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4 Lqwurgxfwlrq dqg prwlydwlrq

Dq lpsruwdqw fruqhuvwrqh ri frqwhpsrudu| pdfurhfrqrplf wkhru| lv wkh lghd

wkdw wkh sulfh ohyho grhv qrw uhdfw rqh iru rqh wr qrplqdo djjuhjdwh ghpdqg

vkrfnv1 Rwkhuzlvh/ djjuhjdwh ghpdqg vkrfnv zrxog kdyh d }hur lpsdfw rq

uhdo dfwlylw|1 Lw lv wkhuhiruh lpsruwdqw wr lqyhvwljdwh wkh vrxufhv ri vxfk sulfh

uljlglw|1 Klvwrulfdoo|/ wkh olwhudwxuh kdv frqvlghuhg wkuhh rswlrqv= dvvxplqj

�{hg dqg h{rjhqrxv sulfhv/ lpsrvlqj wkdw sulfhv fdq rqo| eh fkdqjhg lqiuh0

txhqwo|/ dqg uho|lqj rq vrph �{hg �phqx frvw� ri fkdqjlqj sulfhv14Qrqh ri

wkhvh rswlrqv/ krzhyhu/ lv ixoo| vdwlvidfwru|1

Lq wklv sdshu/ zh lqyhvwljdwh dqrwkhu urxwh/ qdpho| zh vwxg| wkh h{whqw wr

zklfk vwlfn| sulfh0vhwwlqj ehkdylrxu pd| hyroyh dv dq htxloleulxp rxwfrph lq

dq hfrqrp| srsxodwhg e| lpshuihfwo| udwlrqdo djhqwv1 Zh dvvxph wkdw vxfk

djhqwv duh qrw deoh wr frpsxwh wkhlu rswlpdo sulfh0vhwwlqj uxoh/ dqg lqvwhdg

kdyh wr pdnh h{shulphqwv zlwk uxohv0ri0wkxpe1 Wkh| gurs uxohv wkdw |lhog

d orz sd|r� lq idyru ri wkrvh zklfk |lhog d kljk sd|r�1 Dqrwkhu lpsruwdqw

lqjuhglhqw ri wkh prgho lv orfdo lqwhudfwlrq1 Wkdw lv/ dq djhqw*v sd|r� ixqfwlrq

ghshqgv rq wkh sulfh fkrvhq e| dqrwkhu �frqwljxrxv� djhqw/ zklfk pd| iru

h{dpsoh eh lqwhusuhwhg dv d vxssolhu1

D fuxfldo dvshfw ri wkh prgho lv wkdw lw lv lpsrvvleoh wr vhsdudwh ohduqlqj

iurp dfwlrq/ dqg e| h{shulphqwlqj/ �upv h{huw h{whuqdolwlhv rq wkhlu qhljk0

eru/ zkrvh sd|r� ghshqgv rq wkh �up*v sulfh1 Frqvhtxhqwo|/ h{shulphqwdwlrq

e| rqh djhqw d�hfwv wkh uxohv slfnhg xs e| rwkhu djhqwv1

Zh wkhq dvn wkh iroorzlqj txhvwlrqv= Grhv wkh hfrqrp| frqyhujh wr wkh

UHH/ ru gr h{shulphqwv dqg orfdo lqwhudfwlrq suhyhqw wklv iurp kdsshqlqjB

Li vr/ gr zh revhuyh dq| uhfrjql}deoh sdwwhuq lq wkh ehkdylru ri djjuhjdwh

sulfhv dqg lq wkh furvv0vhfwlrq glvwulexwlrq ri lqglylgxdo sulfhvB

Ghvslwh wkdw wkh udwlrqdo h{shfwdwlrqv htxloleulxp +UHH, sulfh vhwwlqj

uxoh lv ihdvleoh/ l1h1 ehorqj wr wkh vhw ri uxohv wkdw fdq eh xvhg e| lqglylgxdo

4Vhh Eduur dqg Jurvvpdq +4<:4,/ Eìqdvv| +4<:8/4<:9,/ Wd|oru +4<;3,/ Ilvfkhu +4<::,/
Eodqfkdug dqg Nl|rwdnl +4<;:,/ Urwhpehuj +4<;5,/ Fdsolq dqg Vsxoehu +4<;:,/ Fdedoohur
dqg Hqjho +4<<6,/ Pdqnlz +4<;8,/ Dnhuori dqg \hoohq +4<;8,
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djhqwv/ lw wxuqv rxw wkdw iru d udqjh ri sdudphwhuv wkh hfrqrp| grhv qrw

frqyhujh wr wkdw htxloleulxp1 Udwkhu/ lw frqyhujhv wr dq htxloleulxp zkhuh

wkh djjuhjdwh sulfh ohyho grhv qrw uhdfw rqh iru rqh wr frqwhpsrudu| prqh|

vkrfnv/ frqwudu| wr zkdw vkrxog kdsshq lq wkh UHH zkhuh/ lq wklv prgho/ lw

vkrxog suhflvho| eh htxdo wr wkh prqh| vwrfn1 Wkh sulfh ohyho dovr h{klelwv

lqhuwld lq wkdw lw ghshqgv rq sdvw prqh| vkrfnv/ dqg dovr kdv wkh surshuw| ri

ehlqj ohvv yrodwloh wkdq prqh|1 Ixuwkhupruh/ wkh uhvsrqvh wr frqwhpsrudu|

vkrfnv dqg wkh ohyho ri lqhuwld duh vxfk wkdw prqh| lv urxjko| qhxwudo lq wkh

orqj uxq1 Wr vxppdul}h/ wklv hfrqrp| h{klelwv wkh vw|ol}hg pdfurhfrqrplf

surshuwlhv ri dfwxdo hfrqrplhv1

Dv zh glvfxvv ehorz lq juhdwhu ghwdlov/ vwlfn| sulfh ehkdylrxu dulvhv iurp

wkh frpelqdwlrq ri wzr idfwruv= D kljk dxwrfruuhodwlrq ri prqhwdu| vkrfnv/

dqg d kljk ghjuhh ri orfdo lqwhudfwlrq1 Li prqhwdu| vkrfnv duh qrw vwurqjo|

dxwrfruuhodwhg/ wkhq wkh hfrqrp| urxjko| frqyhujhv wr wkh UHH1 Li orfdo

lqwhudfwlrq lv orz/ wkhq lqhuwld lq wkh djjuhjdwh sulfh ohyho lv hqwluho| gxh wr

wkrvh �upv wkdw duh whpsrudulo| h{shulphqwlqj zlwk�w|slfdoo| vxerswlpdo�

dowhuqdwlyh uxohv/ dqg wkh djjuhjdwh sulfh ohyho lv dv yrodwloh dv prqh|1 Exw/

zkhq wkh wzr duh frpelqhg/ sulfhv duh vwlfn| lq d ghhs vhqvh1

H{shulphqwdwlrq e| lqglylgxdo �upv lq rughu wr wu| dqg �qg rxw d ehwwhu

sulflqj uxoh sod|v d nh| uroh lq jhqhudwlqj wkhvh uhvxowv1 W|slfdoo|/ zkhq d

�up dedqgrqv lwv ehvw sulflqj uxoh iru d zkloh wr h{shulphqw zlwk d qhz

rqh/ wklv jhqhudwhv h{fhvv dxwrfruuhodwlrq lq lwv sulfhv1 Li orfdo lqwhudfwlrqv

duh vwurqj/ wklv lqhuwld lq wxuq vsuhdgv wr wkrvh djhqwv zkrvh sd|r� ghshqgv

rq wkdw �upv* sulfh1 Lq jhqhudo htxloleulxp/ wklv ohdgv wkh hfrqrp| wr d

vlwxdwlrq zkhuh wkh sulfh ohyho grhv qrw ixoo| uhdfw wr qrplqdo djjuhjdwh

ghpdqg vkrfnv1

Zkloh rxu yduldeohv duh lqwhusuhwhg lq whupv ri �prqh|� dqg �sulfhv�/

wkh prgho lv lq idfw txlwh jhqhudo dqg surylghv hyroxwlrqdu| irxqgdwlrqv iru

�uljlg� ehkdylru lq d ydulhw| ri vhwwlqjv1

Wkh olwhudwxuh rq hyroxwlrq dqg dgdswlyh ohduqlqj lv odujh/ exw kdv vfdufho|
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ghdow zlwk pdfurhfrqrplf  xfwxdwlrqv51 D uhfhqw h{fhswlrq lv Pdufhw dqg

Qlfrolql +4<<:,/ zkr duh deoh wr rewdlq uhfxuuhqw k|shulq dwlrqv lq d Vdujhqw0

Zdoodfh +4<;:, vw|oh prgho zkhuh wkh| lpsrvh dq dgdswlyh ohduqlqj prgho1

Wr p| nqrzohgjh/ wkh suhvhqw sdshu lv wkh �uvw rqh wr ghdo zlwk sulfh ohyho

vwlfnlqhvv16 H{lvwlqj dssolfdwlrqv ri dgdswlyh ohduqlqj wr pdfurhfrqrplfv

lqfoxgh Pdulprq hw do1 +4<<3,/ zkr ghdo zlwk d sureohp ri htxloleulxp

vhohfwlrq edvhg rq Nl|rwdnl dqg Zuljkw +4<;<,1 Vdujhqw +4<<6, suhvhqwv

ydulrxv dssolfdwlrqv ri erxqghg udwlrqdolw| wr pdfurhfrqrplfv/ lqfoxglqj dq

lqwhuhvwlqj rqh rq wkh sdudgr{ ri wudgh/ exw qrqh ri wkhp lv derxw ghulylqj

sulfh vwlfnlqhvv dqg prqhwdu| srolf| h�hfwlyhqhvv iurp hyroxwlrqdu| sulqfl0

sohv1 Dulirylf +4<<9/ 5334,/ ghulyhv shuvlvwhqw  xfwxdwlrqv ri wkh h{fkdqjh

udwh lq wkh frqwh{w ri d prgho zkhuh wkh udwlrqdo h{shfwdwlrqv htxloleulxp

lv lqghwhuplqdwh1 Dssolfdwlrqv wr wkh wlph vhulhv surshuwlhv ri duwl�fdo vwrfn

pdunhwv kdyh ehhq vwxglhg e| OhEdurq hw do +4<<<,1 Roghu dssolfdwlrqv wr

jurzwk wkhru| duh irxqg lq Qhovrq dqg Zlqwhu +4<;8,/ zkr ghyhors d prgho

ri lqglylgxdo �upv zklfk ohduq derxw wkhlu rswlpdo fdslwdo2oderu udwlr e|

wuldo dqg huuru1

Uhodwhg sdshuv lq plfurhfrqrplfv lqfoxgh Hoolvrq +4<<6,/ dqg Hoolvrq

dqg Ixghqehuj +4<<6,/ zkr vwxg| wkh uroh ri orfdo lqwhudfwlrq lq ghwhuplq0

lqj rxwfrphv lq hyroxwlrqdu| jdphv/ dqg Kduulqjwrq +4<<;/ 4<<<,/ zkr/ lq

sduwlfxodu/ vkrzv krz uljlg djhqwv pd| eh pruh vxffhvvixo lq hyroxwlrqdu|

klhudufklfdo frqwhvwv1 Qrqh ri wklv zrun lv frqfhuqhg zlwk pdfurhfrqrplf

 xfwxdwlrqv1

Lqwhudfwlrq dqg h{whuqdolwlhv lq wkh frqwh{w ri wkh wudglwlrqdo vwlfn| sulfh

olwhudwxuh +edvhg rq phqx frvwv ru h{rjhqrxvo| lpsrvhg wlplqj uhvwulfwlrqv

rq sulfh vhwwlqj, kdyh ehhq vwxglhg e| Edoo dqg Urphu +4<<4,/ Olqgehfn dqg

Vqrzhu +4<<<,17

5D vxevwdqwldo iudfwlrq lv ghyrwhg wr frqyhujhqfh ri Ed|hvldq ru ohdvw vtxduh ohduqlqj wr
udwlrqdo h{shfwdwlrqv/ vhh Eud| +4<;5,/ Hydqv dqg Krqndsrkmd +4<<8,/ Pdufhw dqg Vdujhqw
+4<;<, dqg Judqgprqw dqg Odurtxh +4<<3,1

6LqPdufhw dqg Qlfrolql +4<<:,/ wkh ohduqlqj surfhvv lv wrwdoo| gl�huhqw iurp wklv sdshu*v/
vlqfh h{shulphqwdwlrq sod|v qr uroh/ qru gr orfdo lqwhudfwlrqv1

7D pruh jhqhudo dqdo|vlv ri wkh djjuhjdwh frqvhtxhqfhv ri orfdo lqwhudfwlrqv kdv ehhq
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Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Iluvw/ zh vhw xs wkh prgho

dqg ghulyh wkh +wulyldo, udwlrqdo h{shfwdwlrqv htxloleulxp1 Wkhq/ zh ghvfuleh

krz sulflqj uxohv duh vhw dqg krz wkh| hyroyh e| vhohfwlrq1 Pdlq qxphulfdo

uhvxowv duh uhsruwhg lq vhfwlrq 7/ zkloh vhfwlrq 8 glvfxvvhv vrph lqwxlwlrq iru

wkhvh uhvxowv1

5 Wkh prgho

Wkhuh duh ? �upv lqgh{hg e| � 5 ~*?~c orfdwhg rq d flufoh1 Hdfk �up kdv d

ohiw0qhljkeru ��� dqg d uljkw0qhljkeru �n�� Dw hdfk gdwh | �upv vhw d fkrlfh

yduldeoh R�|c fdoohg sulfh/ dqg dq djjuhjdwh vkrfn 6|/ fdoohg prqh|/ lv gudzq1

6| lv gudzq iurp wkh ^3/4` lqwhuydo dqg R�| lv dovr frqvwudlqhg wr eh fkrvhq

lq wkdw lqwhuydo1 Zkhq vhwwlqj sulfhv/ �upv revhuyh wkhlu rzq sdvw sulfhv/

wkhlu ohiw0qhljkeru*v sdvw sulfhv/ dqg wkh fxuuhqw dqg sdvw prqh| vwrfn1 Doo

�upv vhw sulfhv vlpxowdqhrxvo| zlwkrxw nqrzlqj rwkhu �upv* frqwhpsrudqh0

rxv sulfhv1 Wkh sd|r� ri �up �*v dw gdwh | lv wkhq jlyhq e|

L�| ' ��ER�| �6|�
2 � E�� ��ER�| � R�3�|�

2

Wklv sd|r� ixqfwlrq fdswxuhv wkh h{lvwhqfh ri orfdo lqwhudfwlrqv1 Wkh

orzhu �c wkh pruh wkh sd|r� ghshqgv rq wkh qhljkeru*v ehkdylru dqg wkh

juhdwhu wkh zhljkw ri wkh qhljkeru*v sulfh lq dq lqglylgxdo*v rswlpdo sulfh uxoh1

D �up*v rswlpdo sulfh lv d olqhdu frpelqdwlrq ri prqh| dqg lwv qhljkeru*v

h{shfwhg sulfh frqglwlrqdo rq wkh �up*v lqirupdwlrq vhw1

Rq pd| frqvlghu wklv dv d flufxodu  rz prgho/ zlwk ohiw0qhljkeruv lqwhu0

suhwhg dv vxssolhuv dqg uljkw0qhljkeruv dv fxvwrphuv1

Lw lv vwudljkwiruzdug wr fkhfn wkdw wkh xqltxh udwlrqdo h{shfwdwlrqv htxl0

oleulxp lv jlyhq e| R�| ' 6|c ;�1 Lq vxfk dq htxloleulxp doo �upv fkdujh wkh

vdph sulfh dqg prqh| lv qhxwudo1 Sdvw hyhqwv gr qrw d�hfw fxuuhqw rxwfrphv/

vlqfh rqo| frqwhpsrudqhrxv yduldeohv dsshdu lq L�|�
8

ghyhorshg e| Gxuodxi +4<<4/4<<9, dqg Eurfn dqg Gxuodxi +5334,1
8Ixuwkhupruh/ wkh udwlrqdo h{shfwdwlrqv htxloleulxp lv xqltxh/ vr wkdw dgdswlyh ohduqlqj
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6 Ghvfulswlrq ri wkh surfhgxuh

Zh vwxg| zkdw kdsshqv zkhq/ lqvwhdg ri shuihfwo| udwlrqdo djhqwv/ wkh hfrq0

rp| lv srsxodwhg e| erxqghgo| udwlrqdo duwl�fldo �upv zklfk judgxdoo| ohduq

wkh| sd|r�1 Wkhvh �upv duh h{shulphqwlqj zlwk dowhuqdwlyh sulfh uxohv dqg

vhohfw wkh ehvw uxohv/ l1h1 wkrvh zklfk |lhog wkh kljkhvw sd|r�1

Wkh ohduqlqj surfhgxuh lv vshfl�hg dv iroorzv1

Dw hdfk gdwh |c �up �*v lqirupdwlrq vhw lv jlyhq e| 7�| ' iR�|3�c R�3�c|3�c6|3�c6|j�

Wkh| ehkdyh dffruglqj wr d uxoh zklfk vshfl�hv wkhlu fxuuhqw sulfh R�| dv d

ixqfwlrq ri wkdw lqirupdwlrq vhw1 Wklv uxoh lv vshfl�hg dv iroorzv=9

	R�| ' Sfc�| n S�c�| 	6|3� n S2c�| 	6| n S�c�|	R�|3� n Sec�|	R�3�c|3� +4,

Wkh sulflqj uxoh iroorzhg e| �up � dw gdwh | lv uhsuhvhqwhg e| wkh yhfwru

ri sdudphwhuv ESfc S�c S2c S�c Se�� Wkh kdw ghqrwhv wkh orjlvwlf wudqvirupdwlrq=

	% ' *?
%

�� %
�

Wkh xvh ri wklv wudqvirupdwlrq jxdudqwhhv wkdw uhjdugohvv ri wkh ydoxhv ri

iR�|3�c R�3�c|3�c6|3�c6|j dqg ri wkh uxoh sdudphwhuv ESfc S�c S2c S��c wkh sulfh

txrwhg e| hdfk �up uhpdlqv lq wkh Efc �� lqwhuydo1

Wzr wklqjv vkrxog eh qrwhg uhjduglqj wkh sulfh0vhwwlqj ehkdylru gh�qhg

e| Htxdwlrq +4,1 Iluvw/ djhqwv gr qrw frqfhswxdol}h wkh qrwlrqv ri htxl0

oleulxp/ h{shfwdwlrqv/ ru sdudphwhuv1 Wkhlu phqwdo delolw| grhv qrw jr eh0

|rqg phfkdqlfdoo| dsso|lqj uxohv vxfk dv +4, dqg ohduq wkurxjk h{shulhqfh

zklfk rqhv duh ehwwhu1 Khqfh/ udwlrqdo h{shfwdwlrqv/ ru hyhq h{shfwdwlrqv/ duh

phdqlqjohvv iru wkhvh djhqwv1 Vlploduo|/ Ed|hvldq ohduqlqj zrxog eh lpsrvvl0

eoh/ vlqfh d Ed|hvldq pxvw irupxodwh d suredelolw| prgho zlwk dq xqghuo|lqj

zloo qrw sod| dq| uroh lq htxloleulxp vhohfwlrq frqwudu| wr zkdw kdsshqv lq Judqgprqw dqg
Odurtxh +4<<3,/ Pdulprq hw do1+4<<3,/ dqg Dulirylf +4<<9,1 Lq wkh odwwhu fdvh/ wkhuh h{lvwv
d frqwlqxxp ri udwlrqdo h{shfwdwlrqv htxloleuld/ dqg dgdswlyh ohduqlqj lqgxfhv  xfwxdwlrqv1

9Qrwh wkdw wkh sureohp lv vshfl�hg lq cdqdorj*/ udwkhu wkdq gljlwdo whupv/ dv lq Qhovrq
dqg Zlqwhu/ exw frqwudu| wr wkh pruh uhfhqw olwhudwxuh zklfk xvhv jhqhwlf dojrulwkpv/
fodvvl�huv/ ru qhxudo qhwzrunv1 Vhh wkh Vdqwd Ih Lqvwlwxwh yroxphv +Dqghuvrq hw do1 +4<;;,>
Duwkxu hw do1 +4<<:,, iru glvfxvvlrqv1 D suhylrxv dwwhpsw wr irupxodwh wkh sureohp lq whupv
ri fodvvl�hu0vw|oh uxohv zdv xqvxffhvvixo/ hvvhqwldoo| ehfdxvh pxwdwlrq ru jhqhudol}dwlrq ri
fuxfldo elwv |lhoghg uxohv wkdw pdgh olwwoh vhqvh1

9



sdudphwhu wr eh ohduqhg1 Wkhvh frqfhswv duh rxw ri uhdfk iru rxu djhqwv1

Vhfrqg/ wkh UHH lv d vshfldo fdvh zkhuh doo �upv iroorz wkh uxoh jlyhq e|

S2 ' �c S� ' S� ' Sf ' Se ' f� Wkhuhiruh/ lw lv shuihfwo| dwwdlqdeoh1 Idloxuh wr

frqyhujh wr wkh UHH/ li lw rffxuv/ fdqqrw frph iurp wkh djhqwv* lqdelolw| wr

dgrsw wkh fruuhfw ehkdylru1

Wkh uxoh frh!flhqwv fdq kdyh dq| ydoxh1 Krzhyhu/ wr suhyhqw wkh hfrqrp|

iurp kdylqj xqvwdeoh g|qdplfv/ zh zloo rqo| frqvlghu uxohv zklfk vdwlvi| wkh

iroorzlqj uhvwulfwlrq=

mS�mn mSem 	 �� +5,

H{shulphqwdwlrq dqg wkh hyroxwlrq ri uxohv1

Wkh hfrqrp| vwduwv iurp dq duelwudu| glvwulexwlrq ri sulfhv1 Dw wkh eh0

jlqqlqj ri wlph/ �upv vhohfw d uxoh udqgrpo| dqg dsso| lw wr vhw wkhlu sulfh1

Diwhu d uxoh kdv ehhq xvhg iru dw ohdvw A shulrgv/ �upv ghflgh wr h{shulphqw

zlwk dqrwkhu uxoh1 Wkhuh duh wzr prghv ri h{shulphqwdwlrq/ ghqrwhg e|

e ' �c 2� Dw hdfk gdwh | wkhuh lv d suredelolw| ^�e| wkdw �up � dedqgrqv lwv

uxoh dqg h{shulphqwv zlwk dqrwkhu rqh xqghu prgh e lqvwhdg1 Wkh lqlwldo

ydoxh ri ^�e| lv h{rjhqrxvo| vhw zlwklq wkh lqwhuydo d^4�?c ^4@ o� Wkh wzr prghv

duh=

�Orfdo pxwdwlrq +e ' �,1 Lq vxfk d fdvh wkh qhz uxoh lv gh�qhg e|

S�|n� ' S�| n >5�|c

zkhuh > lv d sdudphwhu fdswxulqj wkh vl}h ri d orfdo pxwdwlrq/ dqg 5�| lv dq

l1l1g udqgrp yduldeoh glvwulexwhg ryhu E��c ���

�Joredo udqgrpl}dwlrq +e ' 2�� Lq vxfk d fdvh wkh qhz uxoh lv gudzq

udqgrpo| lq wkh vdph zd| dv wkh lqlwldo rqh1

Lq erwk fdvhv/ li wkh qhz uxoh grhv qrw vdwlvi| uhvwulfwlrq +5,/ d qhz uxoh

lv gudzq xqwlo +5, lv vdwlv�hg1

Gxulqj wkh h{shulphqw wkh qhz uxoh lv xvhg exw wkh �up uhphpehuv wkh

suhfhglqj uxoh dv zhoo dv wkh dyhudjh sd|r� h{shulhqfhg zlwk lw vr idu1 H{0

shulphqwdwlrq odvwv iru dw ohdvw A shulrgv/ diwhu zklfk wkh dyhudjh sd|r�

:



shu shulrg lv frpsduhg zlwk wkdw ri wkh suhylrxv uxoh +qrwh wkdw wkhuh lv qr

glvfrxqwlqj,1 Li lw lv lqihulru/ wkhq wkh �up uhwxuqv wr wkh suhylrxv uxoh/ dqg

wkh suredelolw| ri h{shulphqwlqj dffruglqj wr prgh e lv dgmxvwhg grzqzdugv

dffruglqj wr wkh iroorzlqj irupxod=

^�e|n� ' E�� w�^�e| n w^4�?�

Li lw lv ehwwhu/ wkhq wkh h{shulphqw frqwlqxhv dv orqj dv wkh dyhudjh sd|r�

lv kljkhu wkdq wkdw ri wkh suhylrxv uxoh/ xs wr wkh srlqw zkhuh wkh wrwdo

gxudwlrq ri wkh h{shulphqw htxdov 7A c zkhuh 7A ' 4�?E�ffc A �*2�c dqg A � lv

wkh wrwdo ohqjwk ri wlph gxulqj zklfk wkh suhylrxv uxoh kdv ehhq xvhg1 Dw wklv

srlqw wkh qhz uxoh lv gh�qlwho| dgrswhg/ dqg wkh suredelolw| ri h{shulphqwlqj

dffruglqj wr prgh 6 lv dgmxvwhg xszdugv xvlqj wkh iroorzlqj irupxod=

^�e|n� ' E�� w�^�e| n w^4@ �

Li wkh dyhudjh sd|r� ri wkh h{shulphqwhg uxoh idoov ehorz wkdw ri wkh suh0

ylrxv uxoh dw dq| srlqw ehwzhhq A dqg 7A c wkhq wkh h{shulphqw lv lpphgldwho|

dedqgrqhg dqg rqh uhyhuwv wr wkh suhylrxv uxoh1

Wklv udwkhu frpsoh{ surfhgxuh lv xvhg wr suhyhqw d uxoh zklfk kdv suryhg

txlwh jrrg iru d yhu| orqj wlph wr eh dedqgrqhg lq idyru ri d uxoh zklfk kdv

lpsuryhg rq lw iru d pxfk vkruwhu wlph/ vd| ehfdxvh ri dq xqolnho| vhtxhqfh

ri vkrfnv1 Wkxv zh lpsrvh d suredwlrq shulrg vhw wr kdoi wkh gxudwlrq ri

wkh suhylrxv uxoh ehiruh dq h{shulphqw lv dgrswhg1 Exw/ jlyhq wkdw/ dv wlph

surfhhgv/ �upv zloo �qg jrrg uxohv wkdw zloo eh xvhg iru d yhu| orqj wlph/

lq rughu wr dyrlg wrr orqj h{shulphqwv zh sxw d fds ri 433 shulrgv rq wklv

suredwlrq shulrg1

7 Uhvxowv

Zh qrz ghvfuleh krz wkh prgho zdv vroyhg qxphulfdoo| dqg uhsruw rxu pdlq

txdqwlwdwlyh uhvxowv1

;



Wkh wrwdo qxpehu ri �upv zdv vhw wr 431 Lqlwldo sulfhv zhuh gudzq iurp

d xqlirup glvwulexwlrq ryhu Efc ��� Lqlwldo ydoxhv ri S�c � ' fc ���c �c zhuh gudzq

xvlqj d xqlirup glvwulexwlrq ryhu ^04/4`1 Wkh plqlpxp ohqjwk ri wlph d

uxoh pxvw eh xvhg ehiruh dqrwkhu fdq eh wulhg lv vhw wr A ' �D� Wkh lqlwldo

suredelolwlhv ri h{shulphqwlqj zhuh vhw dw wkhlu pd{lpxp ^� ' ^2 ' ^4@ '

f�f�� Zh kdyh vhw ^4�? ' f�ff� dqg w ' f���

Wkh prqh| surfhvv wr zklfk wklv hfrqrp| lv vxemhfwhg lv dq DU4=

6|n� ' 46| n 0|c +6,

zkhuh 0 lv glvwulexwhg xqlirupo| ryhu EE2 76� ��*E�� 4�c �*E� � 4��c vr wkdw

wkh uhvxowlqj glvwulexwlrq ri 6 kdv d phdq 76 � �*2c d plqlpxp 2 76��c dqg

d pd{lpxp htxdo wr �� Wkh phdq zdv fkrvhq wr eh htxdo wr 3191

Zh duh lqwhuhvwhg lq krz wkh dyhudjh ehkdylrxu ri wkh hfrqrp| ghshqgv

rq � dqg 4� Wkhuhiruh/ zh wulhg 7 ydoxhv ri 4c 4 ' fc f�Dc f�bc dqg f�bD/ dqg

. ydoxhv ri �c � ' �c f�Hc f�Sc f�ec f�2c f��c f�fD� Zh ohw wkh hfrqrp| hyroyh iru

833/333 shulrgv/ dqg wkhq iru dqrwkhu 6/333 shulrgv gxulqj zklfk zh froohfw

vwdwlvwlfv rq wkh djjuhjdwh sulfh ohyho dqg wkh djjuhjdwh prqh| vwrfn1 Wklv

zdv uhshdwhg 43 wlphv iru hdfk sdlu E4c ��c wkxv jhqhudwlqj 43 vlpxodwlrqv

iru hdfk vhw ri sdudphwhu1 Iru hdfk ri wkhvh vlpxodwlrqv zh fkdudfwhul}h wkh

ehkdylrxu ri wkh hfrqrp| e| uxqqlqj wkh iroorzlqj uhjuhvvlrq ryhu wkh �qdo

6/333 shulrgv zkhq vwdwlvwlfv zhuh froohfwhg=

7R|n� ' @f n @�6|n� n @27R| n #|c

zkhuh 7R| lv wkh djjuhjdwh sulfh ohyho gh�qhg dv wkh dyhudjh dfurvv �upv ri

lqglylgxdo sulfhv=

7R| '
�

?

?[
�'�

R�|�

Xqghu wkh UHH rqh vkrxog kdyh @f ' @2 ' fc @� ' �c dqg wkh uhjuhvvlrq

vkrxog |lhog dq U2 htxdo wr 41 Hyhq li lqglylgxdo �upv hqg xs dgrswlqj

vxfk d uxoh/ rqh vkrxog krzhyhu h{shfw vpdoo ghyldwlrqv iurp wklv lghdo srlqw

<



ehfdxvh d iudfwlrq ri �upv duh h{shulphqwlqj1 Lq wkh orqj uxq/ wklv iudfwlrq

vkrxog qrw h{fhhg ^4�? dv h{shulphqwdwlrq vkrxog |lhog orzhu sd|r�v wkdq

wkh rswlpdo uxoh1

Li f � @� 	 � wkhq sulfhv duh �uljlg� lq wkh vhqvh wkdw wkh| uhdfw ohvv wkdq

rqh0iru0rqh wr prqhwdu| vkrfnv1 Li f 	 @2 � � wkhq wkhuh lv �sulfh lqhuwld�

lq wkh vhqvh wkdw d sulfh fkdqjh odvwv orqjhu wkdq wkh prqh| vkrfn zklfk kdv

wuljjhuhg lw +zklfk vkrxog qrw eh wkh fdvh xqghu wkh UHH,1:

Ilqdoo|/ li @� n @2 � �c wkhq prqh| lv �qhxwudo� lq wkh orqj uxq/ lq wkdw

sulfhv zrxog hyhqwxdoo| dgmxvw ixoo| wr d shupdqhqw fkdqjh lq 61;

Wdeohv 4 wr 8 uhsruw wkh phdqv/ pd{lpxp/ plqlpxp/ dqg vwdqgdug gh0

yldwlrqv ri wkh uhjuhvvlrq frh!flhqwv ri lqwhuhvw dfurvv wkh 43 vlpxodwlrqv iru

hdfk sdlu ri ydoxhv ri 4 dqg ��

Wkh iroorzlqj sdwwhuq hphujhv=

41 Li prqhwdu| vkrfnv duh qrw yhu| fruuhodwhg/ wkhq wkh hfrqrp| iroorzv

rq dyhudjh wkh UHH1 Wklv lv wuxh iru erwk 4 ' f dqg 4 ' f�Dc iru yluwxdoo|

doo ohyhov ri orfdo lqwhudfwlrq dprqj surgxfhuv1 Krzhyhu/ dw vwurqj ohyhov ri

orfdo lqwhudfwlrq/ wkhuh whqgv wr eh vrph sulfh uljlglw|/ exw wkh dyhudjh sulfh

uhvsrqvh lv qhyhu pruh wkdq rqh vwdqgdug ghyldwlrq dzd| iurp lwv suhglfwhg

ydoxh ri 4 lq wkh UHH1 Dovr/ wkhuh lv qr vljql�fdqw sulfh lqhuwld dw wkhvh orz

ydoxhv ri 4�

51 Dw kljk ohyhov ri 4c wklqjv duh txlwh gl�huhqw1 Iluvw/ wkhuh lv vljql�fdqw

sulfh uljlglw| dv zhoo dv sulfh lqhuwld1 Uljlglw| dqg lqhuwld duh juhdwhu/ wkh

pruh prqh| vkrfnv duh dxwrfruuhodwhg1 Ixuwkhupruh/ dq lqfuhdvh lq wkh

lqwhqvlw| ri orfdo lqwhudfwlrqv lqfuhdvhv uljlglw| dqg lqhuwld1 Iru h{dpsoh/ wkh

frqwhpsrudqhrxv sulfh uhvsrqvh @� vwhdglo| idoov iurp 31< wr 316 zkhq � idoov

:Irupdoo|/ zh kdyh sw @ +4 � d5O,
�4+4 � �O,�4d4%w @ S +O,%w= Wkh phdq odj lv

S 3+4,@S +4, @ d5
4�d5

. �

4��
> zkloh wkh phdq odj iru p lv mxvw �

4��
=

;Qrwh krzhyhu wkdw vxfk d fkdqjh lv d }hur suredelolw| hyhqw1 Dv orqj dv s lv vwdwlrqdu|/

lw whqgv wr uhwxuq wr lwv phdq/ dv grhv p> vr wkdw dq| uhmhfwlrq ri wkh qhxwudolw| k|srwkhvlv

vkrxog eh lqwhusuhwhg zlwk fdxwlrq1 Wklqjv zrxog eh gl�huhqw li wkh gulylqj surfhvv iru

pzhuh L+4,=
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iurp 4 wr 3138 dw 4 ' f�b� Dqg dw 4 ' f�bD lw fdq eh dv orz dv 3141 Frqyhuvho|/

@2 ulvhv zlwk ��

61 Ryhudoo/ djjuhjdwh sulfhv ehkdyh lq dffrugdqfh zlwk wkh orqj0uxq qhx0

wudolw| k|srwkhvlv +Vhh Wdeoh 6,1 Wklv lv hvshfldoo| wuxh dw kljk ydoxhv ri

�� Dw orz ydoxhv ri � prqhwdu|0vkrfnv whqg wr kdyh orqj0odvwlqj h�hfwv/ exw

@� n @2 lv ohvv wkdq rqh vwdqgdug ghyldwlrq dzd| iurp 41

71 Ilqdoo|/ dq lqfuhdvh lq wkh lqwhqvlw| ri orfdo lqwhudfwlrqv pdnhv wkh

orqj0uxq ehkdylrxu ri wkh hfrqrp| pruh duelwudu|1 Khqfh/ wkh vwdqgdug

ghyldwlrq ri frh!flhqwv whqgv wr lqfuhdvh dv � idoov/ dowkrxjk wklv lv qrw

wuxh dw kljk ydoxhv ri 4 dqg yhu| orz ydoxhv ri �� Iru h{dpsoh/ dw 4 ' f�D

dqg � ' �c wkh udqjh ri uhvsrqvhv wr d prqhwdu| vkrfn lv 31<:4�31<<5/ dqg

wkh udqjh ri hvwlpdwhg sulfh lqhuwld frh!flhqwv dfurvv wkh 43 vlpxodwlrqv lv

313339�3134<1 Dw � ' f�fDc krzhyhu/ zh jhw pxfk zlghu udqjhv ri 31::6�414<;

dqg 031499�313;81

Lqwxlwlyho|/ wkh orzhu �c wkh ohvv ghwhuplqdwh wkh rxwfrph/ vlqfh wkh rs0

wlpdo sulfh uhvsrqvh ri d jlyhq �up lv pruh ghshqghqw rq lwv qhljkerxu*v

sulflqj uxoh dqg ohvv rq wkh djjuhjdwh vkrfn 6� Lq wkh olplw/ zkhq � ' fc dq|

sulflqj uxoh lv dq htxloleulxp surylghg lw lv iroorzhg e| doo djhqwv1

�q4 3 318 31< 31<8
4 31<;7 +3133:, 31<;6 +31339, 31<35 +31369, 319:8 +313:<,
31; 31<<; +3133<, 31<<6 +31347, 31;<; +3137;, 318;9 +3145,
319 31<:6 +31359, 31<:; +31346, 31:;8 +3143;, 317<8 +31466,
317 31<;9 +3135:, 31<;4 +3134<, 31:76 +313<<, 3163; +31466,
315 41339 +31368, 31<; +31366, 318:7 +31499, 3153: +31479,
314 31<89 +31389, 31<95 +313<7, 316:8 +31484, 313<9 +31395,
3138 31<5< +313;4, 31<38 +3144<, 315< +314;8, 31447 +3139,

Wdeoh 4 � Phdq dqg vwdqgdug ghyldwlrq ri frh!flhqw rq prqh|
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�q4 3 318 31< 31<8
4 31335 +31339, 3133; +3133:, 31435 +3135:, 31674 +313:59,
31; 031334 +3133:, 31338 +31347, 31444 +3138:, 31739 +31449,
319 031346 +31354, 31345 +31348, 3149< +313:5, 31839 +31487,
317 31338 +31359, 3134: +31359, 3155; +313:9, 31957 +3144:,
315 3133; +3136:, 31337 +3135<, 3168< +3149;, 31:54 +3147:,
314 0313496 +31376, 31359 +31376, 317<7 +31489, 31;68 +3138;,
3138 031334 +3139:, 031349 +313:4, 3193< +31496, 31;75 +313;8,

Wdeoh 5 �Phdq dqg vwdqgdug ghyldwlrq ri frh!flhqw rq odjjhg djjuhjdwh

sulfh ohyho

�q4 3 318 31< 31<8
4 31<;9 +3134, 31<<4 +31338, 41337 +31346, 41349 +31354,
31; 31<<: +3133<, 31<<; +31347, 4133< +3134;, 31<<6 +31368,
319 31<9 +3136:, 31<<4 +31349, 31<87 +3138;, 41334 +31368,
317 31<<5 +31367, 31<<; +31349, 31<:4 +3138, 31<65 +313D�
315 41347 +31367, 31<;7 +3136<, 31<66 +314, 31<5; +31375,
314 31<7 +3138;, 31<;; +31436, 31;9< +313:, 31<64 +31378,
3138 31<54 +314, 31;;< +3146, 31;<< +3146, 31<89 +31379,

Wdeoh 6 � Phdq dqg vwdqgdug ghyldwlrq ri vxp ri frh!flhqwv +whvwlqj

iru orqj0uxq qhxwudolw|,,

�q4 3 318 31< 31<8
4 31<9;�31<<7 31<:4�31<<5 31;5<�31<8; 318;8�31;7<
31; 31<;5�41344 31<:5�41356 31;39�31<9 3176:�31:<9
319 31<5:�41347 31<8;�31<<9 318<6�31;<6 31635�319<<
317 31<76�4137 31<88�41347 31948�31<6; 31495�318<
315 31<68�41379 31<57�413�b 316�31;5 3135�3174<
314 31;89�41376 31:47�41396 31547�31955 31357�3155:
3138 31:;9�413;; 31::6�414<; 31399�3198: 31354�3154
Wdeoh 7 � Plqlpxp dqg pd{lpxp ydoxhv ri frh!flhqw rq prqh|
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�q4 3 318 31< 31<8
4 031339;�3134;7 313339�3134< 31389�31497 3153;�3177:
31; 031346�31344 0313468�31374 31357�31546 31555�31869
319 03136:�31368 031336�31375 31375�315:: 31595�31:54
317 03136:�3137< 031358�31387 31444�3169: 31775�31;3:
315 03138�313:7 031387�31379 31337�31959 31788�31<47
314 031448�3138: 031368�31434 314:9�31: 31:7�31<39
3138 0313;7�31466 031499�313;8 31699�31;;9 31969�31<86

Wdeoh 8 � Plqlpxp dqg pd{lpxp ydoxhv ri frh!flhqw rq odjjhg djjuh0

jdwh sulfh ohyho

Wr vxppdul}h/ wkhuh lv erwk sulfh lqhuwld dqg sulfh uljlglw|�sulfhv uhdfw

ohvv wkdq rqh iru rqh wr prqh|1 Wklv skhqrphqrq lv pruh vdolhqw/ wkh pruh

wkh prqh| surfhvv lv dxwrfruuhodwhg/ dqg wkh vwurqjhu wkh orfdo lqwhudfwlrqv1

Wklv grhv qrw qhfhvvdulo| lpso|/ krzhyhu/ wkdw sulfhv duh ohvv yrodwloh wkdq

prqh|1 Wkhuh frxog eh pruh qrlvh lq sulfhv/ lq sduwlfxodu ehfdxvh ri h{shul0

phqwdwlrq shulrgv1 Lq rughu wr vhh zkhwkhu wkh djjuhjdwh sulfh ohyho lv pruh

ru ohvv yrodwloh wkdq prqh|/ zh kdyh frpsxwhg lwv uhodwlyh yrodwlolw|/ dv phd0

vxuhg e| wkh udwlr ehwzhhq lwv vwdqgdug ghyldwlrq dqg wkdw ri prqh|1 Wklv

lv uhsruwhg lq Wdeoh 91 Dv zh fdq vhh/ sulfhv duh htxdoo| yrodwloh dv prqh|

iru orz ohyhov ri prqh| dxwrfruuhodwlrq dqg orfdo lqwhudfwlrq1 Exw iru kljkhu

ydoxhv ri wkhvh sdudphwhuv/ l1h1 lq wkh }rqh ri lqwhuhvw zkhuh sulfh lqhuwld

suhydlov/ sulfhv duh vljql�fdqwo| ohvv yrodwloh wkdq prqh|1

�q4 3 318 31< 31<8
4 31<; 31<< 413 4135
31; 4133 4133 4134 31<<
319 31<; 31<< 31<7 413
317 31<< 31<< 31<8 31;
315 4134 31<< 31;: 319:
314 31<9 31<; 31:4 3193
3138 31<6 31<4 319< 31:4

Wdeoh 9 � uhodwlyh vwdqgdug ghyldwlrq ri wkh djjuhjdwh sulfh ohyho1

Gr wkh deryh qxpehuv ehdu dq| uhvhpeodqfh wr wkh gdwdB Wr kdyh d

urxjk frpsdulvrq/ zh wdnh X1V1 txduwhuo| orj qrplqdo JGS dv rxu phdvxuh
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ri qrplqdo djjuhjdwh ghpdqg +6 lq wkh prgho,/ dqg X1V1 txduwhuo| orj JGS

gh dwru dv d phdvxuh ri wkh djjuhjdwh sulfh ohyho 7R1< Erwk vhulhv zhuh gh0

wuhqghg e| wdnlqj wkh uhvlgxdo ri d uhjuhvvlrq rq d olqhdu wuhqg dqg wkh sulfh

ri rlo1 Wkh odwwhu yduldeoh zdv lqfoxghg dv d fuxgh zd| wr �owhu rxw vxsso|

vkrfnv/ zklfk duh ljqruhg lq wkh prgho1 Wkh �uvw rughu dxwrfruuhodwlrq lq rxu

uhvxowlqj phdvxuh ri6 lv 31<9;/ lpso|lqj d ydoxh ri 4 forvh wr f�bD� Uhjuhvvlqj

rxu phdvxuh ri R rq 6 dqg RE��� |lhogv frh!flhqwv htxdo wr 3154 dqg 31:;

uhvshfwlyho|1 Wkhvh frh!flhqwv duh frpsdudeoh wr wkhlu fruuhvsrqglqj ydoxhv

ri 3154 dqg 31:5 iru � ' f�2 dqg 4 ' f�bD +Wdeohv 4 dqg 5,1 Ilqdoo| wkh

uhodwlyh vwdqgdug ghyldwlrq ri rxu phdvxuh ri R lv htxdo wr 31<4/ zklfk lv

kljkhu wkdq wkh suhglfwhg ydoxh ri 319: +Wdeoh 9, iru � ' f�2 dqg 4 ' f�bDc

exw qrw zlgho| r� wkh pdun1

8 Hohphqwv ri h{sodqdwlrq

Lq wklv vhfwlrq zh surylgh vrph lqwxlwlrq derxw wkh uhvxowv ri wkh suhfhglqj

vhfwlrq/ dv zhoo dv derxw vrph ihdwxuhv ri wkh htxloleulxp uxohv1

814 Iurp h{shulphqwdwlrq wr lqhuwld

Zh �uvw h{soruh wkh uhdvrqv ehklqg wkh revhuyhg sdwwhuqv ri sulfh lqhuwld dqg

uljlglw| dw kljk ydoxhv ri 4 dqg orz ydoxhv ri ��

Ohw xv �uvw uxoh rxw orfdo lqwhudfwlrq dprqj djhqwv/ l1h1 wr dvvxph � ' ��

Wkhq/ wkh deryh uhvxowv lpso| ixoo uhvsrqvh dqg qr lqhuwld ri wkh sulfh ohyho

iru orz ydoxhv ri 4c exw lqhuwld dqg ohvv wkdq ixoo uhvsrqvh dw kljk ydoxhv ri 4�

Ixuwkhu lqvshfwlrq ri vlpxodwlrq uhvxowv vxjjhvwv wkdw wklv lv hqwluho| gxh wr

shulrgv ri h{shulphqwdwlrq1 Wkdw lv/ li rqh gh�qhv wkh djjuhjdwh sulfh ohyho

dv wkh dyhudjh dprqj �upv zklfk duh qrw fxuuhqwo| h{shulphqwlqj/ wkhq wkh

uhjuhvvlrq frh!flhqw ri wkh djjuhjdwh sulfh ohyho rq prqh| lv djdlq forvh wr

rqh/ zkloh lwv frh!flhqw rq lwvhoi odjjhg rqfh lv djdlq forvh wr }hur1

<Vrxufh= RHFG Pdlq Hfrqrplf Lqglfdwruv1
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Khqfh/ h{shulphqwdwlrq whqgv wr jhqhudwh sulfh lqhuwld iru kljko| fruuh0

odwhg vkrfnv1 Zk| lv wkdw vrB W|slfdoo|/ gxulqj shulrgv ri h{shulphqwdwlrqv

�upv sxuvxh d sulfh uxoh gl�huhqw iurp wkhlu xvxdo rqh/ zklfk whqgv wr jhq0

hudwh pruh dxwrfruuhodwlrq lq sulfhv wkdq lpsolhg e| wkh lqglylgxdo uxohv

wkhpvhoyhv1 Wr jhw d judvs ri wklv skhqrphqrq dqg krz lw uhodwhv wr dxwr0

fruuhodwlrq lq wkh gulylqj vkrfnv +4�c frqvlghu wkh iroorzlqj vlpsoh prgho=

+| ' @|%|c

zkhuh %| lv wkh gulylqj h{rjhqrxv yduldeoh +6| lq rxu prgho,/ dqg +| lv wkh

hqgrjhqrxv yduldeoh +R| lq rxu prgho,1 @| lv d wlph0ghshqghqw frh!flhqw

uhsuhvhqwlqj wkh fxuuhqw uxoh ehlqj xvhg lq rughu wr vhw +| dv d ixqfwlrq ri %|�

Khqfh pryhphqwv lq @ fdswxuh h{shulphqwdwlrqv zlwk wkh uxoh1

Fohduo|/ djhqwv iroorz uxohv wkdw duh frqwhpsrudqhrxv dqg gr qrw ghshqg

rq sdvw yduldeohv1 Iru vlpsolflw| zh vkdoo dvvxph wkdw @| dqg %| iroorz lqgh0

shqghqw surfhvvhv/ dqg wkdw wkh iroorzlqj krogv=

.%| ' f

.@| ' �

.%2
|

' �

.@2
|

' � n j2

@

.%|%|3� ' 4
%

.@|@|3� ' � n 4
@
j2

@

Wkhq/ dq hfrqrphwulfldq zkr zdqwv wr hvwlpdwh wkh uhvsrqvh ri + wr %

xvlqj wkh iroorzlqj uhjuhvvlrq=

+| ' Sf n S�%| n S2+|3�c

zrxog/ e| ohdvw vtxduh wkhru|/ jhw wkh iroorzlqj frh!flhqwv iru d odujh vdpsoh=

Sf ' f

S� '
� n j2

@
� 42

%
E� n 4

@
j2

@
�

� n j2
@
� 42

%

S2 '
4
%
4
@
j2

@

� n j2
@
� 42

%
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Wkhvh irupxodv pdnh lw fohdu wkdw dw 4
%
' f wkh uhjuhvvlrq zrxog |lhog

+ ' %c zkloh dv 4
%
jrhv xs/ S� idoov dqg S2 ulvhv1 Wklv urxjko| fruuhvsrqg wr

wkh sdwwhuq revhuyhg lq wdeohv 4 dqg 51 Rq wkh rwkhu kdqg/ li h{shulphqwdwlrq

glg qrw wdnh sodfh +j@ ' f�c rqh zrxog dozd|v jhw S� ' � dqg S2 ' f uhjdugohvv

ri 4
%
� Dv douhdg| srlqwhg deryh/ wklv lv lqghhg zkdw zh jhw zkhq h{foxglqj

�upv wkdw duh h{shulphqwlqj iurp wkh djjuhjdwh sulfh ohyho1

Wkhuhiruh/ wkh lqhuwld dqg uljlglw| surshuwlhv gr qrw vhhp vr lqwhuhvwlqj/

dv wkh| gr qrw d�hfw �qrupdo� �upv1 Krzhyhu/ zkhq orfdo lqwhudfwlrqv duh

uhlqwurgxfhg lqwr wkh slfwxuh/ lqhuwld vsuhdgv1 Lq rughu wr jhw wkhlu sulfhv

pruh lq olqh zlwk wkdw ri wkhlu qhljkerxu/ zklfk lv dxwrfruuhodwhg ehfdxvh ri

h{shulphqwdwlrq/ �upv whqg wr lqgh{ wkhlu sulfhv rq wkhlu qhljkeru*v suhylrxv

sulfh1 Wkdw lv/ wkh| vhohfw uxohv zlwk d srvlwlyh ydoxh ri Se lq +4,1 Wklv lv

lqghhg zkdw lv revhuyhg/ dv Wdeoh : vkrzv1 E| grlqj vr/ wkh| uhlqirufh lqhuwld

lq wkh djjuhjdwh sulfh ohyho1 Dw wkh vdph wlph/ vlqfh lw lv sur�wdeoh iru wkhp

wr pdlqwdlq orqj0uxq qhxwudolw|/ wklv lv sduwldoo| r�vhw e| d uhgxfwlrq lq

wkhlu sulfh uhvsrqvh wr frqwhpsrudqhrxv prqh| vkrfnv1 Wklv lq wxuq uhgxfhv

djjuhjdwh sulfh uhvsrqvlyhqhvv1

�q4 3 318 31< 31<8
4 03136 03133 03135 03135
31; 3136 3144 3135 3144
319 03133 03135 3143 3147
317 3135 3134 3144 3147
315 03135 3144 3154 315:
314 3134 313< 3158 314<
3138 3136 3146 3166 316<

Wdeoh : � Dyhudjh zhljkw +Se� rq odjjhg ohiw0qhljkeru*v sulfh/ qrq h{shu0

lphqwlqj �upv rqo|1

Wklv phfkdqlvp rqo| wdnhv sodfh li wkh qhljkeru*v sulfh lv vljql�fdqwo|

dxwrfruuhodwhg/ l1h1 li 4 lv odujh hqrxjk1 Li qrw/ wkhq wkh dyhudjh uxoh devhqw

orfdo lqwhudfwlrqv lqyroyhv qr dxwrfruuhodwlrq/ vr wkdw zkhq orfdo lqwhudfwlrq

lv lqwurgxfhg/ lw grhv qrw sd| wr xvh rqh*v qhljkeru*v odjjhg sulfh1
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Ilqdoo|/ kdylqj pruh sulfh lqhuwld dqg ohvv uhvsrqvh wr prqh| whqgv wr

uhgxfh wkh yrodwlolw| ri djjuhjdwh sulfhv li 4 lv odujh hqrxjk/ zklfk h{sodlqv

wkh uhvxowv lq Wdeoh 9143

Wr vxppdul}h= Zkloh devhqw orfdo lqwhudfwlrqv/ lqhuwld dqg uljlglw| vhhp

d vwdwlvwlfdo duwlidfw gxh wr wkrvh �upv wkdw duh h{shulphqwlqj/ zkhq orfdo

lqwhudfwlrqv duh vwurqj/ uljlglw| lv hperglhg lq lqglylgxdo uxohv wkurxjk lq0

gh{dwlrq rq wkh ohiw0qhljkeru*v odjjhg sulfh> wklv lv wkh zd| �upv dgmxvw wr

wkh h{whuqdolw| h{huwhg xsrq wkhp zkhq wkhlu ohiw0qhljkeru h{shulphqwv zlwk

dq dowhuqdwlyh uxoh1

815 Rq huuru0fruuhfwlqj ehkdylru

Lq wklv vxevhfwlrq/ zh h{sodlq rqh dvshfw ri wkh uxohv iroorzhg e| lqglylgxdo

�upv/ qdpho| wkdw wkh| whqg wr kdyh d srvlwlyh ydoxh ri S� dqg d qhjdwlyh

ydoxh ri S�� Wklv ihdwxuh lv edvlfdoo| xquhodwhg wr wkh lqhuwld dqg uhvsrqvh

surshuwlhv dqdo|}hg vr idu1 Zh glvfxvv lw iru frpsohwhqhvv dqg ehfdxvh lw lv

lqwhuhvwlqj rq lwv rzq1

Edvlfdoo|/ li vkrfnv duh fruuhodwhg/ wkh uxohv gr qrw frqyhujh wr wkh rswlpdo

43Frqvlghu wkh vlpsoh djjuhjdwh uxoh=

sw @ �pw . +4� �,sw�4 . %w>

zkhuh pw iroorzv

pw @ �pw�4 . �
w

Dvvxph wkdw %w> zklfk pd| eh lqwhusuhwhg dv h{shulphqwdwlrq/ dqg �
w
duh xqfruuhodwhg1

Wkhq wkh yduldqfh ri sw lv jlyhq e|

Y du+s, @
�5
%

4� +4� �,5
.

�5
�

�
�5�5

+4� �� �,5+4� �5,
.

�5+4� �,5

+4� �� �,5+4� +4� �,5,

�

Iru � odujh hqrxjk/ wkh whup lq �
5
�
5

+4����,5+4��5, > zklfk lv lqfuhdvlqj lq �> grplqdwhv1
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rqh R�| ' 6|c exw/ udwkhu/ wr dq huuru0fruuhfwlqj uxoh ri wkh w|sh=

R�| ' k6| n qE6|3� � R�|3�� +7,

Wklv lv frq�uphg li rqh orrnv dw wkh dyhudjh ydoxhv ri wkh uxoh frh!flhqwv

ESfc S�c S2c S�c Se�� Dw wkh hqg ri wkh �uvw vlpxodwlrq zlwk � ' � dqg 4 ' fc iru

h{dpsoh/ wkh dyhudjh dfurvv �upv ri wkhvh frh!flhqwv lv jlyhq e|

Sf �f�ff�D
S� f��fD
S2 ��f2
S� f�f�S
Se �f��2�

Wdeoh ; � Dyhudjh uxoh iroorzhg lq rqh vlpxodwlrq zlwk � ' � dqg 4 ' f�

Fohduo|/ wklv lv txlwh forvh wr wkh rswlpdo uxoh R ' 6� Rq wkh rwkhu kdqg/

dw wkh hqg ri wkh �uvw vlpxodwlrq zlwk � ' � dqg 4 ' f�bDc wkh dyhudjh ydoxhv

ri wkhvh frh!flhqwv lv jlyhq e|

Sf �f�fe�
S� �e�2
S2 ��f.
S� �f��SH
Se �f�f2S

Wdeoh < � Dyhudjh uxoh iroorzhg lq rqh vlpxodwlrq zlwk � ' � dqg 4 ' f�bD�

Wkh frh!flhqw rq 6 lv djdlq forvh wr rqh/ exw wkhuh lv qrz d vwurqj huuru

fruuhfwlrq frpsrqhqw1

Li k ' � dqg qr huuru lv lqlwldoo| pdgh/ dq| huuru0fruuhfwlqj uxoh lv dv

jrrg dv wkh rswlpdo uxoh1 Exw/ li k lv forvh wr exw gl�huhqw iurp rqh/ huuruv

zloo eh pdgh/ dqg dq huuru0fruuhfwlqj uxoh zloo kdyh d ehwwhu shuirupdqfh

e| phfkdqlfdoo| r�vhwwlqj wkh huuruv gxh wr wkh lqdssursuldwh ydoxh ri k lq

vxevhtxhqw sulfhv1

Lq idfw/ wkh rswlpdo ydoxh ri wkh huuru0fruuhfwlrq frh!flhqw q lv lqghshq0

ghqw ri kc vr wkdw zh vkrxog h{shfw �upv wr frqyhujh wr huuru0fruuhfwlqj uxohv

zlwk wklv ydoxh ri q dqg k ' �c vlqfh/ dorqj wkh zkroh ri wkhlu frqyhujhqfh

4;



sdwk zkhuh k 9' �c wkh| zloo eh ehwwhu0r� e| xvlqj vxfk dq huuru0fruuhfwlrq

whup1 Wr sxw lw rwkhuzlvh/ wkh huuru0fruuhfwlqj uxoh lv urexvw wr prgho xq0

fhuwdlqw|/ zkloh wkh rswlpdo uxoh lv qrw1

Wr vhh wklv/ qrwh wkdw li � ' �c dqg dvvxplqj wkh frqvwdqw whup Sf wudfnv

wkh phdq ri 6c wkh remhfwlyh ixqfwlrq ri dq| �up lv

�T @oE6| � R�|�

Li dq huuru0fruuhfwlqj uxoh vxfk dv +7, lv iroorzhg/ wkhq zh kdyh

6| � R�| '
E�� k�

� n qu
6|

Vxevwlwxwlqj lq wkh prqhwdu| surfhvv/ zh jhw

6| � R�| '
E�� k�

� n qu

�

�� 4u
0|�

Idfwrul}lqj/ dqg frpsxwlqj wkh yduldqfh/ zh jhw

T @oE6| � R�|� '
E�� k�2j2

0

E4n q�2

�
q2

E�� q2�
n

42

E�� 42�
n

2q4

� n q4

�

Wkhuh h{lvwv dq rswlpdo ydoxh ri q zklfk plqlpl}hv wkh UKV/ dqg lw rqo|

ghshqgv rq 4�

Lw lv hdv| wr vroyh wklv htxdwlrq qxphulfdoo|1 Wkh iroorzlqj wdeoh jlyhv wkh

vroxwlrq dv d ixqfwlrq ri 4c zkhuh 4 wdnhv wkh ydoxhv wkdw zh kdyh xvhg=

4 q
3 3
318 3176
31< 31:7
31<8 31;4

Wdeoh 43 � Wkhruhwlfdo ydoxhv ri wkh huuru0fruuhfwlrq whup xqghu � ' ��

Vxusulvlqjo|/ li rqh frpsduhv wkh odvw olqh zlwk wdeoh </ zklfk lpsolhv

d ydoxh ri q dw durxqg 317/ wklv lv vxevwdqwldoo| deryh wkh huuru0fruuhfwlrq

frh!flhqwv irxqg lq wkh vlpxodwlrqv1 Exw wkh srlqw uhpdlqv wkdw erwk wkh

wkhruhwlfdo dqg dfwxdo ydoxhv lqfuhdvh zlwk 4 dqg duh htxdo wr }hur iru 4 ' f�

4<



Qrwh wkdw huuru fruuhfwlrq lv rqo| ydoxdeoh li vkrfnv duh fruuhodwhg/ wkdw

lv li wkh xqnqrzq wdujhw sulfh dw | lv uhodwhg wr wkh xqnqrzq wdujhw sulfh dw

|� �� Rqo| lq wklv fdvh grhv fruuhfwlqj sdvw huuruv eulqj wkh �up rq dyhudjh

forvhu wr wkh rswlpxp lq vxevhtxhqw shulrgv1 Rwkhuzlvh/ wkh huuru fruuhfwlrq

whup rqo| dggv qrlvh wr wkh sulfh surfhvv1

9 Frqfoxvlrq

Wklv sdshu kdv surylghg hyroxwlrqdu| irxqgdwlrqv iru djjuhjdwh sulfh ohyho

vwlfnlqhvv lq wkh idfh ri vkrfnv wr qrplqdo djjuhjdwh ghpdqg1 Vwlfnlqhvv

hyroyhv zkhq orfdo lqwhudfwlrqv duh vwurqj dqg vkrfnv duh kljko| fruuhodwhg

dfurvv wlph/ dv dq rxwfrph ri lqglylgxdo djhqwv* whqghqf| wr h{shulphqw zlwk

dowhuqdwlyh sulflqj uxohv1

D qdwxudo h{whqvlrq ri wkh prgho zrxog eh wr lqwurgxfh lglrv|qfudwlf

vkrfnv/ vd| vkrfnv wr surgxfwlrq frvwv1 Wkh prgho zrxog wkhq kdyh wkh

srwhqwldo wr fdswxuh wkh hyroxwlrq ri wkh glvwulexwlrq ri sulfhv144

Dv zh douhdg| srlqwhg rxw/ wkh prgho frxog eh dssolhg wr d ydulhw| ri

vhwwlqjv zkhuh djhqwv duh lpshuihfwo| udwlrqdo/ orfdo lqwhudfwlrqv suhydlo/ dqg

wkhuh duh djjuhjdwh vkrfnv1

44Vhh Odfk dqg Wvlggrq +4<<5, iru dq hpslulfdo dqdo|vlv1
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UHIHUHQFHV

Dnhuori/ Jhrujh dqg Mdqhw \hoohq +4<;8,/ �D qhdu0udwlrqdo prgho ri wkh

exvlqhvv f|foh/ zlwk zdjh dqg sulfh lqhuwld�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

433+8,/ ;5606;

Dqghuvrq/ Sklols Z1/ Nhqqhwk M1 Duurz dqg Gdylg Slqhv +4<;;,/ Wkh

Hfrqrp| dv dq hyroylqj frpsoh{ v|vwhp1 Vdqwd Ih= Vdqwd Ih Lqvwlwxwh1

Duwkxu/ Z1 Euldq/ Vwhyhq Q1 Gxuodxi/ dqg Gdylg Odqh +4<<:,/ Wkh Hfrq0

rp| dv dq hyroylqj frpsoh{ v|vwhp LL1 Vdqwd Ih= Vdqwd Ih Lqvwlwxwh1

Dulirylf/ Mdvplqd +4<<9,/ �Wkh ehkdylru ri wkh h{fkdqjh udwh lq wkh jh0

qhwlf dojrulwkp dqg h{shulphqwdo hfrqrplhv� Mrxuqdo ri Srolwlfdo Hfrqrp|

437+6, 843074

������� +5334,/ �Hyroxwlrqdu| dojrulwkpv lq pdfurhfrqrplf prg0

hov� Pdfurhfrqrplf G|qdplfv

Edoo/ Odxuhqfh dqg Gdylg Urphu +4<<4,/ �Vwlfn| sulfhv dv frruglqdwlrq

idloxuh�/ Dphulfdq Hfrqrplf Uhylhz ;4+6,/ 86<085

Eduur/ Urehuw dqg Khuvfkho Jurvvpdq +4<:4,/ �D jhqhudo glvhtxloleulxp

prgho ri lqfrph dqg hpsor|phqw� Dphulfdq Hfrqrplf Uhylhz 94+4,/ ;50<6

Eìqdvv|/ Mhdq0Sdvfdo +4<:8,/ �Qhr0Nh|qhvldq glvhtxloleulxp wkhru| lq d

prqhwdu| hfrqrp|�/ Uhylhz ri Hfrqrplf Vwxglhv 75+7,/ 4<:8/ 836056

�������� +4<:9,/ �Wkh glvhtxloleulxp dssurdfk wr prqrsrolvwlf

sulfh vhwwlqj dqg jhqhudo prqrsrolvwlf glvhtxloleulxp�/ Uhylhz ri Hfrqrplf

Vwxglhv 76+4,/ 4<:9/ 9<0;4

Eodqfkdug/ Rolylhu dqg Qrexklur Nl|rwdnl +4<;:,/ �Prqrsrolvwlf frp0

shwlwlrq dqg wkh h�hfwv ri djjuhjdwh ghpdqg�/ Dphulfdq Hfrqrplf Uhylhz

::+7,/ 97:0999

Eud|/ Pdujduhw P1 +4<;5, �Ohduqlqj/ hvwlpdwlrq/ dqg wkh vwdelolw| ri

udwlrqdo h{shfwdwlrqv� Mrxuqdo ri Hfrqrplf Wkhru| 59/ 64;066<

Eurfn/ Zlooldp dqg Vwhyhq Q1 Gxuodxi +5334, �Glvfuhwh fkrlfh zlwk vrfldo

lqwhudfwlrqv� Uhylhz ri Hfrqrplf Vwxglhv 9;+5,/ 568093

Fdedoohur/ Ulfdugr dqg Hgxdugr Hqjho +4<<6, �Khwhurjhqhlw| dqg rxwsxw

 xfwxdwlrqv lq d g|qdplf phqx frvw hfrqrp|� Uhylhz ri Hfrqrplf Vwxglhv
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93+4,/ <8044<

Fdsolq/ Dqguhz dqg Gdqlho I1 Vsxoehu +4<;:, �Phqx frvwv dqg wkh qhx0

wudolw| ri prqh|� Txduwhuo| Mrxuqdo ri Hfrqrplfv 435+7,/ :36058

Gxuodxi/ Vwhyhq Q1 +4<<4, �Pxowlsoh htxloleuld dqg shuvlvwhqfh lq djjuh0

jdwh  xfwxdwlrqv�/ Dphulfdq Hfrqrplf Uhylhz/ Pd|/ ;4+5,/ :30:7

�������+4<<9, �Vwdwlvwlfdo phfkdqlfv dssurdfkhv wr vrflr0hfrqrplf

ehkdylru�/ QEHU whfkqlfdo sdshu &536

Hoolvrq/ Johqq +4<<6,/ �Ohduqlqj/ orfdo lqwhudfwlrq/ dqg frruglqdwlrq�

Hfrqrphwulfd 94+8,/ 437:0:4

Hoolvrq/ Johqq dqg Guhz Ixghqehuj +4<<6,/ �Uxohv ri wkxpe iru vrfldo

ohduqlqj�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 434+7,/ 945076

Hydqv/ J1Z1 dqg Vhssr Krqndsrkmd +4<<8, �Orfdo frqyhujhqfh ri uh0

fxuvlyh ohduqlqj wr vwhdg| vwdwhv dqg f|fohv lq vwrfkdvwlf qrqolqhdu prghov�/

Hfrqrphwulfd 96/ 4<805<9

Ilvfkhu/ Vwdqoh| +4<::, �Orqj0whup frqwudfwv/ udwlrqdo h{shfwdwlrqv/ dqg

wkh rswlpdo prqh| vxsso| uxoh�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8+4,/ 4<40

538

Judqgprqw/ Mhdq0Plfkho dqg Jx| Odurtxh +4<<3,/ �Vwdelolw|/ h{shfwd0

wlrqv/ dqg suhghwhuplqhg yduldeohv� lq Sdxo Fkdpsvdxu hw do/ hgv1 Hvvd|v lq

Krqru ri Hgprqg Pdolqydxg/ yro1 41 Fdpeulgjh PD= PLW Suhvv/ :40<5

Kduulqjwrq/ Mrvhsk H1 +4<<;,/ �Wkh vrfldo vhohfwlrq ri  h{leoh dqg uljlg

djhqwv�/ Dphulfdq Hfrqrplf Uhylhz ;;+4,/ 960;5

�������� +4<<<,/ �Wkh uljlglw| ri vrfldo v|vwhpv�/ Mrxuqdo ri

Srolwlfdo Hfrqrp| 43:+4,/ 73097

Nl|rwdnl/ Qrexklur dqg Udqgdoo Zuljkw +4<;<,/ �Rq prqh| dv d phglxp

ri h{fkdqjh�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:+7,/ <5:087

Odfk/ Vdxo dqg Gdqlho Wvlggrq +4<<5, �Wkh ehkdylru ri sulfhv dqg lq0

 dwlrq= Dq hpslulfdo dqdo|vlv xvlqj glvdjjuhjdwhg sulfh gdwd�/ Mrxuqdo ri

Srolwlfdo Hfrqrp| 433+5,/ 67<0;<

OhEdurq/ Eodnh/ Z1 Euldq Duwkxu/ dqg Ulfkdug Sdophu +4<<<, �Wlph vh0

ulhv surshuwlhv ri dq duwl�fldo vwrfn pdunhw�/ Mrxuqdo ri Hfrqrplf G|qdplfv
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dqg Frqwuro 56+<043, 47;:04849

Olqgehfn/ Dvvdu dqg Vqrzhu/ Ghqqlv +4<<<,/ �Sulfh g|qdplfv dqg sur0

gxfwlrq odjv�/ Dphulfdq Hfrqrplf Uhylhz ;<+5,/ Pd|/ ;40;;

Pdqnlz/ Q1 Juhjru| +4<;8,/ �Vpdoo phqxq frvwv dqg odujh exvlqhvv f|0

fohv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43+5, 85<06;

Pdufhw/ Doehuw dqg Wkrpdv M1 Vdujhqw +4<;<, �Frqyhujhqfh ri ohdvw

vtxduhv ohduqlqj lq hqylurqphqwv zlwk klgghq vwdwh yduldeohv dqg sulydwh

lqirupdwlrq� Mrxuqdo ri Srolwlfdo Hfrqrp| <:+9,/ 4639055

Pdufhw/ Doehuw/ dqg Mxdq Sdeor Qlfrolol +4<<:, �Uhfxuuhqw k|shulq dwlrqv

dqg ohduqlqj�/ Xqlyhuvlwdw Srpshx Ideud zrunlqj sdshu/ Qryhpehu 4<<:

Pdulprq/ Udprq/ Hoohq PfJudwwdq dqg Wkrpdv M1 Vdujhqw �Prqh| dv

d phglxp ri h{fkdqjh lq dq hfrqrp| zlwk duwl�fldoo| lqwhooljhqw djhqwv�/

Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 47+5,/ 65<0:6

Qhovrq/ Ulfkdug dqg Vlgqh| Zlqwhu +4<;8, Dq Hyroxwlrqdu| Wkhru| ri

Hfrqrplf Fkdqjh

Urwhpehuj/ Mxolr +4<;5, �Vwlfn| sulfhv lq wkh Xqlwhg Vwdwhv�/ Mrxuqdo ri

Srolwlfdo Hfrqrp| <3+9,/ 44;:04544

Vdujhqw/ Wkrpdv M1 +4<<6,/ Erxqghg udwlrqdolw| lq pdfurhfrqrplfv1 R{0

irug= R{irug Xqlyhuvlw| Suhvv

Wd|oru/ Mrkq E1 +4<;3, �Djjuhjdwh g|qdplfv dqg vwdjjhuhg frqwudfwv�

Mrxuqdo ri Srolwlfdo Hfrqrp| ;;+4,/ 4056
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