
Orqj0Uxq Zhdowk Glvwulexwlrq

zlwk Udqgrp Vkrfnv

Fkulvwrskhu Eolvv

Dxjxvw 4/ 4<<9

Devwudfw

D vwdqgdug qhrfodvvlfdo frqyhujhqfh prgho lq zklfk zhdowk dffxpxodwlrq

lv vxemhfw wr udqgrp vkrfnv lv h{dplqhg1 Wkh irfxv lv rq wkh olplwlqj/ ru

hujrglf/ glvwulexwlrq ri zhdowk1 Wklv glvwulexwlrq vdwlv�hv d Iuhgkrop lqwhjudo

htxdwlrq1 Gluhfw pdwkhpdwlfdo vroxwlrq lv qrw srvvleoh1 Krzhyhu uhvxowv

rewdlqhg fkdudfwhul}h wkh olplwlqj glvwulexwlrq ri wkh orjdulwkpv ri zhdowk

ydoxhv dv d vlqjoh0shdnhg glvwulexwlrq1 Lw lv dv|pphwulf zlwk wkh ohiw0kdqg wdlo

pruh khdylo| zhljkwhg1 Lw iroorzv wkdw prghov zklfk wuhdw zhdowk wudqvlwlrq

dv sxuho| udqgrp ohdg wr txdolwdwlyho| gl�huhqw rxwfrphv iurp wkrvh lpsolhg

e| wkh qhrfodvvlfdo frqyhujhqfh prgho dxjphqwhg e| udqgrp vkrfnv1

MHO Fodvvl�fdwlrq= G6 H4

Nh|zrugv= Zhdowk Glvwulexwlrq/ Udqgrp Vkrfnv/ Rswlpdo Vdylqj
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314 Frqyhujhqfh

Wkh Qhrfodvvlfdo frqyhujhqfh prgho kdv ehhq lq xhqwldo lq uhfhqw |hduv1 Lq

lwv edvlf irup lw vd|v wkdw doo frxqwulhv whqg wr frqyhujh wr d frpprq ohyho ri

fdslwdo dqg rxwsxw shu khdg1 Wkh wkhru| ohdgv wr d uhodwlrqvkls vlplodu wr=

&|n� ' s d&|o +4,

zkhuh &| lv wkh orjdulwkp ri zhdowk +ru lqfrph,/ dqg wkhuh lv d xqltxh vwdeoh

ydoxh ri & ' &�/ vxfk wkdw &� ' s d&�o1 Wkh ixqfwlrq s d�o zloo eh dvvxphg wr

eh vwulfwo| frqfdyh1 Iru vwdelolw| rqh pxvw kdyh=

%
Ys d&o

Y&

&
&'&W

	 � +5,

Wkhq +5,/ wrjhwkhu zlwk vwulfw frqfdylw|/ doorz wkhuh wr eh d vhfrqg/ xq0

vwdeoh/ htxloleulxp iru d ydoxh ri & 	 &�> lq zklfk fdvh & ' �4 zloo eh d

wklug +vwdeoh, htxloleulxp1

Vxfk pxowlsoh htxloleulxp zloo qrw eh hqfrxqwhuhg li wkh ixqfwlrq s d�o

lv gh�qhg iurp hlwkhu d Udpvh| rswlpdo vdylqj prgho/ ru iurp d frqvwdqw

vdylqj vkduh Vrorz0Vzdq jurzwk prgho1 Hyhq lq wkhvh lqvwdqfhv/ lw pd| eh

wkdw=

u�6&<3" ds E&�o ' �4 +6,

Lq zklfk fdvh wkhuh lv dq xqvwdeoh }hur zhdowk sryhuw| wuds htxloleulxp1

Lq hpslulfdo vwxglhv wkh xvxdo sudfwlfh lv wr zrun zlwk d sduwlfxodu olq0

hdul}hg yhuvlrq ri wkh uhodwlrq +4,/ yl}=

&|n� � &| ' s d&|o� &| ' k� q � &| n "| +7,
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dqg wr uhjuhvv &|n�� &| rq &|1 Zlwk f 	 q 	 �/ wkh qrupdo �qglqj/ htxdwlrq

+5, vd|v wkdw rq dyhudjh srru frxqwulhv jurz idvwhu wkdq ulfk frxqwulhv1 Wklv

kdv ehhq fdoohg q�frqyhujhqfh1 Wkdw lv qrw wkh vdph dv j�frqyhujhqfh/

zklfk phdqv wkdw wkh yduldqfh ri wkh srsxodwlrq ri & ydoxhv ghfolqhv ryhu

wlph41

Iulhgpdq +4<<5, dffxvhg wkh dssurdfk edvhg rq uhjuhvvlrqv olnh +7, ri

�Jdowrq*v Idoodf|� rq wkh jurxqg wkdw qrq0shuvlvwhqw udqgrp  xfwxdwlrqv

lq &| doorz wkh srvvlelolw| ri d srvlwlyh frh!flhqw q hyhq li wkh srsxodwlrq

yduldqfh ri & zhuh wr vkrz qr grzqzdug wuhqg1 Wklv lv fruuhfw/ li qrw dv zhoo

h{suhvvhg dv lw pljkw eh1 Wkh uhihuhqfh wr udqgrp  xfwxdwlrqv lq &| vxjjhvwv

huuruv lq yduldeohv/ d idprxv Iulhgpdq wkhph/ exw qrw wkh rqh dw lvvxh khuh1

Wkh srlqw frxog eh h{suhvvhg pruh gluhfwo| e| vd|lqj wkdw li +7, lv wkh

wuxh prgho/ wkhq=

&|n� ' k� Eq � �� � &| n "| +8,

lq zklfk fdvh/ vkrxog zh revhuyh d ydoxh ri &| idu iurp wkh srsxodwlrq phdq/

hlwkhu &|3� zdv idu iurp wkh srsxodwlrq phdq/ ru "E| � �� zdv h{fhhglqjo|

vpdoo1 Lq hlwkhu fdvh wkh h{shfwhg ydoxh ri &|n� frqglwlrqdo rq &| lv k�Eq����

&| zklfk zloo eh forvhu wr wkh srsxodwlrq phdq1 Krzhyhu qrwklqj lv lpsolhg

iru j� frqyhujhqfh1 Lqghhg lw fdq eh vkrzq/ dv zloo eh vhhq ehorz/ wkdw d

surfhvv vxfk dv +8, lv frqvlvwhqw zlwk d srsxodwlrq ghqvlw| ri & ydoxhv zklfk lv

lqyduldqw ryhu wlph lq wkh vhqvh wkdw lw uhsurgxfhv lwvhoi qh{w shulrg/ dowkrxjk

lqglylgxdo ydoxhv zloo ydu|/ sduwo| v|vwhpdwlfdoo|/ vkrzlqj q0frqyhujhqfh/ dqg

sduwo| udqgrpo|/ gxh wr vwrfkdvwlf uhdolvdwlrqv ri "|1

Txdk +4<<6, qrwhg lqghshqghqwo| wkdw d Jdowrq*v Idoodf| sureohp h{0

lvwv1 Txdk frqvlghuv lqfrph dv d sxuh Pdunry surfhvv1 Dffruglqj wr wklv

4Iru d fohdu h{srvlwlrq ri wkh wzr frqfhswv ri fryhujhqfh/ dqg hpslulfdo glvfxvvlrq/ vhh

Vdod0l0Pduwlq +4<<9,1
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dxwkru/ wkh surfhvv grhv qrw vkrz frqyhujhqfh dffruglqj wr wkh gdwd1 Udwkhu

frxqwulhv glylgh lqwr wzr jurxsv/ ulfk dqg srru1 Vhh dovr Txdk +4<<9d, dqg

+4<<9e,1 Wkhuh lv d whqghqf| wr frqyhujhqfh zlwklq wkh wzr jurxsv1 Wkhuh

duh dovr qrq0qhjoljleoh suredelolwlhv wkdw d frxqwu| zloo vkliw iurp rqh jurxs

wr wkh rwkhu1 Lqghhg Edqjodghvk zloo ehfrph ulfkhu wkdq wkh XVD zlwk sure0

delolw| 4/ li rqh mxvw zdlwv orqj hqrxjk1 Wklv lv d ihdwxuh ri dq| prgho zklfk

lqfoxghv vhuldoo| xqfruuhodwhg udqgrp vkrfnv1

Wkh ruljlqdo frqyhujhqfh wkhrulvwv 0 vxfk dv Eduur 0 rq wkh rqh kdqg> dqg

Iulhgpdq dqg Txdk hdfk rqh/ rq wkh rwkhu/ doo gl�hu vljql�fdqwo| lq wkhlu

ylhzv/ dqg wkh| gl�hu iurp Jdowrq wrr1 Jdowrq qrwhg uhjuhvvlrq wrzdugv

wkh phdq ri kxpdq khljkwv1 Wkdw hqwdlov wkdw fkloguhq ri h{fhswlrqdoo| wdoo

idwkhuv whqg wr kdyh khljkwv forvhu wr wkh srsxodwlrq phdq1 Jdowrq*v idoodf|

zdv wr lqihu wkdw wkh yduldqfh ri khljkwv lv ghfolqlqj/ lq wkh vhqvh wkdw wkh

srsxodwlrq ri khljkwv lv prylqj wr d frpprq phdq1 Frqvlghu wzr h{wuhph

fdvhv1 Wkh lqfrphv ri lqglylgxdo djhqwv duh gudzq iurp d frpprq glvwul0

exwlrq/ lqghshqghqwo| e| wlph dqg djhqw1 Wkh yduldqfh ri wkh glvwulexwlrq

ghfolqhv wkurxjk wlph/ vr wkdw lqhtxdolw| whqgv wr ghfuhdvh1 Frqyhujhqfh

krzhyhu lv vwurqjhu wkdq wkh ghfolqh lq ryhudoo lqhtxdolw|/ dv wkhuh lv uhjuhv0

vlrq wr wkh phdq1 Dq djhqw zlwk d yhu| orz gudzlqj dw | lv kljko| olnho| wr

gr ehwwhu dw |n �1 Dowhuqdwlyho|/ dvvxph wkdw srvlwlrq lq wkh glvwulexwlrq lv

�{hg rqfh dqg iru doo e| wkh lqlwldo gudzlqj1 Lqhtxdolw| idoov ryhu wlph exw

wkhuh lv olwwoh frqyhujhqfh1

Wkxv li +7, ghvfulehv wkh zruog wkhuh zloo eh q0frqyhujhqfh1 Wkhuh pd|

ru pd| qrw eh j0frqyhujhqfh1 Vxssrvh/ iru lqvwdqfh/ wkdw zh vwduw zlwk doo &

ydoxhv yhu| forvh wrjhwkhu1 Wkh uhjuhvvlrq frh!flhqw q pd| eh srvlwlyh dqg

	 �1 \hw & ydoxhv zloo whqg wr glyhujh/ ehfdxvh wkh vfdwwhulqj h�hfwv gxh wr

vwrfkdvwlf vkrfnv zloo suhgrplqdwh1 Htxdoo|/ li & ydoxhv duh lqlwdoo| h{wuhpho|
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glyhuvh/ zh zloo vhh erwk q0frqyhujhqfh dqg j0frqyhujhqfh1

D fuxfldo uroh lv dozd|v sod|hg e| wudqvlwlrq suredelolwlhv> wkdw lv suredelo0

lwlhv/ ru suredelolw| ghqvlwlhv/ dwwdfklqj wr dq lqglylgxdo xqlw zklfk lv lq rqh

vwdwh ehlqj lq dqrwkhu vwdwh qh{w shulrg1 Vxfk wudqvlwlrq suredelolwlhv pd|

eh frpsxwhg iurp dq xqghuo|lqj prgho vshfl�fdwlrq1 Ru wkh| pd| vlpso|

eh dvvxphg/ dv lv grqh lq pdq| Pdunry prghov wr eh glvfxvvhg ehorz1

Wkh wkhrulvwv duh wkhrulvwv= wkh| ghulyh d uhodwlrqvkls iurp wkhru| dqg

wu| wr hvwlpdwh d frh!flhqw1 Wkh| kdyh wr dgplw wkdw wkhuh lv d udqgrp hoh0

phqw/ ehfdxvh rqh fdqqrw gr hfrqrphwulfv zlwkrxw pdnlqj wkdw dvvxpswlrq1

Krzhyhu wkh lghd wkdw doo wudqvlwlrq lv udqgrp/ dv lq Pdunry prghov/ lv frq0

wudu| wr wkh wkhrulvw*v sulru ylhz ri wkh sureohp1 Lghdoo| hvwlpdwlrq vkrxog

eh edvhg rq wkh sulru wkhruhwlfdo ylhz/ dqg vkrxog dovr dyrlg eldvhv ru rwkhu

sureohpv1 Wkh wkhru| vkrxog eh khosixo lq ghflglqj zkdw wkrvh sureohpv

pljkw eh1

315 Pdunry Vwrfkdvwlf Surfhvv Prghov

Fkdpshuqrzqh +4<86, glylghv lqfrph lqwr glvfuhwh udqjhv1 Kh vkrzv wkdw li

wkh ohqjwkv ri wkh lqwhuydov duh lq jhrphwulf surjuhvvlrq dqg wkh wudqvlwlrq

suredelolwlhv ghshqg rqo| rq wkh qxpehu ri lqwhuydo glylvlrqv furvvhg +lqfoxg0

lqj }hur, wkhq wkh olplw glvwulexwlrq vdwlv�hv Sduhwr*v odz1 Qrwlfh wkdw li rqh

zrunhg lq wkh orjdulwkp ri lqfrphv/ wkh jhrphwulf surjuhvvlrq dvvxpswlrq

zrxog htxdwh wr dvvxplqj htxdo lqwhuydov lq orj lqfrph1 Zrog dqg Zklwwoh

+4<8:, duh forvhvw wr wkh dssurdfk ri wkh suhvhqw sdshu lq wkdw wkh| dv0

vxph dq dffxpxodwlrq htxdwlrq iru zhdowk 0 frpsrxqg jurzwk lq wkhlu fdvh1

Wklv dffxpxodwlrq surfhvv grhv qrw e| lwvhoi h{klelw d whqghqf| wr frqyhu0

jhqfh1 Zkdw vwrsv hvwdwhv jurzlqj zlwkrxw erxqg lv wkdw udqgrp pruwdolw|

lqwhuyhqhv/ zkhq dq hvwdwh lv glylghg htxdoo| dprqj ? lqkhulwruv1 Wkhvh
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dxwkruv �qg wkdw d Sduhwr glvwulexwlrq wr eh dq dv|pswrwlf htxloleulxp ri

wkhlu surfhvv1 Vwhlqgo +4<:5, jhqhudol}hv wkh Zrog dqg Zklwwoh prgho e| vxe0

vwlwxwlqj d jhqhudo olihwlph suredelolw| ixqfwlrq iru wkh h{srqhqwldo olihwlph

vshfl�fdwlrq ri wkh ruljlqdo1

Txdk +4<<6, dqg +4<<9d, fdq eh vhhq dv whvwlqj d qrq0wkhruhwlfdo sulru/

dffruglqj wr zklfk wkh wudqvlwlrq surfhvv lv sxuho| udqgrp1 Kh uhmhfwv wkdw

prgho exw qrw lq wkh gluhfwlrq ri joredo frqyhujhqfh> udwkhu kh �qgv orfdo

frqyhujhqfh1 Zkdw grhv wkh Jdowrq idoodf| phdq iru TxdkB Frqvlghu re0

vhuydwlrqv ri lqfrph + wdnhq dw wzr wlphv/ fdoohg 4 dqg 5 zlwkrxw orvv ri

jhqhudolw|1 Vxssrvh wkdw +� dqg +2 duh gudzq iurp d glvwulexwlrq zlwk mrlqw

suredelolw| ghqvlw|=

� d+�c +2o +9,

iru zklfk +� dqg +2 kdyh d frpprq phdq +f1 Txdk qrwhv wkdw hyhq li wkh

fryduldqfh ri +� dqg +2 lv srvlwlyh/ wkhuh duh ydulrxv srvvlelolwlhv iru wkh

hujrglf olplw ri +| zkhq +|n� ydoxhv duh rewdlqhg e| uhshdwhgo| gudzlqj +|n�

iurp wkh glvwulexwlrq=

� d+|n�c +|o +:,

lqfoxglqj frqyhujhqfh/ sduwldo frqyhujhqfh dqg qr frqyhujhqfh dw doo1

Iulhgpdq sursrvhv d vroxwlrq wr wkh Jdowrq*v idoodf| sureohp/ zklfk lv

wr uhjuhvv &|n� � &| rq &|n�/ zkhuh kh �qgv d zhdn �w dqg d orz frh!flhqw1

Li wkh sureohp zhuh dv ghvfulehg e| Txdk/ wklv zrxog qrw khos dw doo1

Wr nhhs pdwwhuv vlpsoh/ vxssrvh wkdw wkh wuxh prgho lv=

&|n� ' kn q � &| n "| +;,
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zkhuh f 	 q 	 �1 Eduur uhjuhvvhv & E|n �� � &| rq &|> zkloh Iulhgpdq

uhjuhvvhv & E|n ��� &| rq &|n�1
51

Iurp +;,=

&|n� � &| ' k � E� � q� � &| n "| +<,

Dovr/ iurp +;,=

&| '
&|n� � k� "|

q
+43,

Wkhuhiruh=

&|n� � &| '
k

q
�

�� q

q
&|n� n

"|

q
+44,

Wkxv li +;, lv wkh gdwd jhqhudwlqj surfhvv/ zlwk q ' f�b./ zklfk/ qrwlfh/

lv d kljk ohyho ri shuvlvwhqfh/ d Eduur uhjuhvvlrq dv +7, zloo �qg wkh frh!flhqw

rq &| wr eh �f�f�/ zkloh Iulhgpdq*v uhjuhvvlrq zloo �qg wkh frh!flhqw rq

&|n� wr eh �

f�f�

f�b.
' �f�f�fb�/ doprvw wkh vdph> dqg erwk wkh lqwhufhsw dqg

wkh yduldqfh ri huuruv zloo eh qhduo| wkh vdph1 Zlwk q forvh wr �/ Iulhgpdq*v

ghylfh ri uhjuhvvlqj wkh jurzwk udwh rq �qdo ohyho vkrxog pdnh olwwoh gl�huhqfh1

Iulhgpdq/ krzhyhu/ kdv lq plqg vpdoohu ydoxhv ri q wkdq wkh f�b� ydoxh

wdnhq deryh1 Reylrxvo|/ zlwk q pxfk vpdoohu/ wkh wzr uhjuhvvlrqv glyhujh

frqvlghudeo|1 Iulhgpdq vkrzv wklv kdsshqlqj iru wkh RHFG frxqwulhv ryhu

wkh shulrg 4<83 wr 4<:<1 Qrw vxusulvlqjo| iru wklv orqj shulrg/ wkh shuvlvwhqfh

frh!flhqw lv qrw vr odujh1 Zlwk q ' �b./ wkh 5<0|hdu shuvlvwhqfh frh!flhqw

zrxog eh �e�1 Zlwk vxfk d ydoxh lw zloo eh vhhq/ frpsdulqj htxdwlrqv +<,

dqg +44,/ wkdw Iulhgpdq*v �qdo |hdu lqfrph rq jurzwk uhjuhvvlrq zloo lqyroyh

d odujhu lqwhufhsw dqg juhdwhu yduldqfh durxqg wkh uhjuhvvlrq olqh1 Wklv lv

h{dfwo| zkdw Iulhgpdq �qgv1

5
Qrwh wkdw Iulhgpdq lv glvfxvvlqj lqfrph/ zkhuh wkh suhvhqw sdshu pdlqo| kdv zhdowk

lq plqg1

:



Wkh wkhru| suhglfwv wkdw s d&|o zloo eh frqfdyh/ suredeo| vwulfwo| frqfdyh/

zkloh riwhq d olqhdu irup lv whvwhg1 Dovr/ d udqgrp hohphqw lv lqfoxghg lq

wkh hpslulfv exw qrw wdnhq lqwr dffrxqw lq wkh wkhru|1 Wklv sdshu dwwhpswv

d wkhruhwlfdo dqdo|vlv ri d prgho lq zklfk lqglylgxdo �frxqwulhv� duh dffx0

pxodwlqj zhdowk dffruglqj wr wkh uxoh +4,/ exw duh vxemhfw wr udqgrp vkrfnv

zklfk wkurz wkhp r� frxuvh hdfk shulrg1 Wkh dffxpxodwlrq uxoh pd| uh hfw

wkh idfw ri wkh udqgrp vkrfnv1

Lq jhqhudo wkh lqwhughshqghqfh ri djhqwv* ghflvlrqv qhhgv wr eh wdnhq lqwr

dffrxqw/ zklfk pdnhv wklqjv yhu| frpsolfdwhg 0 vhh Eolvv +4<<8,1 Krzhyhu wkh

suhvhqw dqdo|vlv frqfhqwudwhv rq wkh hujrglf zhdowk glvwulexwlrq ri lq�qlwho|

pdq| djhqwv/ wkhlu glvwulexwlrq phdvxuhg e| d ghqvlw| ixqfwlrq1 Lq wkdw fdvh

lqwhughshqghqfh lv h�hfwlyho| uhgxfhg wr vwhdg|0vwdwh sulfh ydoxhv/ zklfk pd|

eh vxevxphg lqwr wkh vkdsh ri s d&|o1

316 Dqdo|vlv

Wkh surfhvv=

&|n� ' s d&|o n "| +45,

zloo eh h{pdlqhg/ zkhuh &| zloo xvxdoo| eh wdnhq wr eh wkh orjdulwkp ri

zhdowk1 Wkh udqgrp huuru whup "| lv lqghshqghqw ri &| dqg "|� iru |�
9' |/ dqg

kdv phdq }hur1 Vshfli|lqj wkh vwrfkdvwlf surfhvv lq whupv ri wkh orjdulwkp

ri zhdowk eulqjv wkh dgydqwdjh wkdw wkh udqjh ri "| lv xqfrq�qhg/ vr wkdw/

iru lqvwdqfh/ "| pljkw eh qrupdoo| glvwulexwhg zlwkrxw doorzlqj zhdowk wr

ehfrph qhjdwlyh1 Rqh pljkw zdqw wr shuplw zhdowk wr eh qhjdwlyh/ hyhq

grzq wr �4/ lq zklfk fdvh &| frxog eh lqwhusuhwhg dv zhdowk lwvhoi/ qrw wkh

orjdulwkp ri zhdowk1 Wklv lqwhusuhwdwlrq lv ohiw wr wkh uhdghu dqg zloo qrw eh

;



qrwhg h{solflwo| lq zkdw iroorzv61

Wkh vwrfkdvwlf surfhvv +45, jhqhudwhv d Iuhgkrop Htxdwlrq ri wkh vhfrqg

nlqg7 iru wkh htxloleulxp ghqvlw| ri wkh orjdulwkp ri zhdowk=

\ d&o '
]
n"

3"

Z d& � s dVoo � \ dVo _V +46,

zkhuh Z d�o lv wkh ghqvlw| ri wkh udqgrp h�hfw "|1 Wkh lqwhjudo rq wkh uljkw0

kdqg vlgh ri +44, lv wkh vxp ri doo wudqvlwlrqv iurp V wr & zhljkwhg e| wkh

suredelolw| wkdw wkh lqlwldo ydoxh lv V/ zklfk lv \ dVo/ dqg wkh suredelolw| ri

d wudqvlwlrq wr & zklfk lv wkh suredelolw| wkdw "| wdnhv wkh ydoxh & � s dVo1

Sodflqj wkh vdph ixqfwlrq \ d�o rq erwk vlghv ri +46, lghqwl�hv wkh hujrglf

�{hg srlqw rxwfrph1

Wklv ghulydwlrq lv vrphzkdw vlplodu wr wkh vr0fdoohg Wkhru| ri Euhdndjh

zklfk ohdgv wr wkh htxdwlrq=

8� E%� '
]
�

M�

�
%

�

�
_8�3� d�o +47,

iru zklfk vhh Dlwfklvrq dqg Eurzq +4<8:,/ ss1590:1

Wkh surfhvv=

&|n� ' s d&| n "|o +48,

jhqhudwhv dqrwkhu Iuhgkrop Htxdwlrq/ yl}=

6Qhjdwlyh zhdowk udlvhv frpsolfdwhg prghoolqj lvvxhv1 Sodlqo| vpdoo qhw ghewv udlvh qr

juhdw sureohpv dv wkh| fdq eh zrunhg r� ryhu wlph1 Wklv lv ehfdxvh zhdowk khuh pd| eh

suhvhqw edodqfh vkhhw qhw zruwk/ qrw lqfoxglqj wkh suhvhqw ydoxh ri ixwxuh lqfrph1 Odujh

qhw ghewv rq wkh rwkhu kdqg udlvh sureohpv dv wkh| pd| eh xqvhuylfhdeoh1 Zkhq udqgrp

vkrfnv wdnh djhqwv lqwr wkh uhjlrq ri xqvhuylfhdeoh lqghewhgqhvv/ vrph nlqg ri edqnuxswf|

uhjlph rshudwhv1
7Vhh Klogheudqg +4<94, s1 6;4051 Lq vhfwlrq 718 ri wkh vdph fkdswhu wkh dxwkru h{sodlqv

wkh frqqhfwlrq ehwzhhq wklv w|sh ri htxdwlrq dqg wkh mrlqw h�hfw ri pdq| fdxvhv1

<



\ d&o '
]

n"

3"

Z
k
s3� d&o� V

l
� \ dVo _V +49,

zklfk lv txlwh vlplodu1

Wr nhhs wklqjv vlpsoh/ zh frqfhqwudwh rq wkh Iuhgkrop Htxdwlrq +46,1

317 Vrph Uhvxowv

Wkhruhp 4 Wkh vhw ri ixqfwlrqv vdwlvi|lqj +46, lv frqyh{81 Khqfh wkh vhw

ri ixqfwlrqv zklfk lqwhjudwh wr 4 dqg dovr vdwlvi| +46, lv frqyh{1

Surri= Lv lpphgldwh1 Li \� d&o dqg \2 d&o erwk vdwlvi| +44,/ wkhq=

b � \� d&o '
]
n"

3"

Z d& � s dVoo � b � \� dVo _V +4:,

iru � ' � ru 2/ dqg iru dq| ydoxh ri b1�

Lq dqdo|vlqj wkh glvwulexwlrq ri & ydoxhv/ lw lv vrphwlphv frqyhqlhqw wr

zrun lq whupv ri wkh fxpxodwlyh glvwulexwlrqv1 Khqfh {E&� lv wkh sursruwlrq

ri wkh srsxodwlrq zlwk zhdowk qrw juhdwhu wkdq &1 Fohduo| {E�4� ' f dqg

{E4� ' �1 Wkhq +46, wudqvodwhv wr=

{d&|n�o '
]

n"

3"

X ds dVo� &|n�o �{dVo _V +4;,

zkhuh XE�� lv wkh fxpxodwlyh glvwulexwlrq ri "|1

Qrwlfh wkdw wkh h�hfw rq wkh glvwulexwlrq ri zhdowk lq prylqj iurp rqh

shulrg wr wkh qh{w lv wkh vxp ri wzr vhsdudwh wudqvirupdwlrqv1 Iluvw hdfk &

ydoxh pdsv wr s d&o1 Zh fdoo wklv s 0wudqvirupdwlrq1 Qh{w doo ydoxhv duh vfdw0

whuhg e| wkh dgglwlrq ri udqgrp vkrfnv "|1 Zh fdoo wklv vfdwwhulqj1 Frqvlghu

wkh �uvw vwhs1 Ehiruh s0wudqvirupdwlrq=

8Wr vd| wkdw wkh vhw ri ixqfwlrqv lv frqyh{ lv qrw/ ri frxuvh/ wr vd| wkdw wkh ixqfwlrqv

duh frqyh{ ixqfwlrqv1
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\ d&o '
_{d&o

_&
+4<,

Zkhuhdv diwhu s0wudqvirupdwlrq=

K d&o ' {
k
s3� d&o

l
+53,

zkhuh K d&o lv wkh fxpxodwlyh glvwulexwlrq ri & diwhu wudqvirupdwlrq1 Wkhq=

\ d&o '
_K d&o

_&
'

\ d&o

s � d&o
+54,

zkhuh s � d&o lv wkh ghulydwlyh ri s d&o zlwk uhvshfw wr &1 Wklv gh�qhv krz

wkh dffxpxodwlrq ixqfwlrq d�hfwv wkh glvwulexwlrq ri zhdowk lq wkh devhqfh

ri udqgrp h�hfwv1

Wkhruhp 5 Li wkh glvwulexwlrq \ d&o kdv d uhjxodu pd{lpxp dw &f/ wkhq wkh

wudqviruphg glvwulexwlrq \d&o

s �d&o
kdv d pd{lpxp dw &� : &f1

Surri= D uhjxodu pd{lpxp lq wklv frqwh{w phdqv wkdw=

_\ d&o

_&
� d& � &fo 	 f +55,

iru & 9' &f1 Pd{lpl}lqj \d&o

s � d&o
zlwk uhvshfw wr & jlyhv=

\� d&o s � d&o� \ d&o s 2 d&o

s� d&o2
' f +56,

zkhuh vxshuvfulswv ghqrwh ghulydwlyhv1 Iru d ydoxh ri & iru zklfk \ d&o wdnhv

d pd{lpxp +56, zloo eh srvlwlyh1 Khqfh wkh uhvxow1 �

Dqdo|vlv ri d Iuhgkrop glvwulexwlrq fdq surfhhg hlwkhu iurp wkh lqwhjudo

htxdwlrq +46,/ ru iurp wkh htxdwlrq gh�qlqj wkh surfhvv lwvhoi +45,1 Wkh qh{w

vhfwlrq dgrswv wkh odwwhu dssurdfk1
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318 Gluhfw Dqdo|vlv iurp wkh Vwrfkdvwlf Surfhvv Htxd0

wlrq

Dsso|lqj pdwkhpdwlfdo h{shfwdwlrq rshudwru wr +45, jlyhv=

.& ' .s d&o 	 s d.&o +57,

zkhuh wkh �qdo lqhtxdolw| krogv zkhq s d&o lv vwulfwo| frqfdyh1 Vxewudfwlqj

+57, iurp +45, dqg uhduudqjlqj jlyhv=

. d& �.&o
2
: . ids d&|o� s d.&o n "|oj

2
' . is d&|oj

2
n . id"|oj

2
+58,

Li s d&|o lv txdgudwlf/ +45, ehfrphv=

&|n� ' @n K � &| � S � &2
|
n "| +59,

.& '
@n S � . d&2

|
o

� � K
+5:,

Qrwh wkdw=

.
k
E& � .&�

2
l
' .

k
&2 � 2&.& n E.&�

2
l
' .

k
&2

l
� E.&�2 +5;,

Vr wkdw=

.& � S
E.&�2

� � K
'

@n S � .
k
E& � .&�

2
l

�� K
+5<,

Wkh ohiw0kdqg vlgh ri +5<, lqyroyhv rqo| wkh phdq ri &/ zkloh wkh uljkw0

kdqg vlgh lqyroyhv wkh yduldqfh ri &1
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319 V|pphwulf Ehoo0Vkdshg Glvwulexwlrqv

Wkh iroorzlqj dujxphqw wrxfkhv sduwlfxoduo| rq wkh txhvwlrq ri zkhwkhu dq

hujrglf htxloleulxp zhdowk glvwulexwlrq fdq eh qrupdo1 Dv & lv wkh orjdulwkp

ri zhdowk/ wkdw lv htxlydohqw wr dvnlqj zkhwkhu zhdowk fdq eh orj0qrupdoo|

glvwulexwhg lq wkh olplw1

Gh�qlwlrq 4 D ghqvlw| ixqfwlrq ri &/ (E&�/ zloo eh vdlg wr eh V|pphwulf

Ehoo0Vkdshg +VEV, li=

Wkhuh h{lvwv d xqltxh ydoxh &f vxfk wkdw (E&� wdnhv lwv pd{lpxp ydoxh1

Wkh ydoxh ri (E&� lv xqltxho| ghwhuplqhg e| m& � &fm1

Wkh ydoxh ri (E&� lv ghfuhdvhv prqrwrqlfdoo| zlwk m& � &fm1

Gh�qlwlrq 5 Wkh Iuhgkrop htxdwlrq +44, zloo eh vdlg wr eh vwdqgdug li=

Wkh ghqvlw| ixqfwlrq ri huuruv Z d�o lv VEV zlwk lwv pd{lpxp dw }hur1

Wkh ixqfwlrq s d&|o lv vwulfwo| frqfdyh1

Wkhruhp 6 Li wkh ixqfwlrqv s d�o dqg Z d�o duh erwk frqwlqxrxv/ wkhq dq|

Iuhgkrop htxdwlrq vroxwlrq lv frqwlqxrxv lq &1

Surri= Qrwh wkdw li s d�o lv frqfdyh/ lw pxvw eh frqwlqxrxv/ exw wklv uhvxow grhv

qrw uhtxluh frqfdylw|1 Frqvlghu dq lq�qlwh vhtxhqfh=

&�c &2c ���c &?c ��� +63,

whqglqj wr &f1 Lw pd| eh frq�uphg e| lqvshfwlrq wkdw=

u�6?<"

]
n"

3"

Z d&E?�� s dVoo �{dVo _V '
]

n"

3"

Z d&f � s dVoo �{dVo _V +64,

surylghg wkdw Z d�o lv frqwlqxrxv1�

Uhfdoo wkdw wkh pdsslqj ri d Iuhgkrop glvwulexwlrq vroxwlrq lqwr lwvhoi

frqvlvwv ri wkh vxp ri wzr vhsdudwh vwhsv1 Wkh �uvw lv wkh h�hfw ri wkh s 0

wudqvirupdwlrq> wkh vhfrqg lv vfdwwhulqj1
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Wkh vwdwhphqw ri wkh qh{w wkhruhp lv prvw hdvlo| xqghuvwrrg lq whupv

ri wkh fxpxodwlyh glvwulexwlrq K d&o1 Wkh glvwulexwlrq kdv dq lq�qlwh wdlo li

wkhuh h{lvw qr �qlwh ydoxh ri & vxfk wkdw K d&o wdnhv hlwkhu wkh ydoxh f ru �1

Lq wkh iruphu fdvh wkh glvwulexwlrq zloo eh vdlg wr kdyh dq lq�qlwh ohiw0kdqg

wdlo> lq wkh odwwhu fdvh dq lq�qlwh uljkw0kdqg wdlo1

Wkhruhp 7 Li wkh glvwulexwlrq Z d�o kdv dq lq�qlwh ohiw0 ru uljkw0kdqg wdlo/

d Iuhgkrop htxdwlrq vroxwlrq zloo kdyh uhvshfwlyho| dq lq�qlwh ohiw0 ru uljkw0

kdqg wdlo1 D Iuhgkrop htxdwlrq vroxwlrq pd| kdyh dq lq�qlwh ohiw0kdqg wdlo

zlwkrxw Z d�o kdylqj dq lq�qlwh ohiw0kdqg wdlo li=

& � s E&� +65,

lv erxqghg deryh iru doo qhjdwlyh & e| �/ zkhuh �� lv zlwklq wkh udqjh ri wkh

ohiw0kdqg wdlo ri Z d�o1

Surri= Wkh �uvw vwdwhphqw lv reylrxv1 Zkdwhyhu ydoxh s d&|o pd| wdnh/ li wkh

glvwulexwlrq Z d�o kdv dq lq�qlwh wdlo/ srvlwlyh suredelolw| dwwdfkhv wr "| wdnlqj

dq| ydoxh zkdwvrhyhu lq wkdw gluhfwlrq> khqfh srvlwlyh suredelolw|/ dqg wkhuh0

iruh glvwulexwlrq ghqvlw|/ dwwdfkhv wr &|n� wdnlqj dq| ydoxh lq wkdw gluhfwlrq1

Wkh vhfrqg vwdwhphqw lv dovr sodlq1 Dv orqj dv wkh gl�huhqfh & � s E&� fdq0

qrw h{fhhg wkh uhdfk ri wkh ohiw wdlo ri Z d�o/ ghqvlw| orvw e| wkh h�hfw ri s

wudqvirupdwlrq �

Hyhq li & � s E&� lv erxqghg deryh zlwklq wkh udqjh ri wkh �qlwh ohiw0

wdlo ri Z d�o/ iru doo qhjdwlyh & vx!flhqwo| odujh lq devroxwh ydoxh/ lw pljkw

qrw eh vr erxqghg iru & 	 &� dqg forvhu wr &� 1 Lv lw wkhq srvvleoh iru

dq htxloleulxp ghqvlw| wr eh vsolw lqwr wzr glvmrlqw vhjphqwv= d kljk zhdowk

vhjphqw/ lqfoxglqj srvlwlyh ghqvlw| iru &�> dqg d orz zhdowk vhjphqw iurp

zklfk djhqwv fdqqrw hvfdsh ehfdxvh udqgrp vkrfnv dozd|v sxvk wkhp edfn
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grzqB Zh fdoo vxfk d glvwulexwlrq glvmrlqw1 Wkh qh{w wkhruhp dqvzhuv wkh

txhvwlrq lq wkh qhjdwlyh vhqvh1

Wkhruhp 8 Dq htxloleulxp ghqvlw| fdqqrw eh glvmrlqw1

Surri= Vxssrvh/ frqwudu| wr wkh wkhruhp/ wkdw dq htxloleulxp ghqvlw| lv glv0

mrlqw1 Wkhq wkhuh h{lvwv d udqjh ri ydoxhv ri &/ d&3c &no/ vxfk wkdw \ d&o ' f

iru wkhvh ydoxhv/ zkloh srvlwlyh ghqvlw| dwwdfkhv wr ydoxhv ri & mxvw ehorz &31

Frqvlghu wkh ydoxh &	 ' s3� d&3o1 Dv &	 	 &3/ srvlwlyh ghqvlw| dwwdfkhv wr

&	1 Wkhuhiruh s�wudqvirupdwlrq zloo wdnh ghqvlw| wr &31 Zkhq vfdwwhulqj lv

wdnhq lqwr dffrxqw/ vrph hyhq kljkhu & ydoxhv zloo uhvxow/ dqg srvlwlyh ghqvlw|

zloo dwwdfk wr ydoxhv ri & mxvw deryh &3/ frqwudu| wr dvvxpswlrq1�

Wkh qh{w uhvxow lv fdoohg d Ohppd ehfdxvh lw vhuyhv Wkhruhp 9 gluhfwo|1

Ohppd 9 D glvwulexwlrq lv VEV diwhu vfdwwhulqj rqo| li lw lv VEV ehiruh

vfdwwhulqj1

Surri= Vfdwwhulqj grhv qrw d�hfw wkh phdq ehfdxvh=

.&|n� ' .&| n ."| ' .&| +66,

Vxssrvh wkdw (E&� lv d glvwulexwlrq zlwk phdq &f/ dqg dv|pphwulf derxw

wkdw ydoxh/ exw wkdw wkh lpdjh ri wkdw glvwulexwlrq diwhu vfdwwhulqj lv VEV1 Lq

wkdw fdvh wkh lpdjh pxvw eh v|pphwulf derxw &f1 Fdoo wkh lpdjh glvwulexwlrq

UE&�1 Wkhq=

UE&� '
]

n"

3"

Z d& � Vo �( dVo _V +67,

ehfdxvh (E&� lv qrw v|pphwulf exw Z d�o lv v|pphwulf derxw }hur/ wkh deryh

fdqqrw eh htxdo wr=

UE&f n &� '
]

&f

3"

Z d&f n & � Vo �( dVo _V n
]

&fn&

&f

Z d&f n & � Vo �( dVo_V+68,

n
]
"

&fn&

Z d&f n & � Vo �( dVo _V� +4,

Wklv ghprqvwudwhv wkh Ohppd1�
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Wkhruhp : Li wkh sureohp lv vwdqgdug/ qr Iuhgkrop htxdwlrq vroxwlrq fdq

eh VEV1

Surri= Ehfdxvh ri Ohppd 4/ li d Iuhgkrop htxdwlrq vroxwlrq lv wr eh VEV/ wkh

wudqvirupdwlrq &$ s d&o1 pxvw pds dq VEV glvwulexwlrq lqwr dq VEV glvwul0

exwlrq1 Iru rqo| lq wkdw fdvh fdq wkh vxevhtxhqw vfdwwhulqj jhqhudwh dq VEV

glvwulexwlrq1 Krzhyhu Wkhruhp 5 vwdwhv wkdw wkh wudqvirupdwlrq & $ s d&o

lqfuhdvhv wkh ydoxh ri & dw zklfk wkh glvwulexwlrq wdnhv lwv pd{lpxp ydoxh1

Iru dq VEV glvwulexwlrq wkh pd{lpxp ydoxh lv wdnhq dw wkh phdq1 Vfdwwhulqj

grhv qrw d�hfw wkh phdq1 Wkhuhiruh vxssrvlqj d Iuhgkrop vroxwlrq wr eh VEV

lpsolhv wkdw lwv phdq lv kljkhu wkdq lwvhoi/ zklfk lv d frqwudglfwlrq1�

31: Vlqjoh Shdnhgqhvv

Wkh deryh uhvxowv whoo xv pruh derxw zkdw d Iuhgkrop vroxwlrq lv qrw wkdq

derxw zkdw lw lv1 Wkhruhp 9 uxohv rxw VEV1 Wkh dujxphqw lqglfdwhv zkdw

vkdsh wr h{shfw vkrxog wkh glvwulexwlrq eh vlqjoh shdnhg1 Wkh & $ s d&o

wudqvirupdwlrq lqfuhdvhv wkh ydoxh ri & dw zklfk wkh glvwulexwlrq wdnhv lwv

pd{lpxp1 Vfdwwhulqj pxvw wkhuhiruh orzhu wkdw ydoxh/ zklfk lw fdqqrw gr lq

wkh fdvh ri dq VEV glvwulexwlrq1 Lw fdq gr lw iru d glvwulexwlrq vnhzhg wr wkh

qhjdwlyh vlgh/ dv wkhuh zrxog wkhq eh pruh pdvv wr wkh ohiw ri wkh pd{lpxp

wr jhqhudwh udqgrp mxpsv sxoolqj wkh pd{lpxp wr wkh ohiw1 Vr iru wkh vlqjoh

shdn fdvh wkh glvwulexwlrq lv eurdgo| fkdudfwhul}hg dv dv|pphwulf uhodwlyh

wr orj0qrupdolw|1 Krz gr zh nqrz wkdw d Iuhgkrop vroxwlrq zloo eh vlqjoh0

shdnhgB Wklv vhfwlrq surylghv wkh phwkrg zklfk hqdeohv wkdw surshuw| wr eh

ghulyhg1 Qrwh wkdw vwdulqj dw wkh Iuhgkrop htxdwlrq lwvhoi kdugo| uhvroyhv wkh

lvvxh1 Vkrxog wkhuh eh d wurxjk lq wkh glvwulexwlrq wkdw zloo whqg wr surgxfh

d wurxjk lq wkh lpdjh/ vlpso| ehfdxvh wkhuh zloo eh ohvv pdvv durxqg wkdw

wurxjk/ ru udwkhu lwv lpdjh xqghu wkh s 0wudqvirupdwlrq/ wr ihhg ghqvlw| yld
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vpdoo huuru ydoxhv1

Wr vkrz wkdw wkhuh fdqqrw eh pxowlsoh shdnv zh djdlq wdnh dgydqwdjh

ri wkh idfw wkdw wkh pdsslqj ri d zhdowk ghqvlw| lqwr lwvhoi lv wkh uhvxow ri

wkh vxp ri wzr vhsdudeoh wudqvirupdwlrqv 0 s 0wudqvirupdwlrq soxv vfdwwhulqj1

Wkh zd| lq zklfk zh uxoh rxw pxowlsoh shdnv lv e| h{dplqlqj wkh h�hfw ri wkh

wzr vwhsv rq h{wuhpd1 Wkh qh{w wkhruhp h{dplqhv wkh h�hfw ri vfdwwhulqj

e| lwvhoi1

Wkhruhp ; Wkh h�hfw ri vfdwwhulqj rq lwv rzq lv wr lqfuhdvh \E&� lq wkh

qhljkerxukrrg ri vwulfw plqlpd dqg wr ghfuhdvh \E&� lq wkh qhljkerxukrrg ri

vwulfw pd{lpd1

Surri= Wkh uhvxow lv vkrzq iru d pd{lpxp1 Wkh surri iru d plqlpxp lv wkh

vdph1

Iru d pd{lpxp ri \E&�/ zh pxvw kdyh=

_\E&�

_&
' f +69,

Qrz fkrrvh &/ dqg w / zklfk d�hfwv wkh h{whqw ri vfdwwhulqj/ wr pd{lpl}h=

]
n"

3"

\EV� � Z dw E& � V�o _V +6:,

wr rewdlq= ]
n"

3"

\EV� � w � Z� dw E& � V�o_V ' f +6;,

zkhuh wkh sulph ghqrwhv wkh �uvw ghulydwlyh1 Pd{lpl}lqj zlwk uhvshfw w wr

jlyhv= ]
n"

3"

\EV� � & � Z� dw E& � V�o _V ' f +6<,

Qrz lw lv fohdu wkdw +6;, dqg +6<, duh wkh vdph frqglwlrq diwhu & dqg w kdyh

ehhq sodfhg rxwvlgh wkh lqwhjudov dqg holplqdwhg1 Wklv lpsolhv wkdw pd{lpl}lqj

ru plqlpl}lqj ghqvlw| hqwdlov plqlpl}lqj vfdwwhulqj1 Wkh Wkhruhp iroorzv1�

4:



Wkhruhp < Li sE&� lv vwulfwo| frqfdyh/ d Iuhgkrop htxdwlrq vroxwlrq lv vlqjoh

shdnhg1

Surri= Vkrxog d Iuhgkrop htxdwlrq vroxwlrq qrw eh vlqjoh shdnhg lw pxvw eh wkh

fdvh wkdw lw kdv d orfdo plqlpxp ehwzhhq wzr orfdo pd{lpd1 Ohw wkh ydoxhv

ri & fruuhvsrqglqj wr wkhvh h{wuhpd eh uhvshfwlyho| &4@ �/ &4�? dqg &4@ 21

Diwhu s0wudqvirupdwlrq wkh glvwulexwlrq \d&o

s �d&o
zloo vlploduo| kdyh d pd{lpxp/

d plqlpxp dqg d pd{lpxp dw uhvshfwlyho| h&4@ �/ h&4�? dqg h&4@ 21

E| gh�qlwlrq=

\
�
&4@ �

�
: \

�h&4@ �
�

+73,

\
�
&4�?

�
	 \

�h&4�?
�

+74,

\
�
&4@ 2

�
: \

�h&4@ 2
�

+75,

Ehfdxvh ri wkh h�hfwv ri vfdwwhulqj vkrzq lq Wkhruhp ;/ s0wudqvirupdwlrq

pxvw lqfuhdvh pd{lpxp ydoxhv ri wkh ghqvlw| dqg ghfuhdvh d plqlpxp ydoxh/

vr wkdw vfdwwhulqj pd| xqgr wkhvh h�hfwv1 Wkhuhiruh=

\
�h&4@ �

�

s �

�h&4@ �
� : \

�
&4@ �

�
+76,

\
�h&4�?

�

s �

�h&4�?
� 	 \

�
&4�?

�
+77,

\
�h&4@ 2

�

s �

�h&4@ 2
� : \

�
&4@ 2

�
+78,

Wkhq +73, dqg +76,> +74, dqg +77,> dqg +75, dqg +78,> uhvshfwlyho| lpso|

s �

�h&4@ �
�
	 �> s �

�h&4�?
�
: �> dqg s �

�h&4@ 2
�
	 �1 Wklv frqwudglfwv wkh

frqfdylw| ri sE&�1�

4;



31; Frqfoxglqj Uhpdunv

Wkh orqj klvwru| ri wkh dqdo|vlv ri lqfrph ru zhdowk glvwulexwlrqv/ jrlqj

edfn wr Sduhwr/ lqfoxghv gl�huhqw dssurdfkhv1 Rqh lv sxuho| hpslulfdo1 Wkh

vkdsh ri wkh glvwulexwlrq lv h{dplqhg dqg wkh �wqhvv ri vlpsoh pdwkhpdwlfdo

vshfl�fdwlrqv lv lqyhvwljdwhg1 Dqrwkhu dssurdfk lv wr vwduw zlwk srvwxodwhv

frqfhuqlqj wkh surfhvv zklfk jhqhudwhv wkh glvwulexwlrq dqg wkhq wr lqyhvwl0

jdwh pdwkhpdwlfdoo| zkdw lv wkh olplwlqj glvwulexwlrq zklfk uhvxowv1 \hw wkh

olplwlqj glvwulexwlrq grhv qrw kdyh wr eh wkh remhfw ri frqfhuq1 Wkh vkruwhu

whup frqglwlrqdo wudqvihu surfhvv fdq lwvhoi eh wkh irfxv ri lqyhvwljdwlrq1 Lq0

ghhg wkh qhrfodvvlfdo frqyhujhqfh wkhrulvwv fdq rqo| gr wkdw/ ehfdxvh iru

wkhp wkh olplwlqj glvwulexwlrq lv wulyldo/ ehlqj d vwdwh lq zklfk doo frxqwulhv

0 ru lqglylgxdov lq wkh fdvh ri d shuvrqdo glvwulexwlrq 0 duh dw wkh frpprq

olplw srlqw &�1 Zkhq wkh wudqvihu surfhvv lv wdnhq wr eh udqgrp wkhuh duh

zlghu srvvlelolwlhv wkdq zkhq lw lv prghoohg xvlqj hfrqrplf wkhru|1

Wkh suhvhqw sdshu pduulhv wzr gl�huhqw wudglwlrqv1 Wkh| duh wkh qhrfodv0

vlfdo dssurdfk/ dffruglqj wr zklfk zhdowk dffxpxodwlrq lv v|vwhpdwlf dqg

gholehudwh> dqg wkh udqgrp vkrfnv dssurdfk/ dffruglqj wr zklfk zhdowk df0

fxpxodwlrq lv sxuho| kdskd}dug1 Dv zrxog eh h{shfwhg/ vxfk d prgho lv

frpsolfdwhg/ dqg gluhfw pdwkhpdwlfdo vroxwlrq lv kdugo| srvvleoh1 Hyhq vr/

zh kdyh ehhq deoh wr rewdlq d vhulhv ri uhvxowv zklfk wrjhwkhu h�hfwlyho| fkdu0

dfwhul}h wkh olplwlqj glvwulexwlrq ri wkh orjdulwkpv ri zhdowk ydoxhv1 Lw lv d

vlqjoh0shdnhg glvwulexwlrq zklfk pd| ru pd| qrw kdyh lq�qlwh wdlov/ dqg lw lv

dv|pphwulf zlwk wkh ohiw0kdqg wdlo pruh khdylo| zhljkwhg1

Dq lpsolfdwlrq ri wkhvh uhvxowv/ sduwlfxoduo| Wkhruhp </ lv wkdw Txdk*v

�qglqj/ dffruglqj wr zklfk wkhuh duh wzr glvmrlqw uhjlrqv ri dwwudfwlrq lq d

glvwulexwlrq/ fdqqrw eh uhfrqflohg zlwk wkh qhrfodvvlfdo prgho dxjphqwhg e|

wkh dgglwlrq ri vkrfnv1
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