqwlqxh wr zulwh � @ ��/ zkhuh � 5 ^3> 4, lv wkh phd0

vxuh ri wudqvsduhqf|1 Vroylqj iru � dqg � dv ixqfwlrqv ri � dqg q dqg vxevwlwxwlqj
lqwr wkh ghpdqg ixqfwlrq/ zh rewdlq

t� @
5

q
+4�

4 . +q� 5,�

4� �
s� .

�

4� �

[

�� �'�

s�, +71<,

Kdylqj wkxv fkdqjhg wkh vhw0xs wr dffrxqw iru wkh jhqhudo roljrsro| fdvh/
wkh vwxg| ri wkh uhodwlrqvkls ehwzhhq wkh qxpehu ri �upv/ wkh phdvxuh ri wudqv0
sduhqf| dqg wkh vfrsh iru wdflw frooxvlrq lq wkh g|qdplf jdph lv odujho| d pdwwhu
ri uhsolfdwlqj dqg vxlwdeo| h{whqglqj wkh dujxphqwv iru wkh gxrsro| fdvh1 Wr vdyh
rq vsdfh dqg vsduh wkh uhdghu/ zh uhihu wr Pûoojddug dqg Ryhujddug +5334, iru
wkh uhohydqw ghwdlov1 Khuh zh mxvw suhvhqw d ihz hohphqwv ri wkh dqdo|vlv dqg wkh
pdlq frqfoxvlrqv1

Vwdwlf Qdvk

Ilup l fkrrvhv s� wr pd{lpl}h

��+s�> s3�> �, @
5

q
s�+4�

4 . +q� 5,�

4� �
s� .

�

4� �

[

�� �'�

s�, +7143,

zkhuh s3� @ +s�> = = = > s�3�> s�n�> = = = > s?,1 Wkh ehvw uhvsrqvh ri �up l wr s3� lv
49

EU�+s3�, @
+4� �, . �

S
�� �'� s�

5+4 . +q� 5,�,
+7144,

Wkh vwdwlf Ehuwudqg0Qdvk htxloleulxp sulfhv/ +s�
�
> s

�
2
> = = = > s

�
? ,/ duh

s
�
�

@ s
�
2

@ = = = @ s
�
? @ s

�
+�> q, @

4� �

5� � . +q� 5,�
+7145,

s
�
+�> q, lv ghfuhdvlqj lq q dqg s

�
+�> q, $ 3 dv q $ 41 Ixuwkhu/ iru hyhu|

q/ s� +�> q, $
�

2
iru � $ 3 dqg s

�
+�> q, $ 3 iru � $ 41 Khqfh/ wkh +vwdwlf,

htxloleulxp sulfh frqyhujhv wr wkh frpshwlwlyh olplw dv hlwkhu wkh qxpehu ri �upv
lqfuhdvhv zlwkrxw erxqg ru wkh pdunhw ehfrphv shuihfwo| wudqvsduhqw1 Sur�wv

49Dv lq wkh gxrsro| fdvh wklv ljqruhv wkh qrq0qhjdwlylw| frqvwudlqwv rq lqglylgxdo txdqwlwlhv1

Wklv lv ghdow zlwk lq Pûoojddug dqg Ryhujddug +5334,1
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duh �
� +�> q, @ 2

?
�
E�3w�E�nE?32�w�

E23wnE?32�w�2
/ zklfk lv vwulfwo| ghfuhdvlqj lq wkh phdvxuh ri

wudqvsduhqf|1

Frooxvlrq

Frooxglqj �upv vhw sulfhv/ +s�� > s
�
2 > = = = > s

�
? ,/ wr vroyh

pd{
R�cR2c���cR?

i

?[
�'�

��+s�> s3�> �,j

dqg zh rewdlq

s
�
� @ s

�
2 @ = = = @ s

�
? @ s

� @
4

5

zklfk lv lqghshqghqw ri q dqg � dv �uhtxluhg�1 Wkh lqglylgxdo frooxvlyh sur�wv/

�
�+q, @ �

2?
/ duh lqghshqghqw ri � dqg ghfuhdvlqj lq q/ zkloh wkh wrwdo frooxvlyh

sur�wv/ q��+q, @ �
2
/ duh lqghshqghqw ri erwk � dqg q1

Ehvw ghyldwlrq

Wr ghulyh wkh ehvw ghyldwlrq iurp frooxvlyh sod|/ zh vxssrvh �up 4 dqwlflsdwhv

doo wkh rwkhu �upv wr vhw wkh shuihfwo| frooxvlyh sulfh s
� 1 Ohw s(+�> q, ghqrwh wkh

ehvw uhvsrqvh wr s
� jlyhq wkh phdvxuh ri wudqvsduhqf| dqg wkh qxpehu ri �upv

dqg gh�qh �
W+q, � ?3�nE?23��

�

2

�?3D
/ q 5 Q q i4j1 Wkhq whglrxv dojheud uhyhdov wkdw

wkh ehvw uhvsrqvh lv

s
(+�> q, @

+
�
2
�

wE?3��
eE�nE?32�w�

li � � �
W+q,

�
2
�

�3w
2w

li � � �
W+q,

zklfk jhqhudol}hv +5148,1 �
W+q, lv vwulfwo| ghfuhdvlqj lq q/ zkloh �

W+q, $ 2
�
iru

q $ 4 dqg �
W+5, @ +6,

�

2 � 41 Khqfh/ �W+q, 5 +2� > +6,
�

2 � 4`/ ;q1 Qrwh dovr wkdw

s
(+�> q, lv frqwlqxrxv lq �/ s(+�> q,$ �

2
iru �$ 3/ s(+�> q,$ �

2
iru � $ 4/ dqg

s
(+�> q, ? �

2
iru doo � 5 +3> 4,1 Khqfh/ dv lq wkh gxrsro| fdvh/ wkh ehvw ghyldwlrq lv

qrq0prqrwrqlf lq wudqvsduhqf|1 Ilqdoo|/ zlwk q �upv/ wkh vwdwlf ehvw uhvsrqvh e|

�up 4 wr frooxvlyh sod| uhqghuv doo wkh ulydov lqdfwlyh li wkh pdunhw lv vx!flhqwo|

wudqvsduhqw/ � � �
W+q,/ zkloh wkh ulydov uhpdlq dfwlyh li � ? �

W+q,1
Wr frpsohwh/ zh qrwh wkdw wkh ghyldwlrq sd|r�v duh

�
(+�> q, @

+
E23wnE?32�w�2

H?E�3w�E�nE?32�w�
li � � �

W+q,
E�nE?3��w�E2w3��

2?w2
li � � �

W+q,
+7146,

zkhuh �
(+�> q, $ �

2
iru � $ 4 dqg �

(+�> q, $ �
2?

iru � $ 31 Ixuwkhupruh/

�
(+�> q, lv frqwlqxrxv lq �/ dqg

YZ(Ewc?�
Yw

A 3/ ;� 9@ �
W+q,1 Lw iroorzv wkdw �(+�> q,/
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khqfh/ wkh whpswdwlrq wr fkhdw/ lv prqrwrqlfdoo| lqfuhdvlqj lq wkh phdvxuh ri

wudqvsduhqf|1

Wkh uhshdwhg jdph dqg Qdvk wkuhdwv

Ohw G+�> q, � ��+q,� �� +�> q, dqg W +�> q, � �(+�> q,� ��+q,1 Zkhq �upv

duh uhvwulfwhg wr Qdvk wuljjhu0vwudwhjlhv/ ixoo frooxvlrq lv vxvwdlqdeoh li dqg rqo| li

wkh frpprq glvfrxqw idfwru vdwlv�hv

� � �+�> q, @
W +�> q,

W +�> q, .G+�> q,
+7147,

Wklv fulwlfdo glvfrxqw idfwru/ �+�> q,/ lv frqwlqxrxv lq � dqg gl�huhqwldeoh hy0

hu|zkhuh h{fhsw dw � @ �W+q,1 Dv d �qdo slhfh ri qrwdwlrq/ ohw !+�> q, �

+q2�47q.54,�2.;+q� 6,�.; dqg ohw �WW+q, � pd{i� m !+�> q, @ 3j zkhqhyhu
d vroxwlrq wr !+�> q, @ 3 h{lvwv1 Wkhq/ zkhqhyhu �WW+q, lv lq wkh xqlw lqwhuydo/ wkh

uhtxluhg glvfrxqw idfwru lv pd{lpl{hg dw � @ �WW+q,/ wkdw lv/ wkh rswlpdo ghjuhh
ri wudqvsduhqf| lv lqwhulru1 Zkhqhyhu �WW+q, A 4/ wkh uhtxluhg glvfrxqw idfwru lv

lqfuhdvlqj lq wkh phdvxuh ri wudqvsduhqf| rq wkh dgplvvleoh udqjh/ dqg lq wklv

fdvh wkh rswlpdo ghjuhh ri wudqvsduhqf| lv ixoo wudqvsduhqf|1

AIurp wkh gh�qlwlrq ri �WW+q,/ lw lv lpphgldwh wkdw �WW+q, ? 4 iru q @ 5> 6> 7/
dqg �WW+8, @ 41 Khqfh/ wkh rswlpdo ghjuhh ri wudqvsduhqf| idoov vkruw ri shuihfw

wudqvsduhqf|/ li wkh qxpehu ri �upv lv ohvv wkdq �yh1 Zh fdq vxppdul}h dv

iroorzv=

Qxpehu ri �upv 5 6 7 8 9 = = =

Rswlpdo ghjuhh ri wudqvsduhqf| 3=:: 3=;5 3=;< 4 4 = = =

Dowhuqdwlyho|/ zh frxog sdudskudvh Vhowhq +4<:6, dv iroorzv= Iurp wkh srlqw ri

ylhz ri rswlpdo fkdudfwhulvwlfv wudqvsduhqf|/ irxu �upv duh ihz zkloh vl{ duh pdq|$

Wr wkh h{whqw wkdw wkh odwwhu w|sh ri uhvxow lv uhdvrqdeo| urexvw/ lw lv ri lpph0

gldwh uhohydqfh iru srolf| glvfxvvlrqv1 Vxssrvh/ k|srwkhwlfdoo|/ wkdw wkh uhohydqw

dqwlwuxvw dxwkrulw| kdv wkh uhtxlvlwh lqirupdwlrq rq wkh xqghuo|lqj frqvxphu gh0

pdqg/ wkh qdwxuh ri wkh frqvxphu xqfhuwdlqw| dv wr wkh vxevwlwxwdelolw| ri wkh

dydlodeoh jrrgv +yl}1 lqvxudqfh srolflhv, dqg wkh qhfhvvdu| lqvwuxphqwv wr wxqh

pdunhwv wudqvsduhqf| wr wkh ghvluhg ohyho1 Wkhq wkh rswlpdo srolf| ghshqgv gho0

lfdwho| rq wkh �qh ghwdlov ri frqvxphu suhihuhqfhv dqg wkh qxpehu ri �upv lq dq

lqgxvwu|1 Dprqj rwkhu wklqjv/ wkh djhqf| pljkw kdyh wr dgmxvw wkh lqvwuxphqw

iroorzlqj hqwu| lqwr ru h{lw iurp dq lqgxvwu|1

Rq wkh pruh uhdvrqdeoh dvvxpswlrq wkdw wkh dxwkrulw| lv rqo| deoh wr fkdqjh

wkh ghjuhh ri pdunhw wudqvsduhqf| lq d udwkhu fuxgh dqg lpsuhflvh zd|/ wkhq wkh

srolf| dgylfh ehfrphv udwkhu pruh dpeljxrxv1 Zkhq wkh qxpehu ri �upv lq

dq lqgxvwu| lv odujh/ lqfuhdvhv lq wudqvsduhqf| duh olnho| wr pdnh wdflw frooxvlrq
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kdughu wr vxvwdlq iru wkh �upv1 Zkhq wkh qxpehu ri �upv lv vpdoo/ wkh h�hfwv ri

lqfuhdvhv lq wudqvsduhqf| rq wkh vfrsh iru wdflw frooxvlrq duh xqfohdu1 Li pdunhw

wudqvsduhqf| lv lqlwldoo| yhu| srru/ wkhq lqfuhdvhv duh olnho| wr olplw wkh vfrsh

iru roljrsrolvwlf frruglqdwlrq/ exw li wudqvsduhqf| lv douhdg| kljk/ wkhq ixuwkhu

lqfuhdvhv pljkw dfwxdoo| vhuyh wr idflolwdwh frooxvlrq1 Li fkdqjhv lq wudqvsduhqf|

dovr d�hfw wkh lqirupdwlrq ri �upv gluhfwo| dv frqvlghuhg lq Vhfwlrq 6/ wkhq wkh

dpeljxlw| orrnv hyhq ohvv idyrxudeoh1

&� "���
� 	������ �
��
� �
� �'(��
� 	��
�����

�

Dv vxjjhvwhg e| wkh irupdo uhvxowv vxuyh|hg deryh/ wkh h�hfwv ri lqfuhdvhg pdunhw

wudqvsduhqf| rq frpshwlwlrq dqg pdunhw h!flhqf| duh vrphzkdw dpeljxrxv dqg

ghshqg rq wkh vshfl�fv ri d jlyhq fdvh1 Wr vxppdul}h yhu| urxjko|/ zh frqfoxgh

wkdw lpsuryhg lqirupdwlrq  rzv ehwzhhq �upv kdyh d fohdu srwhqwldo wr idflolwdwh

frooxvlrq dqg gdpshq sulfh frpshwlwlrq lq d g|qdplf vhwwlqj1 Lpsuryhg lqiru0

pdwlrq  rzlqj wr frqvxphuv vhhpv wr kdyh udwkhu dpeljxrxv h�hfwv= Li pdunhw

ehkdylru lv odujho| p|rslf/ wkhq lqfuhdvhg wudqvsduhqf| lv olnho| wr lqwhqvli| sulfh

frpshwlwlrq1 Krzhyhu li �upv/ lq sduwlfxodu/ duh iruzdug0orrnlqj/ wkhq lqfuhdvhg

frqvxphu vhqvlwlylw| wr sulfhv pd| ru pd| qrw idflolwdwh frooxvlrq1

Lq sdvvlqj/ zh vkrxog qrwh wkdw rxu prgho doorzv iru dqdo|vhv ri wudqvsduhqf|

�sdfndjhv�= Li dq hqirufhphqw djhqf| ru dq rqolqh h{fkdqjh doorzv iru ehwwhu

frpsdulvrq ri surgxfwv dv zhoo dv pruh suhflvh dqg wlpho| sulfh lqirupdwlrq/ wklv

pd| eh dqdo|vhg dv d vlpxowdqhrxv fkdqjh ri �> �> dqg $1 Li � lv orz/ vr wkdw

ixoo frooxvlrq fdqqrw eh vxvwdlqhg/ wkh pd{lpdo vxvwdlqdeoh sulfh s��+�> �> $, lv
olnho| wr lqfuhdvh ehfdxvh ri wkh lpsuryhg sulfh wudqvsduhqf| +wkh gluhfw h�hfw,

exw wr idoo ehfdxvh ri lpsuryhg frpsdudelolw| ri surgxfwv +wkh lqgluhfw h�hfw,14:

Krzhyhu/ li fkdudfwhulvwlfv wudqvsduhqf| lv douhdg| jrrg +� lv odujh,/ wkhq doo wkuhh

yduldeohv zloo frqwulexwh wr d kljkhu s�� 1 Wkxv/ lq roljrsrolvwlf pdunhwv wkdw duh

douhdg| idluo| wudqvsduhqw/ wkh dxwkrulw| vkrxog eh sduwlfxoduo| zdu| ri ixuwkhu

lpsuryhphqwv ri wudqvsduhqf| � eh wkh| edvhg rq rqolqh ru r�0olqh whfkqrorj|1

Lq dfwxdo fdvhv/ zh zloo w|slfdoo| kdyh wr dgg wr wkh h�hfwv vwxglhg deryh wkdw

lpsuryhg wudqvsduhqf| iurp wkh shuvshfwlyh ri frqvxphuv hfrqrpl}hv rq vhdufk

frvwv +lw eulqjv grzq wkh h�hfwlyh sulfh idfhg e| srwhqwldo fxvwrphuv dw gl�huhqw

rxwohwv,/ zklfk lq lwvhoi zloo frqwulexwh srvlwlyho| wr pdunhw h�hflhqf|1 Wklv h�hfw

lv riwhq kdlohg dv wkh pdlq ehqh�w ri wkh Lqwhuqhw +yl}1 frpsdulvrq vkrsslqj dqg

rqolqh dxfwlrqv2h{fkdqjhv,1 Ehorz zh zloo wu| wr eulh | glvfxvv vrph sudfwlfdo

fdvhv dqg lvvxhv wkdw frqiurqw sxeolf djhqflhv lq uhodwlrq wr pdunhw wudqvsduhqf|

dqg lqirupdwlrq glvvhplqdwlrq1 Zkloh zh vwduw rxw zlwk dq h{dpsoh iurp wkh

4:
Vhh vhfwlrq 6161

5:



eulfnv0dqg0pruwdu hfrqrp|/ zh vkdoo pdlqo| uhodwh wkh glvfxvvlrq wr �qhz� lvvxhv

udlvhg e| wkh jurzwk ri rqolqh pdunhwv dqg h{fkdqjhv1

Wr prwlydwh wkh srolf| glvfxvvlrq/ zh vkdoo frpphqw rq d yhu| frqfuhwh fdvh

zklfk zh kdyh suhvhqwhg pruh ixoo| hovhzkhuh +vhh Doeén/ Pûoojddug dqg Ryhu0

jddug +4<<:,,1 D ihz |hduv djr/ wkh dqwlwuxvw dxwkrulw| lq Ghqpdun frqfoxghg

wkdw wkh pdunhwv iru uhdg|0pl{hg frqfuhwh vkrzhg vljqv ri zhdn frpshwlwlrq1 Gxh

wr vljql�fdqw wudqvsruwdwlrq frvwv/ pdunhwv iru uhdg|0pl{hg frqfuhwh whqg wr eh

idluo| orfdo lq qdwxuh1 Dovr/ hdfk uhjlrq lv w|slfdoo| vhuyhg e| ohvv wkdq d kdqgixo

ri �upv/ dqg sulflqj lv uhsohwh zlwk h{dpsohv ri vljql�fdqw/ vhfuhw uhedwhv +pdlqo|

iru odujh rughuv,1 Wr wkh h{whqw wkdw dfwxdo sulfhv iru vshfl�f gholyhulhv zhuh wux0

ho| vhfuhw ehwzhhq wkh ex|hu dqg wkh vxssolhu/ wkhvh pdunhwv pljkw eh vdlg wr

eh qrq0wudqvsduhqw1 Edvhg rq wklv/ wkh dxwkrulw| dujxhg wkdw lw zdv gl!fxow iru

ex|huv +exloglqj frqwudfwruv, wr vkrs durxqg iru edujdlq sulfhv/ dqg li wkh sulflqj

lq wkh lqgxvwu| frxog eh pdgh pruh wudqvsduhqw/4; wkhq �upv zrxog eh irufhg wr

frpshwh pruh yljrxurxvo| iru fxvwrphuv1

Jlyhq wkh wkhruhwlfdo prghoolqj deryh/ wkh dujxphqwv ri wkh dqwlwuxvw dx0

wkrulw| frxog eh prwlydwhg lq rqh ri wzr zd|v1 Iluvw/ li pdunhw sduwlflsdqwv duh

dvvxphg wr eh idluo| p|rslf/ wkhq lqfuhdvhg sulfh wudqvsduhqf| iurp wkh srlqw

ri frqvxphuv vkrxog lqwhqvli| sulfh frpshwlwlrq dv lq wkh vwdwlf Ehuwudqg0vw|oh

prghov frqvlghuhg deryh1 Vhfrqg/ wkh dxwkrulw| pljkw eh voljkwo| pruh vrsklv0

wlfdwhg dqg uhdol}h wkdw lpsuryhg sulfh wudqvsduhqf| iurp wkh srlqw ri ylhz ri

srwhqwldo fxvwrphuv lqyroyhv d wudgh0r� zkhq �upv duh iruzdug orrnlqj/ exw wkdw

iurp wkh shuvshfwlyh ri g|qdplf sulfh frpshwlwlrq wklv wudgh0r� lv uhvroyhg lq

idyrxu ri wudqvsduhqf|14< Rq hlwkhu ri wkhvh dujxphqwv/ lpsuryhg sulfh wudqv0

sduhqf| pljkw uhdvrqdeo| eh h{shfwhg wr lqwhqvli| g|qdplf sulfh frpshwlwlrq lq

wkh pdunhwv iru uhdg|0pl{hg frqfuhwh1

Dw dq| udwh/ wkh dxwkrulw| ghflghg wr vdpsoh dqg uhjxoduo| sxeolvk �up0

vshfl�f dyhudjh sulfhv dqg odujhvw glvfrxqwv lq wkuhh uhjlrqv1 Lq rqh uhjlrq/ wkh

sulfhv ri doo �upv zhuh vdpsohg1 Iroorzlqj wkh sxeolfdwlrq ri wkhvh gdwd/ dyhudjh

sulfhv lq wklv uhjlrq lqfuhdvhg e| derxw 53 shufhqw zlwklq vl{ prqwkv1 Wklv zdv

lq d vlwxdwlrq zkhuh wkh sulfhv ri udz pdwhuldov +qrwdeo| fhphqw/ hqhuj| dqg

oderxu, uhpdlqhg frqvwdqw dqg wkhuh zdv h{fhvv fdsdflw| lq wkh vhfwru1 Wkxv/ lw

lv gl!fxow wr vhh zk| sulfhv vkrxog jr xs lq wklv uhjlrq dorqh � li qrw iru uhdvrqv

4;
Lq wklv lqgxvwu| jrrgv duh frpsohwho| vwdqgdugl}hg/ lq wkh vhqvh wkdw wkh ex|hu ghpdqgv d

sduwlfxodu judgh ri frqfuhwh1 Wkxv/ lq wklv fdvh wkhuh grhv qrw vhhp wr eh dq| phdqlqjixo vfrsh

iru ex|hu frqixvlrq dv wr wkh fkdudfwhulvwlfv ri surgxfwv iurp gl�huhqw vxssolhuv1
4<
Wkh dxwkrulw| frxog kdyh uhdvrqhg dorqj wkh olqhv ri wkh prghoolqj lq Vfkxow} +5334,1

Vfkxow}*v prghoolqj lv edvhg rq dq xqghuo|lqj Krwhoolqj0iudphzrun wkdw pljkw fdswxuh fhq0

wudo hohphqwv ri uhjlrqdo pdunhwv iru uhdg|0pl{hg frqfuhwh1 Iru d ghvfulswlrq ri wkh pdunhwv/ vhh

Doeén/ Pûoojddug dqg Ryhujddug +4<<:,1

5;



ri lpsuryhg sulfh wudqvsduhqf|= Zh dujxh wkdw lq wklv lqgxvwu|/ fkdudfwhulvhg

e| oxps| rughuv/ wkh h�hfw ri wkh sxeolfdwlrq ri �up0vshfl�f sulfh gdwd zdv wr

ghfuhdvh wkh ghwhfwlrq odj dqg2ru lqfuhdvh wkh suredelolw| ri ghwhfwlrq1 Lw lv wkhq

frqvlvwhqw zlwk rxu glvfxvvlrq ri sduwldo frooxvlrq wkdw zkhq wkh glvfrxqw idfwru

lv vxfk wkdw ixoo frooxvlrq fdqqrw eh vxvwdlqhg/ wkh pd{lpdo vxvwdlqdeoh sulfh

zloo lqfuhdvh/ li wkh suredelolw| ri ghwhfwlrq jrhv xs dqg2ru wkh ghwhfwlrq odj lv

vkruwhqhg1 E| ljqrulqj wkh gluhfw h�hfw ri sulfh wudqvsduhqf|/ wkh dxwkrulw| pd|

wkxv kdyh idflolwdwhg frooxvlrq$

Wudqvsduhqf| Rqolqh

Wkdw lpsuryhg pdunhw wudqvsduhqf| lq wkh rqolqh hfrqrp| lqyroyhv d ixqgd0

phqwdo wudgh0r� lv lqfuhdvlqjo| ehlqj uhdol}hg e| +dw ohdvw vrph, dqwlwuxvw hqirufh0

phqw djhqflhv1 Lq uhodwlrq wr rqolqh E5E h{fkdqjhv/ IWF Frpplvvlrqhu Ruvrq

Vzlqgoh kdv uhfhqwo| uhpdunhg wkdw �111 lw lv fohdu wkdw zkloh d E5E h{fkdqjh fdq

eh yhu| surfrpshwlwlyh/ vxfk dq duudqjhphqw fdq dovr jlyh ulvh wr dqwlfrpshwlwlyh

lqirupdwlrq0vkdulqj dprqj dfwxdo ru srwhqwldo frpshwlwruv1 Wklv fdq lqfuhdvh

wkh olnholkrrg ri frooxvlrq rq sulfh/ rxwsxw/ ru rwkhu frpshwlwlyh yduldeohv/ wr

wkh ghwulphqw ri frpshwlwlrq dqg frqvxphuv1 Hdvh ri dffhvv wr frpprq frvw ru

sulflqj lqirupdwlrq yld zhevlwhv frxog lqfuhdvh vhoohuv* lqfhqwlyhv dqg delolw| wr

frooxgh� +kwws=22zzz1iwf1jry2vshhfkhv2vzlqgoh2sulqfhwrqfoxe5n1kwp,153

Rq d uhodwhg qrwh/ wkh HX Frpplvlrq kdv uhfhqwo| h{suhvvhg vrph grxewv dv

wr wkh eohvvlqjv ri pdunhw wudqvsduhqf|1 Lq d sxeolf uhpdun rq hphujlqj Lqwhuqhw

h{fkdqjhv/ wkh Frpplvlrqhu iru Frpshwlwlrq/ Pdulr Prqwl/ qrwhg wkdw �111^z`khq

h{dplqlqj wkh dqdwrp| ri fduwhov/ zh pxvw111wdnh lqwr dffrxqw wkh lpsdfw ri 111qhz

whfkqrorjlhv1 111^L`q vrph fdvhv frooxvlrq lv idflolwdwhg e| qhz whfkqrorjlhv wkdw

doorz iru udslg glvvhplqdwlrq ri lqirupdwlrq dqg fuhdwh pruh wudqvsduhqf| lq wkh

pdunhw� +vhh Prqwl +5334/ s1 49,,1

Wkh Gdqlvk Frpshwlwlrq Dxwkrulw| +GFD, kdv iroorzhg vxlw lq d uhfhqw sxeolf

vwdwhphqw +vhh GFD +5334,,1 Lq wkdw vwdwhphqw/ lw lv uhdol}hg wkdw lq uhodwlrq

wr E5E h{fkdqjhv wkhuh duh vhyhudo lvvxhv ri srwhqwldo frqfhuq wr wkh djhqf|1

Wkhvh lqfoxgh zkr rujdql}hv wkh h{fkdqjh/ zklfk slhfhv ri lqirupdwlrq duh pdgh

dydlodeoh/ dqg zkr kdv dffhvv wr hqwhu dqg h{wudfw lqirupdwlrq iurp d jlyhq vlwh1 Lw

lv vshfl�fdoo| qrwhg wkdw wkh lqfuhdvhg wudqvsduhqf| +rq sulfhv dqg fkdudfwhulvwlfv,

dvvrfldwhg zlwk dq rqolqh h{fkdqjh pd| qrw eh lqwhqghg wr vwl"h frpshwlwlrq1

Rq wkh frqwudu|/ lw pd| eh lqwhqghg wr idflolwdwh frpsdulvrq vkrsslqj1 Exw/ lq

dfwxdo fdvhv wkh xowlpdwh h�hfw pd| eh wr idflolwdwh wdflw frooxvlrq154

53
D pruh jhqhudo vwdwhphqw ri srwhqwldo Dphulfdq dqwlwuxvw frqfhuqv lq uhodwlrq wr

lqirupdwlrq0vkdulqj dqg lpsuryhg wudqvsduhqf| wkurxjk E5E h{fkdqjhv fdq eh irxqg lq IWF

+5333,1
54
Qrwh/ wkrxjk/ wkdw wkh r!fldo Gdqlvk dwwlwxgh wrzdugv pdunhwv wudqvsduhqf| uhpdlqv vrph0
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Wkhvh frpphqwv duh wrr devwudfw dqg jhqhudo wr surylgh dq| jxlgholqh iru df0

wxdo dqwlwuxvw sudfwlfh ylv d ylv rqolqh lqvwlwxwlrqv1 Wklv pd|/ ri frxuvh/ uh hfw rxu

olplwhg xqghuvwdqglqj dw wkh fxuuhqw vwdjh ri wkh zrunlqj ri h0frpphufh dqg rq0

olqh wudglqj1 Krzhyhu/ frqfhuqv olnh wkrvh udlvhg deryh kdyh jhqhudwhg d uhqhzhg

lqwhuhvw dprqj dfdghplfv dqg dqwlwuxvw sudfwlrqhuv lq lqirupdwlrq vkdulqj dqg

pdunhw wudqvsduhqf|1 Wkh XV Ihghudo Wudgh Frpplvvlrq kdv lvvxhg d uhsruw rq

hohfwurqlf E5E pdunhw sodfhv +vhh IWF +5333,, dqg wkh XN R!fh ri Idlu Wudglqj

kdv lvvxhg d uhsruw rq h0frpphufh +vhh Iurqwlhu Hfrqrplfv +5333,,1 Vlploduo|/

lq wkh dfdghplf olwhudwxuh/ vhyhudo sdshuv kdyh uhfhqwo| ghdow zlwk lqirupdwlrq

glvvhplqdwlrq dqg pdunhw wudqvsduhqf| lq uhodwlrq wr rqolqh wudglqj dqg lqiru0

pdwlrq h{fkdqjhv dqg zlwk wkh fkdoohqjhv wkh| udlvh iru dqwlwuxvw hqirufhphqw

+vhh h1j1 Nÿkq +5334, dqg Kdoolgd| dqg Vhdeuljkw +5334,,1 Wkhvh frqwulexwlrqv

odujho| vhhp wr djuhh wkdw wkh fkdoohqjhv udlvhg duh qrw frqfhswxdoo| qhz/ exw

wkdw dqwlwuxvw kdv wr nhhs d sduwlfxoduo| nhhq h|h rq fhuwdlq rqolqh dfwlylwlhv1

Nÿkq +5334, zklfk exlogv h{whqvlyho| rq Nÿkq dqg Ylyhv +4<<8, lv qrw h{fox0

vlyho|/ ru hyhq pdlqo|/ frqfhuqhg zlwk h0frpphufh dqg rqolqh h{fkdqjh1 Lqvwhdg/

wkh irfxv lv rq hvwdeolvklqj vrph jhqhudo jxlgholqhv iru �jkwlqj frooxvlrq wkdw uh0

olhv khdylo| rq wkh uhjxodwlrq ri wkh h{fkdqjh ri lqirupdwlrq ehwzhhq �upv155 Dv

vxfk lw lv ri jhqhudo uhohydqfh iru wkh glvfxvvlrq lq wklv sdshu1 Pruh vshfl�fdoo|/ lw

lv ri lqwhuhvw khuh vlqfh Kdoolgd| dqg Vhdeuljkw +5334,/ zkr duh pdlqo| frqfhuqhg

zlwk dqwlwuxvw dqg uhjxodwlrq lq wkh rqolqh hfrqrp|/ wdnh lvvxh zlwk vrph ri wkh

jhqhudo sulqflsohv h{srxqghg e| Nÿkq1 Urxjko|/ Nÿkq vxjjhvwv wkdw frooxvlrq

vkrxog eh irxjkw e| uhjxodwlqj wkh lqirupdwlrq �upv duh doorzhg wr h{fkdqjh/

dqg rq lghqwli|lqj fhuwdlq nlqgv ri lqirupdwlrq h{fkdqjh dv vljqv ru hylghqfh ri

frooxvlrq1 Wkh irfxv ri Nÿkq dv zhoo dv Nÿkq dqg Ylyhv +4<<8, lv rq wkh frqwhqw

ri wkh lqirupdwlrq h{fkdqjhg1 Iurp wkh frqwhqw ri wkh lqirupdwlrq h{fkdqjhg

ru sxeolfl}hg/ wkh dqwlwuxvw hqirufhphqw djhqf| vkrxog dvvhvv zkhwkhu wklv lqiru0

pdwlrq frxog srvvleo| +ru suhgrplqdqwo|, vhuyh d vrfldoo| ehqh�fldo hqg +vxfk

zkdw xqfohdu1 Iroorzlqj d orqj wudglwlrq ri frqvlghulqj wudqvsduhqf| dv d pdlq lqvwuxphqw ri

dqwlwuxvw +vhh Doeén/ Pûoojddug dqg Ryhujddug +4<<9/ 4<<;,, wkh Gdqlvk Plqlvwu| ri Wudgh dqg

Lqgxvwu| +4<<</ s1 <, erogo| dvvhuwv wkdw �111 wkh prvw h�hfwlyh phdqv ri jhqhudwlqj lqwhqvlyh

frpshwlwlrq lv 111 riwhq qrw wkh frqfuhwh phdvxuhv ri wkh frpshwlwlrq dxwkrulwlhv/ exw wr jlyh

frqvxphuv lqirupdwlrq/ vr wkdw wkh| pd| fkrrvh wkh ehvw dqg fkhdshvw surgxfwv� +rxu wudqv0

odwlrq,1 Wr wklv hqg/ lw kdv sursrvhg pruh sulfh vxuyh|v dqg wkh hvwdeolvkphqw ri d zhe0edvhg

frqvxphu gdwd edqn lq zklfk �upv +dqg rwkhuv, pd| hqwhu uholdeoh dqg fhuwl�deoh lqirupdwlrq

rq sulfhv dqg surgxfw fkdudfwhulvwlfv1 Wklv/ ri frxuvh/ pljkw frqvwlwxwh d jryhuqphqw0vsrqvruhg

dqg/ wkxv shukdsv/ fuhgleoh lqirupdwlrq h{fkdqjh ehwzhhq frpshwlqj �upv$
55
Wklv vkrxog eh frqwudvwhg zlwk d pruh wudglwlrqdo dssurdfk wkdw uholhv rq lqihuulqj frooxvlrq

iurp revhuyhg sulflqj ehkdylrxu1 D pdlq sureohp lq wkdw dssurdfk lv rqh ri lghqwl�fdwlrq/ lq wkh

vhqvh wkdw sulfhv wkdw pljkw lq rqh lqwhusuhwdwlrq eh wdnhq dv dq lqglfdwlrq ri frooxvlrq/ pljkw

xqghu dq dowhuqdwlyh +dqg htxdoo| zhoo0irxqghg, lqwhusuhwdwlrq eh frqvlghuhg kljko| frpshwlwlyh1
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dv doorzlqj srwhqwldo fxvwrphuv wr sodq dqg holplqdwh ulvn, ru zkhwkhu lw odujho|

vhuyhv wr hqdeoh frruglqdwhg sulfh0dgmxvwphqwv +qrq0elqglqj dqqrxqfhphqwv ri

ixwxuh sulfhv,56 ru srolflqj ri d wdflwo| frooxvlyh djuhhphqw +udslg glvvhplqdwlrq

ri �up0vshfl�f lqyrlfh sulfhv dqg rxwsxwv,1

Zkloh suhvxpdeo| djuhhlqj dw d jhqhudo ohyho zlwk wkh irfxv rq lqirupdwlrq

h{fkdqjh lq �jkwlqj frooxvlrq/ Kdoolgd| dqg Vhdeuljkw +5334, h{suhvv vrph vnhs0

wlflvp wrzdugv wkh frqwhqw0edvhg dssurdfk ri Nÿkq dqg Ylyhv1 Lq wkh devwudfw/

wkh| pdnh wkh srlqw wkdw zkdwhyhu wkh frqwhqw ri dq lqirupdwlrq h{fkdqjh/ lw

fdqqrw eh lqwulqvlfdoo| edg1 Zkdw pdwwhuv lv wkh xvh pdgh ri wkh lqirupdwlrq

h{fkdqjhg1 Wklv lv odujho| lq olqh zlwk rxu wkhruhwlfdo prghoolqj= Wkh udslg glv0

vhplqdwlrq ri sulfh lqirupdwlrq pljkw eh h{sorlwhg pdlqo| e| frqvxphuv wr vkrs

durxqg dqg wkhuhe| sxw suhvvxuh rq �upv wr orzhu sulfhv1 Rq wkh rwkhu kdqg/

wkh vdph nlqg ri lqirupdwlrq pljkw eh h{sorlwhg pdlqo| e| �upv wr wlg| xs d

frooxvlyh roljrsro| dfw1

Pruh vshfl�fdoo|/ Kdoolgd| dqg Vhdeuljkw dujxh wkdw dq| dwwhpsw e| dq hq0

irufhphqw djhqf| wr uhjxodwh wkh suhflvh frqwhqw ri d gljlwdo lqirupdwlrq h{fkdqjh

lv d qrq0vwduwhu1 Dq| lqirupdwlrq fdq eh hqfrghg hdvlo| dqg dw orz frvw1 Vlploduo|/

srolflqj frqyhuvdwlrqv lq d sdvvzrug0surwhfwhg fkdw urrp vsrqvruhg e| �upv pd|

suryh gl!fxow1 Wklv shuvshfwlyh lv pluuruhg e| wkh RIW uhsruw +Iurqwlhu Hfr0

qrplfv/ s1 86, zklfk uhpdunv wkdw �111fkdw urrpv zrxog eh yhu| kdug wr prqlwru/

dqg wkh lqirupdwlrq zrxog eh hdv| wr ghohwh hqwluho| iurp wkh fkdw urrp vhuyhu +li

vdyhg lq wkh �uvw sodfh,1�57 D uhodwhg srlqw lv wkdw edqqlqj wkh lqirupdwlrq h{0

fkdqjh ehwzhhq �upv lv ri olwwoh dydlo/ li lqirupdwlrq eurnhuv txlfno| shuirup wkh

vdph wdvn1 Zkdw dxwkrulwlhv vkrxog gr lqvwhdg/ lv wr pdnh vxuh wkdw doo pdunhw

sduwlflsdqwv kdyh dffhvv wr wkh lqirupdwlrq1 Lqgxvwu|0vsrqvruhg h{fkdqjhv pd|

whqg wr ghq| dffhvv wr fxvwrphuv/ zkloh lqghshqghqw h{fkdqjhv pljkw qrw1 Wkh

xsvkrw ri wklv lv wkdw uhjxodwruv vkrxog fduh pruh derxw dffhvv wr dqg rzqhuvkls

56
Dw wklv srlqw uhwdlo jdvrolqh sulfhv vsulqj wr plqg1 Iroorzlqj h{rjhqrxv +B, fkdqjhv lq

zkrohvdoh sulfhv +iurp yduldwlrqv lq h{fkdqjh udwhv ru fuxgh rlo sulfhv,/ lw lv d zlghvsuhdg sudfwlfh

iru rqh �up wr suh0dqqrxqfh d sulfh fkdqjh/ dqg iru wkh uhvw ri wkh lqgxvwu| wr txlfno| iroorz vxlw1

Rqh wkh idfh ri lw/ wklv vhhpv wr eh d fodvvlf h{dpsoh ri dq h{fkdqjh ri lqirupdwlrq rq ixwxuh

lqwhqwlrqv/ zklfk frxog vhuyh d frruglqdwlqj uroh lq d g|qdplf roljrsro| pduuhg e| vwudwhjlf

xqfhuwdlqw| +yl}1 wkh Iron Wkhruhp,1 Zkhwkhu vxfk d �v|vwhp� ri sulfh dgmxvwphqw kdv dq|

uhghhplqj ihdwxuhv/ wkhq ghshqgv rq zkhwkhu wkhuh lv dq| frpplwphqw ylv d ylv fxvwrphuv lq

wkh lqlwldo dqqrxqfhphqw/ ru zkhwkhu lw fdq eh uhfdoohg pruh ru ohvv frvwohvvo|/ li wkh uhvw ri wkh

lqgxvwu| grhv qrw iroorz1 Zh ohdyh wr wkh uhdghu wr pdnh xs klv rzq plqg rq wklv1
57
Nÿkq +5334/ s1 53, wdnh lvvxh zlwk wklv shvvlplvp wrzdugv wkh srolflqj ri frppxqlfdwlrq rq

wkh Lqwhuqhw1 Kh dujxhv wkdw zkloh dftxlulqj dqg glvvhplqdwlqj lqirupdwlrq kdv ehfrph fkhds/

vr kdv wkh ruljlqdo �fuhdwlrq� ri lqirupdwlrq1 Kh dujxhv wkdw hyhq d fduhixo fduwho frqvsludwru

pd| idlo wr holplqdwh doo lqfulplqdwlqj lqirupdwlrq 0 lw lv vlpso| wrr frvwo| wr frpsohwho| ghvwur|

lqirupdwlrq1
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ri dq lqirupdwlrq h{fkdqjh wkdq derxw wkh h{dfw frqwhqw ri wkh lqirupdwlrq ehlqj

h{fkdqjhg1 Dffhvv dqg rzqhuvkls/ ri frxuvh/ sduwldoo| uhyhdo zkrvh lqwhuhvwv zhuh

pdlqo| ehlqj vhuyhg zkhq wkh h{fkdqjh zdv vhw xs1

AIurp wkh shuvshfwlyh ri rxu wkhruhwlfdo prghoolqj/ dq lqirupdwlrq h{fkdqjh

rzqhg dqg rshudwhg e| �upv zklfk ghqlhv dffhvv wr fxvwrphuv vxjjhvwv wkdw �upv

kdyh uhdvrqhg wkdw wkh lqirupdwlrq h{fkdqjhg lq sulydwh idflolwdwhv sulfh frruglqd0

wlrq/ zkloh h{fkdqjlqj wkh lqirupdwlrq lq sxeolf zrxog kdyh ehhq ghwulphqwdo wr

orqj0whup sur�wv1 Rq wkh rwkhu kdqg/ dq lqirupdwlrq h{fkdqjh zklfk doorzv iuhh

dffhvv wr fxvwrphuv pljkw dfwxdoo| vxjjhvw wkdw wkhvh �upv eholhyh wkdw lpsuryhg

wudqvsduhqf| rq wkh frqvxphu vlgh pljkw lpsuryh wkh vfrsh iru wdflw frooxvlrq1

Vr/ iurp d wkhruhwlfdo shuvshfwlyh lw lv qrw qhfhvvdulo| wuxh wkdw xqlyhuvdo dffhvv

lv ehqh�fldo iurp wkh shuvshfwlyh ri g|qdplf frpshwlwlrq158 Lq wkh odwwhu fdvh/

wkh hqirufhphqw djhqflhv zloo kdyh wr ghwhuplqh zkhwkhu forvlqj wkh h{fkdqjh wr

fxvwrphuv ru forvlqj lw dowrjhwkhu lv srvvleoh dqg vrfldoo| rswlpdo1

Wr hqg wklv vhfwlrq/ ohw xv eulh | phqwlrq d frxsoh ri lvvxhv wkdw vkrxog eh ri

sduwlfxodu lqwhuhvw wr dqwlwuxvw hqirufhuv +zh uhihu wkh uhdghu wr IWF +5333, dqg

Iurqwlhu Hfrqrplfv +5333, iru pruh ghwdlov dqg h{dpsohv,1

D uhpdun rq fkdw urrpv1 Zh vkrxog qrwh wkdw wkh lqgxvwu|0vsrqvruhg fkdw

urrpv uhihuuhg wr deryh gr qrw kdyh wr ehdu dq| uhodwlrqvkls wr dq hohfwurqlf

pdunhw h{fkdqjh +E5E ru E5F,1 Wklv pljkw dv zhoo eh hvwdeolvkhg e| wkh wudgh

dvvrfldwlrq ri d yhu| wudglwlrqdo eulfnv0dqg0pruwdu lqgxvwu|1 Lw frxog eh d shu0

ihfwo| ohjlwlpdwh yhqxh iru lqgxvwu| glvfxvvlrqv ri surgxfw vwdqgdugv/ hwf1 Vxfk d

yhqxh/ vxlwdeo| sdvvzrug0surwhfwhg/ pljkw eh d yhu| vdih dowhuqdwlyh wr phhwlqjv

lq d wudgh0frqyhqwlrq krwho urrp wr frruglqdwh sulfh vhwwlqj1 Zh lpdjlqh wkdw

vrph ri wkh +lq,idprxv fduwhov ri wkh odvw fhqwxu| pljkw kdyh ehhq deoh wr sxw

vxfk d fkdw urrp wr �jrrg xvh�1

Wkh lqwhjudwlrq ri rqolqh pdunhwsodfhv dqg lqwhuqdo LW v|vwhpv1 Iurp vwrfn

dqg frpprglw| h{fkdqjhv zh duh xvhg wr wkh qrwlrq ri dxwrpdwhg wudglqj/ zkhuh

d frpsxwhu surjudpph h{hfxwhv wkh vwudwhj| ri d pdunhw sduwlflsdqw1 Lq dq

roljrsrolvwlf lqgxvwu| frpshwlqj lq dq hohfwurqlf rqolqh pdunhwsodfh zlwk frpsohwh

+uhdo wlph, sulfh wudqvsduhqf|/ wkhuh lv d fohdu vfrsh iru sod|huv wr suh0surjudpph

dqg h{hfxwh kljko| frooxvlyh dqg vrsklvwlfdwhg frqwlqjhqw vwudwhjlhv wkdw pljkw

orrn pxfk olnh wkh lghdo wdnhq iurp dq dgydqfhg jdph wkhru| wh{w errn1 Wklv

suhvhqwv dq lpsruwdqw uhjxodwru| fkdoohqjh1

Orz dgmxvwphqw frvwv dqg txlfn uhvsrqvhv1 Dv vxjjhvwhg e| wkh glvfxvvlrq

58Kdoolgd| dqg Vhdeuljkw +5334/ s1 ;8, frphv forvh wr dujxlqj wkdw dq lqirupdwlrq h{fkdqjh

zklfk lv dffhvvleoh wr fxvwrphuv lv qhfhvvdulo| ehqljq +vlqfh lw doorzv frpsdulvrq vkrsslqj,/

zkloh dq h{fkdqjh zklfk lv rsdtxh wr ex|huv zloo eh ghvljqhg rqo| wr lghqwli| ghihfwlrqv iurp

frooxvlyh djuhhphqwv1
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ri ghwhfwlrq odjv/ wdflw frooxvlrq lv idflolwdwhg e| txlfn uhvsrqvhv wr xqlodwhudo

ghihfwlrqv1 D txlfn uhvsrqvh lv reylrxvo| idflolwdwhg e| orz frvwv ri pdnlqj sulfh

fkdqjhv +vrphwlphv uhihuuhg wr dv phqx frvwv/ vhh h1j1 Iurqwlhu Hfrqrplfv +5333/

s1 88,,1 Vxfk orz frvwv ri pdnlqj d sulfh fkdqjh vhhpv wr eh d glvwxlvklqj ihdwxuh

ri pdq| hohfwurqlf pdunhwsodfhv/ zkhuh fkdqjlqj d sulfh lv mxvw d pdwwhu ri w|slqj

d ihz qxpehuv rq d nh|erdug hqg suhvvlqj Hqwhu1

Iurp ghdohu vdohv wr rqolqh dxfwlrqv1 Nohpshuhu +5333, kdv frpphqwhg rq

wkh vdoh ri qhz fduv lq wkh XN1 Lqfoxghg lq wklv lv d shuwlqhqw glvfxvvlrq ri sulfh

wudqvsduhqf| lq wkh frqwh{w ri dxfwlrq wkhru| dssolhg wr Lqwhuqhw0vdohv e| dxfwlrq

yhuvxv wudglwlrqdo ghdohu0vdohv159 Kh dujxhv wkdw Lqwhuqhw0vdohv duh olnh frooxvlrq0

surqh vhfrqg0sulfh dxfwlrqv/ zkloh ghdohu0vdohv duh pruh olnh qrq0wudqvsduhqw �uvw0

sulfh dxfwlrqv qrw doorzlqj ghdohuv wr lqihu ulydov* vhfuhw sulfh fxwv1 Wkh  ls0

vlgh lv/ ri frxuvh/ wkdw Lqwhuqhw0vdohv pd| holplqdwh vljql�fdqw vhdufk frvwv iru

wkh frqvxphuv1 Lw zloo eh lqwhuhvwlqj wr iroorz krz wkhvh/ srvvleo| rssrvlqj/

h�hfwv sod| rxw lq sudfwlfh/ exw iurp d sxuho| wkhruhwlfdo shuvshfwlyh lw lv ohvv

wkdq hqwluho| fohdu wkdw wkhvh Lqwhuqhw fduv vdohv zloo xowlpdwho| ehqh�w frqvxphuv

frpsduhg wr wkh wudglwlrqdo wudglqj lqvwlwxwlrq15:

)� $�

�#��
� *������

Lq wklv sdshu/ zh kdyh vwxglhg wkh lqwhusod| ehwzhhq ydulrxv irupv ri pdunhw

wudqvsduhqf| dqg g|qdplf sulfh frpshwlwlrq lq roljrsro|1 Lpsuryhg wudqvsduhqf|

iurp wkh shuvshfwlyh ri �upv pd| xqghu uhdvrqdeoh dvvxpswlrqv lqfuhdvh wkh

vfrsh iru frooxvlrq/ zkloh lpsuryhg wudqvsduhqf| iurp wkh shuvshfwlyh ri frq0

vxphuv pd| zhoo lqwhqvli| sulfh frpshwlwlrq1 Wkh odwwhu/ krzhyhu/ lv vxemhfw wr

vrph fdyhdwv1 Rq wrs ri wklv/ lpsuryhg wudqvsduhqf| pd| holplqdwh vhdufk frvwv/

sulpdulo| rq wkh sduw ri frqvxphuv1 Vr/ edvhg sxuho| rq wkhru|/ lw uhpdlqv vrph0

zkdw dpeljxrxv zkhwkhu lpsuryhg pdunhw wudqvsduhqf| lv suhgrplqdqwo| lq wkh

sxeolf lqwhuhvw1 Lpsuryhg pdunhw wudqvsduhqf| pd| eh jrrg ru edg> lw doo ghshqgv

rq wkh ghwdlov ri wkh vshfl�f fdvh xqghu vfuxwlq|1

Wkhuhiruh/ zh kdyh dovr wulhg wr uhodwh wkh wkhruhwlfdo frqvlghudwlrqv wr d udqjh

ri sudfwlfdo sureohpv wkdw frqiurqw uhjxodwruv dqg dqwlwuxvw hqirufhphqw djhqflhv1

Lq wklv zh kdyh pdlqo| irfxvhg rq lvvxhv wkdw vhhp wr eh ri sduwlfxodu uhohydqfh

lq wkh prghuq hohfwurqlf pdunhwsodfh1 Wr wkh h{whqw wkdw wkh prvw glvwlqjxlvklqj

59 Lq wkh Lqwhuqhw dxfwlrq wkh elgghuv duh ghdohuv frpshwlqj wr �oo wkh rughuv pdgh e| fxv0

wrphuv1
5:Dffruglqj wr wkh orjlf ri Kdoolgd| dqg Vhdeuljkw +5334,/ uhjxodwruv vkrxog wdnh d nhhq

lqwhuhvw lq zkr lv rujdql}lqj wkhvh h{fkdqjhv dqg lq zkr kdv dffhvv wr wkh gl�huhqw slhfhv ri

lqirupdwlrq fuhdwhg e| wkh dxfwlrq ghvljq1
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ihdwxuh ri wkh rqolqh hfrqrp| lv wkh udslg glvvhplqdwlrq ri lqirupdwlrq/ wkhq wkh

phvvdjh wr jryhuqphqw djhqflhv lv wkdw wkh| vkrxog doorfdwh vljql�fdqw uhvrxufhv

wr ghyhors d ehwwhu xqghuvwdqglqj ri wkh lqwhudfwlrq ehwzhhq lqirupdwlrq dqg

frpshwlwlrq zlwk d ylhz wr hvwdeolvklqj d frkhuhqw vhw ri srolf| jxlgholqhv1

Uhihuhqfhv

Deuhx/ G1/ 4<;9/ H{wuhpdo Htxloleuld ri Roljrsrolvwlf Vxshujdphv/ Mrxuqdo ri

Hfrqrplf Wkhru| 6<= 4<405581

Deuhx/ G1/ 4<;;/ Rq wkh Wkhru| ri Lq�qlwho| Uhshdwhg Jdphv zlwk Glvfrxqwlqj/

Hfrqrphwulfd 89= 6;606<91

Doeén/ V1/ 4<<3/ Vwdfnhoehuj Ohdghuvkls dv d Qdwxudo Vroxwlrq Xqghu Frvw Xq0

fhuwdlqw|/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv 6;= 668067:1

Doeén/ V1/ dqg O1 Odpehuwlql/ 4<<;/ Frooxvlrq lq Gl�huhqwldwhg Gxrsrolhv Uhylv0

lwhg/ Hfrqrplfv Ohwwhuv 8<= 638063;1

Doeén/ V1/ K1S1 Pûoojddug dqg S1E1 Ryhujddug/ 4<<9/ Odz0Dvvlvwhg FrooxvlrqB

Wkh Wudqvsduhqf| Sulqflsoh lq wkh Gdqlvk Frpshwlwlrq Dfw/ Hxurshdq Frpshwl0

wlrq Odz Uhylhz 4:= 66<06761

Doeén/ V1/ K1S1 Pûoojddug dqg S1E1 Ryhujddug/ 4<<:/ Jryhuqphqw0Dvvlvwhg Roljr0

sro| FrruglqdwlrqB D Frqfuhwh Fdvh/ Mrxuqdo ri Lqgxvwuldo Hfrqrplfv 78= 75<0

7761

Doeén/ V1/ K1S1 Pûoojddug dqg S1E1 Ryhujddug/ 4<<;/ Wkh Gdqlvk Frpshwlwlrq

Dfw dqg Eduulhuv wr Hqwu|/ lq V1 Pduwlq +Hg1, Frpshwlwlrq Srolflhv lq Hxursh/

Qruwk0Kroodqg/ Dpvwhugdp= :804371

Exughww/ N1/ dqg N1O1 Mxgg/ 4<;6/ Htxloleulxp Sulfh Glvshuvlrq/ Hfrqrphwulfd

84= <880<9<1

Fduowrq/ G1Z1/ dqg M1P1 Shuor�/ 4<<7/ Prghuq Lqgxvwuldo Rujdql}dwlrq/ 5qg Hg1/

KdushuFroolqv/ Qhz \run/ Q\1

Gdqlvk Frpshwlwlrq Dxwkrulw|/ 5334/ Ylunrvrpkhghuqhv kdqgho ryhu Lqwhuqhwwhw

+Ilup Wudglqj rq wkh Lqwhuqhw/ lq Gdqlvk,/ NrqnxuuhqfhQ|w/ Dsulo +ydlodeoh rq

kwws=22zzz1nv1gn2sxeolndwlrqhu2nq|w253342372NQ3734b3:1kwp,1

Gdqlvk Plqlvwu| ri Wudgh dqg Lqgxvwu|/ 4<<</ Wéw sè hukyhuyvsrolwlnnhq +Lq0

gxvwuldo Srolf| Xs Forvh/ lq Gdqlvk,/ Frshqkdjhq/ Ghqpdun +dydlodeoh rq kwws=

22zzz1hp1gn2sxeolnd2pdunhgvsro2,1

Ghqhfnhuh/ U1/ 4<;6/ Gxrsro| Vxshujdphv zlwk Surgxfw Gl�huhqwldwlrq/ Hfr0

qrplfv Ohwwhuv 44= 6:0751

Ghqhfnhuh/ U1/ 4<;7/ Fruuljhqgd/ Hfrqrplfv Ohwwhuv 48= 6;806;:1

Gl{lw/ D1/ 4<:</ D Prgho ri Gxrsro| Vxjjhvwlqj d Wkhru| ri Hqwu| Eduulhuv/ Ehoo

Mrxuqdo ri Hfrqrplfv 4<= 530651
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Hoolvrq/ Johqq +4<<7, Wkhrulhv ri Fduwho Vwdelolw| dqg wkh Mrlqw H{hfxwlyh Frp0

plwwhh/ UDQG Mrxuqdo ri Hfrqrplfv 58+4,= 6:08:1

Ihuvkwpdq/ F1/ dqg D1 Ilvkpdq/ 4<<5/ Sulfh F|fohv dqg Errpv= G|qdplf Vhdufk

Htxloleulxp/ Dphulfdq Hfrqrplf Uhylhz ;5= 4554045661

Iulhgpdq/ M1/ 4<;6/ Roljrsro| Wkhru|/ FXS/ Fdpeulgjh/ XN1

Iurqwlhu Hfrqrplfv/ 5333/ H0Frpphufh dqg Lwv Lpsolfdwlrqv iru Frpshwlwlrq Sro0

lf|/ R!fh ri Idlu Wudglqj/ Glvfxvvlrq Sdshu 4/ Orqgrq/ XN/ Dxjxvw +dydlodeoh

rq kwws=22zzz1riw1jry1xn2kwpo2uvhdufk2uhsruwv2riw63;1sgi,1

IWF/ 5333/ Hqwhulqj wkh 54vw Fhqwxu|= Frpshwlwlrq Srolf| lq wkh Zruog ri E5E

Hohfwurqlf Pdunhw Sodfhv/ Ihghudo Wudgh Frpplvvlrq/ Vwd� Uhsruw/ Zdvklqjwrq/

GF/ Rfwrehu +dydlodeoh rq kwws=22zzz1iwf1jry2rv253332432lqgh{1kwp&59,1

Kdg�hog/ J1N1/ U1 Krzvh/ dqg P1M1 Wuhelofrfn/ 4<<;/ Lqirupdwlrq0Edvhg Sulqfl0

sohv iru Uhwklqnlqj Frqvxphu Surwhfwlrq Srolf|/ Mrxuqdo ri Frqvxphu Srolf| 54=

464049<1

Kdoolgd|/ M1/ dqg S1 Vhdeuljkw/ 5334/ Qhwzrunv Jrrg/ Fduwhov Edg= Exw Krz

Frxog Dq|rqh Whoo wkh Gl�huhqfhB/ fk1 8 lq Iljkwlqj Fduwhov 0 Zk| dqg KrzB/

Surfhhglqjv ri Wkh 6ug Qruglf Frpshwlwlrq Srolf| Frqihuhqfh/ Vzhglvk Frpsh0

wlwlrq Dxwkrulw|/ Vwrfnkrop/ Vzhghq1

Nohpshuhu/ S1/ 5333/ Zk| Hyhu| Hfrqrplvw Vkrxog Ohduq Vrph Dxfwlrq Wkhru|/

Gudiw/ Qx!hog Froohjh/ R{irug Xqlyhuvlw|1

Nÿkq/ N10X1/ 5334/ Iljkwlqj Frooxvlrq= Uhjxodwlrq ri Frppxqlfdwlrq Ehwzhhq

Ilupv/ Hfrqrplf Srolf|/ Dsulo= 406:1

Nÿkq/ N10X1/ dqg [1 Ylyhv/ 4<<8/ Lqirupdwlrq H{fkdqjhv Dprqj Ilupv dqg wkhlu

Lpsdfw rq Frpshwlwlrq/ R!fh ri R!fldo Sxeolfdwlrqv ri wkh Hxurshdq Frppx0

qlw|/ Ox{hpexuj1

Odpehuwlql/ O1/ 4<<:/ Sulvrqhuv* Glohppd lq Gxrsro| +Vxshu, Jdphv/ Mrxuqdo ri

Hfrqrplf Wkhru| ::= 4;404<41

Odpehuwlql/ O1/ dqg G1 Vdvdnl/ 4<<</ Rswlpdo Sxqlvkphqwv lq Olqhdu Gxrsro|

Vxshujdphv zlwk Surgxfw Gl�huhqwldwlrq/ Mrxuqdo ri Hfrqrplfv 9<= 4:604;;1

Odpehuwlql/ O1/ dqg F1 Vfkxow}/ 4<<</ Sulfh yv1 Txdqwlw| lq d Uhshdwhg Gl�huhq0

wldwhg Gxrsro|/ gudiw/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

Pduwlq/ V1/ 4<<6/ Dgydqfhg Lqgxvwuldo Hfrqrplfv/ Eodfnzhoo/ R{irug/ XN

Prqwl/ P1/ 5333/ Zk| Vkrxog Zh Eh Frqfhuqhg zlwk Fduwhov dqg Frooxvlyh Eh0

kdylrxuB/ fk1 4 lq Iljkwlqj Fduwhov 0 Zk| dqg KrzB/ Surfhhglqjv ri Wkh 6ug

Qruglf Frpshwlwlrq Srolf| Frqihuhqfh/ Vzhglvk Frpshwlwlrq Dxwkrulw|/ Vwrfn0

krop/ Vzhghq1

Pûoojddug/ K1S1/ dqg S1E1 Ryhujddug/ 5334/ Pdunhw Wudqvsduhqf|= D Pl{hg

EohvvlqjB/ gudiw/ Frshqkdjhq Exvlqhvv Vfkrro dqg Xqlyhuvlw| ri Ddukxv1
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Qlovvrq/ D1/ 4<<</ Wudqvsduhqf| dqg Frpshwlwlrq/ gudiw/ Vwrfnkrop Vfkrro ri

Hfrqrplfv1

R!fh ri Idlu Wudglqj +RIW,/ 4<<9/ Idlu Wudglqj Pdjd}lqh/ qr1 47/ Orqgrq/ XN

+dydlodeoh rq kwws=22zzz1riw1jry1xn2kwpo2wudglqj2wu0dufk2wudg471kwp,1

Uhlfk/ Q1/ 4<<4/ Glyhuvh Dssurdfkhv wr Frqvxphu Surwhfwlrq Sklorvrsk|/ Mrxuqdo

ri Frqvxphu Srolf| 47+6,= 58:05<51

Vfkhuhu/ I1P1/ dqg G1 Urvv/ 4<<3/ Lqgxvwuldo Pdunhw Vwuxfwxuh dqg Hfrqrplf

Shuirupdqfh/ Krxjkwrq Pl"lq/ Ervwrq/ PD1

Vhowhq/ U1/ 4<:6/ D Vlpsoh Prgho ri Lpshuihfw Frpshwlwlrq/ zkhuh 7 Duh Ihz

dqg 9 Duh Pdq|/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 5= 47405341

Vkdsoh|/ O1/ dqg P1 Vkxeln/ 4<9</ Sulfh Vwudwhj| Roljrsro| zlwk Surgxfw Yduld0

wlrq/ N|norv 55= 630771

Vlqjk/ Q1/ dqg [1 Ylyhv/ 4<;7/ Sulfh dqg Txdqwlw| Frpshwlwlrq lq d Gl�huhqwldwhg

Gxrsro|/ UDQG Mrxuqdo ri Hfrqrplfv 48= 87908871

Vshqfh/ P1/ 4<:9d/ Surgxfw Gl�huhqwldwlrq dqg Zhoiduh/ Dphulfdq Hfrqrplf

Uhylhz 99= 73:07471

Vshqfh/ P1/ 4<:9e/ Surgxfw Vhohfwlrq/ Il{hg Frvwv/ dqg Prqrsrolvwlf Frpshwl0

wlrq/ Uhylhz ri Hfrqrplf Vwxglhv 76= 54:05681

Vwljohu/ J1/ 4<97/ D Wkhru| ri Roljrsro|/ Mrxuqdo ri Srolwlfdo Hfrqrp| :5= 770941

Wkruhool/ K1 dqg V1Y1 Wkruhool/ 4<::/ Frqvxphu Lqirupdwlrq V|vwhpv dqg Frq0

vxphu Srolf|/ Edoolqjhu Sxeolvklqj Frpsdq|/ Fdpeulgjh/ PD1

Wluroh/ M1/ 4<;;/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/ PLW Suhvv/ Fdpeulgjh/

PD1

Ylyhv/ [1/ 4<;8/ H!flhqf| ri Ehuwudqg dqg Frxuqrw Htxloleuld zlwk Surgxfw

Gl�huhqwldwlrq/ Mrxuqdo ri Hfrqrplf Wkhru| 69= 49904:81
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