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Lq Qruwk0Vrxwk orqj0uxq htxloleulxp dqdo|vlv/ dv|pphwulhv lq vdy0

lqj surshqvlwlhv duh lqwurgxfhg dv dq h{sodqdwru| idfwru ehklqg wkh

xqhyhq glvwulexwlrq ri lqfrph dprqj frxqwulhv dqg wkh frqfhqwudwlrq

ri zhdowk lq wkh Qruwk1 Lq wklv sdshu zh xvh d vlpxodwlrq prgho lq ru0

ghu wr vhh zkhwkhu dqdorjrxv sdwwhuqv ri xqhyhq ghyhorsphqw hphujh

lq dq hyroxwlrqdu| surfhvv zlwk surgxfwlylw| dv|pphwulhv1 Wkh ed0

vlf phfkdqlvpv ri wkh prgho duh sulfh frpshwlwlrq dqg oderxu vdy0

lqj whfkqlfdo fkdqjh1 Wr ghyhors wkh dujxphqw/ wkh sdshu suhvhqwv

d pxowlsoh0vhfwru/ pxowlsoh0�up vlpxodwlrq prgho lq zklfk wudgh dqg

fdslwdo  rzv wdnh sodfh ehwzhhq wzr frxqwulhv1 Wkh vkruw0uxq g|qdp0

lfv ri wklv prgho fkdudfwhul}hg e| gl�huhqfhv lq h!flhqf| dw d �up ohyho

surgxfhv uhvxowv wkdw uhvhpeoh lq vrph uhvshfwv wkrvh wkdw hphujh lq

wkh orqj0uxq g|qdplfv ri xqhyhq ghyhorsphqw1 Vxshulru whfkqrorjlfdo

shuirupdqfh dsshduv dv d nh| idfwru iru wkh frxqwulhv* pruh djjuhvvlyh

dffxpxodwlrq sdwwhuq wkdw lv ehklqg wkh xqhyhq glvwulexwlrq ri zhdowk

dqg lqfrph1 D vlpxodwlrq h{fhuvlvh lv xvhg wr vkrz krz d frxqwu| fdq

eh qhjdwlyho| d�hfwhg e| wkh suhvvxuh ri wkh frpshwlwlyh vwuxjjoh lq

wkh lqwhuqdwlrqdo pdunhw1

�Frpphqwv wr= odumrqdCxvf1hv
|Sdshu wr eh suhvhqwhg dw wkh Qhovrq dqg Zlqwhu Frqihuhqfh dw Ddoeruj/ Ghqpdun/

Mxqh 45048/ 53341
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43Lw iroorzv iurp rxu dvvxpswlrqv wkdw wkh fdslwdo0rxwsxw lv frqvwdqw dqg htxdo wr rqh

iru doo �upv lq doo vhfwruv1
44Vlqfh hdfk xqlw ri fdslwdo surgxfhv d xqlw ri surgxfw/ VH

lw
lv htxdo wr wkh xqlwv ri

fdslwdo wkdw wkh �up h{shfwv wr xvh1 Wkhuhiruh/

VH
lw

Nlw�4

@ FX
H

lw

Revhuyh wkdw fdsdflw| xwlol}dwlrq d�hfwv h{shfwhg uhvrxufhv wr lqyhvw1
45Wkh zdjh Znw dqg wkh udwh ri uhwxuq u duh gh�qhg dw d frxqwu| ohyho/ zkloh ulq

l
dqg

ulp
l

duh gh�qhg dw d �up ohyho1
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46Revhuyh wkdw wr vhw sulfhv wkh �up frqvlghuv wkh dyhudjh sulfhv ri wkh suhylrxv shulrg1
Exw/ rqfh doo �upv vhw wkhlu sulfh/ wkh dyhudjh wkdw zloo frxqw iru vhohfwlrq lv wkh dfwxdo
dyhudjh +vhohfwlrq, sulfh +vhh ehorz,1
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47D surylvlrqdo dyhudjh sulfh lq hdfk pdunhw/ wkdw zloo eh xvhg iru vhohfwlrq1 Lw lv
wkh zhljkwhg vxp ri wkh sulfhv +lqfoxglqj wudqvsruw frvwv, ri doo wkh �upv +�upv � iurp
frxqwulhv ri ruljlq n ru n

3, wkdw vhoo lq pdunhw n1
48Wklv wulhv wr fdswxuh wkh lghd wkdw rqfh �upv vhw sulfhv lq w/ wkhlu lpsdfw ghshqgv rq

wkhlu suhvhqfh lq wkh pdunhw dw wkh prphqw ri dqqrxqflqj sulfhv1 Wklv lv uh hfwhg e| wkh
vkduh wkdw wkh| dfklhyhg lq wkh suhylrxv shulrg1

49Uhfdoo wkdw hnn @ 4 dqg wf
n
n @ 3=

4:Wklv fdofxodwlrq ri
�

��wlv wkh �uvw urxqg lq wkh fdofxodwlrq ri uhdo pdunhw vkduhv1 Lq
wklv vwdjh zh xvh wkh vhohfwlrq htxdwlrq/ wkh sulfhv ri wkh shulrg dqg wkh ghpdqg ri wkh
vhfwru ri wkh pdunhw1 Zh kdyh lqwurgxfhg d plqlpxp vkduh ydoxh ri 43�< ri �upv lq wkh
grphvwlf pdunhw dqg }hur lq iruhljq pdunhwv wr suhyhqw wkh srvvlelolw| ri qhjdwlyh vkduhv1
Lq d vhfrqg urxqg wklv ydoxh zloo eh qrupdol}hg wr hqvxuh wkdw doo vkduhv dgg xs wr rqh/
dqg zloo eh xvhg wr fdofxodwh wkh wrwdo vdohv lq wkh pdunhw1 Ilqdoo|/ wkh uhdo �vkduh� zloo
eh fdofxodwhg iurp pdunhw vdohv1

4;Zh dvvxph wkdw wkh �mn duh frqvwdqw1 Vxelqgh{ w � 4 lq doo pdfur yduldeohv uh hfwv
wkh idfw wkdw pdfur gdwd xvhg lq w e| �upv duh ghwhuplqhg lq shulrg w� 41
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��� �� 4�		 ��� �������53 '���� ���1	� �� �������� �������� ������� 4�		
�������		� 1� ������ ��� �+ ��� ���2��� '���		�� 6��� ��� �	�� ������ ��
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4<Dfwxdo frvwv flw duh fdofxodwhg dv lq htxdwlrq +6, exw xvlqj FXlw lqvwhdg ri FXH

lw
1

53Lw lv dvvxphg wkdw �upv zlwk orvvhv zloo fxw lq wklv rughu= �uvw/ lw zloo qrw fryhu
ghsuhfldwlrq/ dqg vhfrqg/ lw zloo qrw fryhu U)G h{shqglwxuh1 Lq dgglwlrq/ vlqfh �upv pd|
�qg wkhpvhoyhv jhqhudwlqj d pdujlq exw rshudwlqj zlwk kxjh h{fhvv fdsdflw|/ lw lv dvvxphg
wkdw pdujlqv duh qrw uhwdlqhg iru lqyhvwphqw zkhq fdsdflw| xwlol}dwlrq lv ehorz d fhuwdlq
olplw1 Vxfk �upv zloo rqo| fryhu ghsuhfldwlrq1

0.
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54D vflhqfh0edvhg uhjlph lv xvhg iru lqqryddwlrq dorqj wkh olqhv sursrvhg lq Qhovrq dqg
Zlqwhu +4<;5,1

55Wkh sdwk iroorzhg e| wkh phdq ri wkh glvwulexwlrq iru hdfk vhfwru lv jlyhq e|

�vfmw @ �
olp

m . +�vfm3 � �
olp

m ,+4� jvfm , w

zlwk 3 ?  ? 4> zkhuh �olpm lv wkh orzhu olplw ghwhuplqhg e| qdwxuh dqg jvfm lv wkh h{rjhqrxv
udwh ri whfkqlfdo surjuhvv1 Wkh vwdqgdug ghyldwlrq ri wkh glvwulexwlrq lv dvvxphg wr eh d
sursruwlrq ri wkh phdq1 Wkhuhiruh/ lw ehfrphv vpdoohu dv wkh phdq dssurdfkhv lwv orzhu
olplw1
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