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Devwudfw
Dujxphqwv duh jlyhg iru wkh sodxvlelolw| wkdw txdqwxp phfkdqlfv

lv d vwrfkdvwlf wkhru| dqg wkdw pdq| txdqwxp skhqrphqd ghulyh iurp
wkh h{lvwhqfh ri d uhdo qrlvh frqvlvwlqj ri ydfxxp  xfwxdwlrqv ri wkh
�hogv h{lvwlqj lq qdwxuh1 Sodqfn�v frqvwdqw dsshduv dv wkh sdudphwhu
�{lqj wkh vfdoh ri wkh qrlvh1 Klqwv iru dq lqwxlwlyh h{sodqdwlrq duh ri0
ihuhg iru vrph w|slfdo txdqwxp ihdwxuhv/ olnh wkh xqfhuwdlqw| sulqflsoh
1

4 Wrzdugv d prgho ri wkh plfurzruog
Krz wr xqghuvwdqg txdqwxp phfkdqlfv

�Qrerg| xqghuvwdqgv txdqwxp phfkdqlfv� zurwh Ih|pdqq^4`/ dqg pdq|
shrsoh vwloo djuhh1 L wklqn wkdw d uhdolvwlf lqwhusuhwdwlrq dqg d sk|vlfdo prgho
ri txdqwxp phfkdqlfv duh qhhghg1 Wklv rslqlrq lv qrw qhz/ lw zdv vxsruwhg
e| Hlqvwhlq/ Srgrovn| dqg Urvhq^5` zkrvh fhoheudwhg 4<68 duwlfoh ehjlqv=
�Dq| vhulrxv frqvlghudwlrq ri d sk|vlfdo wkhru| pxvw wdnh lqwr dffrxqw wkh
glvwlqfwlrq ehwzhhq wkh remhfwlyh uhdolw|/ zklfk lv lqghshqghqw ri dq| wkhru|/
dqg wkh sk|vlfdo frqfhswv zlwk zklfk wkh wkhru| rshudwhv1 Wkhvh frqfhswv
duh lqwhqghg wr fruuhvsrqg zlwk wkh remhfwlyh uhdolw|/ dqg e| phdqv ri wkhvh
frqfhswv zh slfwxuh wklv uhdolw| wr rxuvhoyhv�1 +P| hpskdvlv,1 Lq vxppdu|
L eholhyh wkdw dq| sk|vlfdo wkhru| vkrxog frqwdlq wzr lqjuhglhqwv= d sk|vlfdo
prgho dqg d fdofxodwlrqdo wrro/ wkh odwwhu lqfoxglqj wkh irupdolvp dqg uxohv
iru wkh frqqhfwlrq zlwk wkh h{shulphqwv1 Wkh fdofxodwlrqdo wrro lv hvvhqwldo
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exw wkh sk|vlfdo prgho lv dovr qhfhvvdu| lq rughu wr uhdfk d slfwxuh ri wkh
zruog1 Iru lqvwdqfh/ d fohdu prgho vkrxog vd| zkhwkhu dq hohfwurq lv d zdyh
+h{whqghg, ru d sduwlfoh +orfdol}hg,1 Vd|lqj wkdw lw lv qhlwkhu/ ru lw lv erwk lv
qrw d fohdu dqvzhu1

Wkh orjlfdo sdwk wr d wkhru| ri wkh plfurzruog
Wkh frqfhsw ri lvrodwhg v|vwhp lv wkh fruqhuvwrqh ri fodvvlfdo sk|vlfv1 Exw/

lv lvrodwlrq srvvleoh lq rxu xqlyhuvhB L wklqn qrw1 Wkh xqlyhuvh lv vr frp0
soh{ dqg g|qdplfdo wkdw vrph dprxqw ri qrlvh lv xqdyrlgdeoh1 Ixuwkhupruh/
wkh dvvxpswlrq ri dq xqlyhuvdo qrlvh ohdgv iurp fodvvlfdo sk|vlfv wr txdq0
wxp sk|vlfv1 Ohw xv jlyh dq h{dpsoh/ wkh vwdelolw| ri wkh k|gurjhq dwrp1
Wkh dwrp frqvlvwv ri d surwrq +vd| dw uhvw, dqg dq hohfwurq prylqj durxqg1
Hyhu|erg| nqrz wkdw d fodvvlfdo dwrp fdqqrw eh vwdeoh ehfdxvh wkh hohfwurq
zrxog udgldwh/ orvvlqj hqhuj| dqg idoolqj wrzdugv wkh surwrq1 Wkh dujxphqw
zrxog eh �qh li wkhuh zhuh dq xqltxh dwrp lq vsdfh/ exw li wkhuh duh pdq|
dwrpv lw lv qdwxudo wr dvvxph wkdw wkh udgldwlrq ri rqh dwrp zloo hyhqwxdoo|
duulyh dw rwkhu dwrpv1 Wkxv hyhu| dwrp zloo vrphwlphv hplw udgldwlrq exw
devrue lw rwkhu wlphv/ srvvleo| uhdfklqj d g|qdplfdo vwdwlrqdu| vwdwh zlwk
 xfwxdwlqj hqhuj|1 L vkdoo qrw hoderudwh ixuwkhu wklv h{dpsoh/ p| sxusrvh
ehlqj wr frqylqfh wkh uhdghu wkdw wkh h{lvwhqfh ri d �xqlyhuvdo qrlvh� lv sodx0
vleoh dqg pljkw h{sodlq/ dw ohdvw/ vrph skhqrphqd wdnhq dv sxuho| txdqwdo1
Wkxv fodvvlfdo sk|vlfv pd| eh vhhq dv dq dssur{lpdwlrq ri txdqwxp sk|vlfv
zkhq wkh vdlg qrlvh pd| eh qhjohfwhg ru/ pruh surshuo|/ dyhudjhg rxw1

Wkh xqlyhuvdo qrlvh lv dfwxdoo| dffhswhg lq vwdqgdug txdqwxp phfkdqlfv/
zkhuh lw lv qdphg �txdqwxp ydfxxp  xfwxdwlrqv�1 Wkhvh  xfwxdwlrqv duh
txdol�hg dv �yluwxdo�/ d zrug zkrvh phdqlqj lv qrw fohdu1 Lq p| rslqlrq wkh
dffhswdqfh ri wkh txdqwxp qrlvh dv uhdo lv xqdyrlgdeoh lq rughu wr uhdfk dq
lqwxlwlyh slfwxuh ri txdqwxp sk|vlfv

Wklv ohdgv ph wr wkh iroorzlqj slfwxuh ri wkh txdqwxp zruog1 Ixqgdphq0
wdo ihuplrqv/ olnh ohswrqv ru txdunv/ duh +orfdol}hg, sduwlfohv/ exw ixqgdphqwdo
ervrqv olnh skrwrqv/ joxrqv/ ]f/ Z� ru Kljjv/ duh +h{whqghg, �hogv1 Judylw|
sod|v d vshfldo uroh/ L vxssruw wkh ylhz wkdw jhqhudo uhodwlylw| ghwhuplqhv wkh
vwuxfwxuh ri +fxuyhg, vsdfhwlph dqg lwv uhodwlrq zlwk pdwwhu/ vr wkdw judylw|
lv qrw d �hog/ dw ohdvw qrw lq wkh vdph vhqvh wkdq wkh rwkhu �hogv1 Wkh zdyh
ehkdylrxu ri sduwlfohv ghulyhv iurp wkh xqdyrlgdeoh lqwhudfwlrq zlwk �hogv/
dqg wkh sduwlfoh ehkdylrxu ri �hogv ghulyhv iurp wkh lqwhudfwlrq zlwk sduwl0
fohv/ h1 j1 gxulqj ghwhfwlrq1 D ixqgdphqwdo surshuw| ri wkh xqlyhuvh lv wkh
h{lvwhqfh ri d �qrlvh� �oolqj wkh zkroh vsdfh1 Lq wkh fdvh ri �hogv wkdw qrlvh
frqvlvwv ri udqgrp  xfwxdwlrqv vlplodu wr wkh }hursrlqw  xfwxdwlrqv ri wkh

5



hohfwurpdjqhwlf udgldwlrq wr eh vwxglhg ehorz1 Lq wkh fdvh ri sduwlfohv wkh
qrlvh fruuhvsrqgv wr wkh h{lvwhqfh ri d g|qdplfdo �Gludf vhd� ri sduwlfohv dqg
dqwlsduwlfohv zlwk vrph udqgrp prwlrq1 Txdqwxp frppxwdwlrq +dqwlfrp0
pxwdwlrq, uxohv surylgh d glvjxlvhg irup wr vwdwh wkh surshuwlhv ri wkh qrlvh
lq wkh fdvh ri �hogv +sduwlfohv,1 Wkhuh vkrxog eh dovr d �qrlvh� ri vsdfhwlph
lwvhoi lq wkh irup ri phwulf  xfwxdwlrqv1

Wkh h{lvwhqfh ri  xfwxdwlrqv jlyhv ulvh wr wzr fkdudfwhulvwlf wudlwv ri txdq0
wxp sk|vlfv1 Iluvwo| txdqwxp wkhru| vkrxog eh suredelolvwlf1 Vhfrqgo| lw
suhvhqwv d nlqg ri �zkrohqhvv�/ txlwh vwudqjh wr fodvvlfdo sk|vlfv zkhuh wkh
frqfhsw ri lvrodwhg v|vwhp lv fuxfldo1 Wkh idfw wkdw wkh ]SI dw gl�huhqw
srlqwv pd| eh fruuhodwhg lv wkh ruljlq ri wkh zkrohqhvv1 Lqghhg hqwdqjohphqw
pd| eh mxvw d fruuhodwlrq ri txdqwxp  xfwxdwlrqv dw gl�huhqw srlqwv1

Sodqfn*v frqvwdqw k �{hv wkh vfdoh ri wkh xqlyhuvdo qrlvh
Iru wkh vdnh ri fodulw| ohw ph frqvlghu mxvw d nlqg ri qrlvh/ wkh ]SI ri

wkh hohfwurpdjqhwlf �hog1 Zkdw duh lwv fkdudfwhulvwlfvB1 Wkh prvw uhohydqw
lv wkh vshfwuxp/ zklfk pd| eh gh�qhg dv wkh hqhuj| ghqvlw|/ 4 ED� c shu xqlw
iuhtxhqf| lqwhuydo/ _D1 Lw lv uhpdundeoh wkdw wkh vshfwuxp lv ixoo| �{hg/
h{fhsw iru d frqvwdqw/ e| wkh frqglwlrq ri uhodwlylvwlf +Oruhqw}, lqyduldqfh1
Wkh surri lv qrw gl!fxow exw L vkdoo jlyh dq dujxphqw zklfk pd| eh wudfhg
edfn wr Zlhq�v zrun lq 4;<71 Dq dgydqwdjh ri wkdw ghulydwlrq lv wkdw lw
glvflplqdwhv fohduo| wkhupdo qrlvh iurp wkh ]SI1 Frpelqlqj wkhuprg|qdplfv
zlwk Pd{zhoo�v hohfwurpdjqhwlf wkhru| Zlhq ghulyhg wkh glvsodfhphqw odz/
zklfk vwdwhv wkdw wkh vshfwuxp ri wkh eodfn erg| dw d whpshudwxuh A vkrxog
eh ri wkh irup 4 EDc A � ' D�s ED*A � � Oruhqw} lqyduldqfh lv lpsolflw lq wkh
xvh ri hohfwurpdjqhwlf wkhru|1 Qrz li wkhuh duh ]SI suhvhqw hyhq dw }hur
Nhoylq/ wkh ixqfwlrq s ED*A � vkrxog kdyh d �qlwh +qrw }hur, olplw iru A $ f�
Lw lv reylrxv wkdw wkh frqvwdqw lqyroyhg lq wkdw h{suhvvlrq vkrxog sod| d
ixqgdphqwdo uroh lq txdqwxp sk|vlfv1 Lw pxvw eh �{hg e| dsshdo wr wkh
h{shulphqwv dqg wkh uhvxow lv

4 ED� _D ' eZ
S� �D

�_D� +4,
Wkxv Sodqfn�v frqvwdqw/ �c dsshduv khuh zlwk d wudqvsduhqw phdqlqj/ lw
�{hv wkh vfdoh ri wkh xqlyhuvdo qrlvh ru txdqwxp qrlvh^6` +exw uhphphehu/ L
frqvlghu lw d uhdo  xfwxdwlqj �hog1, Wkh ]SI vshfwuxp ht1E�� lv xowudylrohw
glyhujhqw/ exw zh vkrxog h{shfw wkdw dw kljk iuhtxhqflhv lw zrxog eh fxw0r�
e| fuhdwlrq ru dqqlklodwlrq ri sduwlfohv dqg judylwdwlrqdo +jhqhudo uhodwlylvwlf,
h�hfwv1
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Wkh vshfwuxp ht1E�� fruuhvsrqgv wr dq hqhuj| �
2
�D shu qrupdo prgh ri

wkh udgldwlrq1 Xs wr khuh L kdyh frqvlghuhg wkh hohfwurpdjqhwlf �hog/ exw lw
lv sodxvleoh wkdw d vlplodu qrlvh h{lvwv iru doo �hogv1 Lqghhg doo ri wkhp vkrxog
eh lq d g|qdplfdo htxloleulxp ehfdxvh wkh| pd| lqwhudfw h{fkdqjlqj hqhuj|1
Wkh lqwhudfwlrq zloo eh vwurqjhu zkhq wkh iuhtxhqflhv ri wkh h{flwdwlrqv ri
wkh �hogv kdsshq wr kdyh wkh vdph iuhtxhqf|1 Lq vxppdu|/ wkh ixqgdphqwdo
dvvxpswlrq ri wkh sk|vlfdo prgho ehklqg txdqwxp wkhru|/ vxssruwhg lq wklv
hvvd|/ vkrxog eh wkh h{lvwhqfh ri d +uhdo, xqlyhuvdo qrlvh/ hyhq dw }hur Nhoylq/
frqvlvwlqj ri  xfwxdwlrqv ri doo irufh �hogv h{lvwlqj lq qdwxuh zlwk dq dyhudjh
hqhuj| �

2
�D iru hyhu| qrupdo prgh +h{fhsw dw yhu| kljk iuhtxhqflhv1,

Wkh qdwxudo h{whqvlrq ri wkh eholhi lq d udqgrp hohfwurpdjqhwlf udgldwlrq
zlwk vshfwuxp ht1E�� �oolqj wkh zkroh vsdfh lv vwrfkdvwlf +ru udqgrp, hohfwur0
g|qdplfv1 Wkdw wkhru| dvvxphv wkdw wkh ydfxxp hohfwurpdjqhwlf }hursrlqw
�hog lv d uhdo udgldwlrq/ dqg lw vwxglhv v|vwhpv ri hohfwulfdoo| fkdujhg sduwlfohv
lpphuvhg lq lw1 D vxppdu| kdv ehhq jlyhq e| Er|hu^6`/ dqg d uhylhz ri wkh
zrun pdgh xqwlo 4<<8 lv wkh errn e| gh od Shôd dqg Fhwwr^7`1

Txdqwxp yv1 fodvvlfdo suredelolwlhv
Lw lv fxuuhqwo| dvvxphg wkdw txdqwxp suredelolwlhv duh gl�huhqw iurp fodv0

vlfdo/ ruglqdu| olih/ suredelolwlhv1 Wkh fxuuhqw zlvgrp lv wkdw txdqwxp sure0
delolwlhv ghulyh iurp d odfn ri vwulfw fdxvdolw| ri wkh qdwxudo odzv1 Wkdw lv/
shrsoh dvvxphv wkdw wr wkh vdph fdxvh gl�huhqw h�hfwv pd| iroorz1 Wklv
lv xvxdoo| fdoohg wkh ixqgdphqwdo ru hvvhqwldo suredelolvwlf fkdudfwhu ri wkh
sk|vlfdo odzv1 Hlqvwhlq glvolnhg wkdw dvvxpswlrq dqg vwurqjo| fulwlfl}hg lw/
dv vkrzq lq klv fhoheudwhg vhqwhqfh �Jrg grhv qrw sod| glfh�1 L djuhh zlwk
Hlqvwhlq1 Lq p| rslqlrq wkhuh duh vwulfwo| fdxvdo odzv lq qdwxuh/ exw wkhuh lv
dovr dq xqlyhuvdo qrlvh zklfk shuphdwhv hyhu|wklqj dqg suhyhqwv dq| sudfwl0
fdo ghwhuplqlvp1 Vwulfw fdxvdolw| frpelqhg zlwk vwrfkdvwlflw| +udqgrpqhvv,
lv lq sudfwlfh lqglvwlqjxdvkdeoh iurp hvvhqwldo suredelolw|/ dqg wkh iruphu lv
wr ph pruh sdodwdeoh1 Dfwxdoo| wkh eholhi lq hvvhqwldoo| suredelolvwlf odzv
ghulyhv iurp dq h{fhvlyh hvwhhp ri wkh frpsohwhqhvv ri txdqwxp phfkdqlfv1
Lqghhg wkh hqvhpeoh lqwhusuhwdwlrq^5` r�huv d qdwxudo h{sodqdwlrq iru wkh
suredelolwlhv1

5 Frqvhtxhqfhv ri wkh txdqwxp  xfwxdwlrqv
Khlvhqehuj xqfhuwdlqw| uhodwlrqv

Ohw xv frqvlghu d fkdujhg sduwlfoh lq dq h{whuqdo srwhqwldo zhoo1 Gxh wr
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wkh h{lvwhqfh ri wkh ]SI/ wkh sduwlfoh zloo shuirup d pruh ru ohvv shulrglf
prwlrq zlwk d udqgrp iuhtxhqf|/ vd| ri rughu D� Dv wkh ]SI kdv hqhuj| �

2
�D

shu qrupdo prgh ri wkh udgldwlrq/ zh pd| dvvxph wkdw wkh sduwlfoh uhdfkhv
d g|qdplfdo htxloleulxp zlwk wkh ]SI zkhq lwv nlqhwlf hqhuj| lv vlplodu wr
kdoi wkh hqhuj| ri wkh dssursuldwh prgh/ wkdw lv

�
26�2 � �

e�D� +5,
Lw lv srvvleoh wr jhw d uhodwlrq lqghshqghqw ri wkh iuhtxhqf| e| wdnlqj lqwr
dffrxqw wkdw wkh phdq vtxduh yhorflw| pd| eh uhodwhg wr wkh phdq vtxduh
glvsodfhphqw yld

�2%
� � eZ2D2 kE%� k%l�l2 � eZ2D2{%2� +6,

Khqfh/ wdnlqj ht1E2� lqwr dffrxqw zh jhw

{%{R% * �
2 c � � �

2Z c{R2% � 62
�2%
� � +7,

Ri frxuvh rxu dujxphqw kdv ehhq pdgh iru d fkdujhg sduwlfoh/ exw zh pd| dv0
vxph wkdw rwkhu �hogv zrxog frqwulexwh wr wkh udqgrp prwlrq ri dq| sduwlfoh/
h1 j1 d  xfwxdwlqj phwulf/ surgxflqj d vlplodu h�hfw1

Wklv surylghv dq lqwxlwlyh lqwhusuhwdwlrq ri wkh Khlvhqehuj xqfhuwdlqw|
uhodwlrq dv iroorzv1 Gxh wr wkh txdqwxp qrlvh/ zlwk wkh shfxoldu vshfwuxp
ht1EBB� c lw lv lpsrvleoh wr orfdol}h d sduwlfoh lq d uhjlrq ri vl}h {% zlwkrxw wkh
sduwlfoh kdylqj d udqgrp prwlrq zlwk w|slfdo prphqwxp glvshuvlrq {R z
�*2{%� Wkxv wkh xqfhuwdlqw| uhodwlrq dsshduv dv d sudfwlfdo olplw wr wkh
orfdol}dwlrq ri sduwlfohv lq skdvh vsdfh/ udwkhu wkdq d ixqgdphqwdo sulqflsoh
ri �xqfhuwdlqw|�1 Krzhyhu lq sudfwlfh wkh gl�huhqfh lv ohvv uhohydqw wkdq lw
pd| dsshdu1 Iru lqvwdqfh dv doo phdvxulqj ghylfhv duh lpphuvhg lq wkh ]SI/
wkh lqwhudfwlrq ri d ghylfh zlwk d plfurvfrslf v|vwhp kdv d udqgrp fkdudfwhu
zklfk qhfhvvdulo| ohdgv wr d �glvwxuedqfh lqgxfhg e| wkh phdvxuhphqw�1 Wklv
idfw pd| h{sodlq wkh �Khlvhqehuj plfurvfrsh� dqg rwkhu h�hfwv dvvrfldwhg
wr wkh xqfhuwdlqw| uhodwlrqv1

D slfwxuh ri wkh txdqwxp zruog ri prohfxohv dqg vrolgv
Dv lv zhoo nqrzq wkh Khlvhqehuj uhodwlrqv doorz hvwlpdwlqj wkh vl}h dqg

hqhuj| ri wkh jurxqg vwdwh ri dq| txdqwxp v|vwhp1 Wkxv wkhvh surshuwlhv
pd| eh lqwhusuhwhg lqwxlwlyho| dv gxh wr wkh idfw wkdw doo v|vwhpv duh lpphuvhg
lq wkh xqlyhuvdo txdqwxp qrlvh +wkh ydfxxp  xfwxdwlrqv1, Wklv vxjjhvwv d
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slfwxuh ri txdqwxp v|vwhpv zklfk lv odfnlqj lq vwdqgdug txdqwxp phfkdqlfv1
Iru h{dpsoh/ lq wkh jurxqg vwdwh ri wkh k|gurjhq dwrp txdqwxp phfkdqlfv
dwwulexwhv wr wkh hohfwurq d zhoo nqrzq vskhulfdoo| v|pphwulf suredelolw|
glvwulexwlrq ri srvlwlrqv/ exw lq wkh vwdqgdug lqwhusuhwdwlrq wkdw glvwulexwlrq
grhv qrw phdq wkdw wkh hohfwurq kdv dq dfwxdo srvlwlrq dw dq| wlph1

Ohw xv frqvlghu qrz d zdwhu prohfxoh1 Dv lv zhoo nqrzq lw frqvlvwv ri wzr
k|gurjhq dwrpv dqg rqh r{ljhq dwrp sodfhg lq wkh yhuwlfhv ri dq lvrvfhohv
wuldqjoh zlwk dq dqjoh ri 437J dw wkh r{ljhq qxfohxv dqg vrph suhflvho| phd0
vxuhg k|gurjhq0r{ljhq glvwdqfhv1 Qrz txdqwxp phfkdqlfv vwdwhv wkdw wkh
jurxqg vwdwh ri dq lvrodwhg zdwhu prohfxoh srvvhvvhv }hur dqjxodu prphqwxp1
Lqghhg lw frqwdlqv dq hyhq qxpehu ri vslq0425 sduwlfohv frxsohg wr }hur wrwdo
vslq dqjxodu prphqwxp dqg }hur ruelwdo dqjxodu prphqwxp1 Dffruglqjo|
wkh txdqwxp irupdolvp vwdwhv wkdw wkh prohfxoh srvvhvvhv vskhulfdo v|p0
phwu| lq wkh jurxqg vwdwh1 Krz frxog zh xqghuvwdqg wklvB1 Wkh vwdqgdug
zlvgrp lv wkdw wkh +dqjxodu, irup ri wkh prohfxoh hphujhv rqo| dv d uhvxow ri
d phdvxuhphqw ru lq jhqhudo e| wkh lqwhudfwlrq zlwk wkh hqylurqphqw zkhq
wkh prohfxoh lv qrw lvrodwhg1 Wklv lqwhusuhwdwlrq lv udwkhu frxqwhulqwxlwlyh/ wr
vd| wkh ohdvw1 Lq frqwudvw wkhuh lv d slfwxuh udwkhu lqwxlwlyh= wkh prohfxoh uh0
wdlqv lwv irup dw dq| wlph/ exw fkdqjhv srvlwlrq udqgrpo|1 Ri frxuvh/ khuh zh
frqiurqw rqh ri wkh w|slfdo dvvxpswlrqv ri +vwdqgdug ru ruwkrgr{, txdqwxp
phfkdqlfv zklfk pdnhv dq lqwxlwlyh slfwxuh lpsrvvleoh1 Lq idfw/ wkh txdq0
wxp suhglfwlrq iru d }hur dqjxodu prphqwxp lv wkdw erwk/ wkh v|vwhp vwdwh
lv vskhulfdoo| v|pphwulf dqg wkh +}hur, dqjxodu prphqwxp lv glvshuvlrq0iuhh1
Lq p| rslqlrq wklv lv d fdvh zkhuh wkh vwdqgdug lqwhusuhwdwlrq ri wkh txdqwxp
irupdolvp vkrxog eh fkdqjhg1

Sduwlfoh ehkdylrxu ri �hogv
L dvvxph wkdw lq qdwxuh wkhuh duh sduwlfohv dqg �hogv +zdyhv,1 Wkhuh lv qr

sureohp wr xqghuvwdqg wkh orfdol}hg ghwhfwlrq ri sduwlfohv ru wkh lqwhuihuhqfh
ri zdyhv/ exw wkhuh duh gl!fxowlhv wr jhw d slfwxuh ri wkh zdyh ehkdylrxu
ri sduwlfohv ru wkh frusxvfxodu ehkdylrxu ri zdyhv1 Khuh vrph klqwv zloo eh
surylghg iru d srvvleoh xqghuvwdqglqj1 Wkh ghwhfwlrq ri lqglylgxdo skrwrqv
lq d skrwrjudsklf sodwh lv gxh wr wkh dwrplf qdwxuh ri wkh sodwh1 Lq wklv
fdvh vd|lqj wkdw udgldwlrq duh sduwlfohv ehfdxvh wkh| jlyh ulvh wr lqglylgxdo
eodfnhqhg judlqv lv olnh vd|lqj wkdw zlqg lv frusxvfxodu ehfdxvh wkh qxpehu
ri wuhhv idoolqj lq wkh iruhvw lv dq lqwhjhu1 Ri frxuvh lq erwk fdvhv/ wkh skrwr
dqg wkh iruhvw/ wkhuh lv d udqgrp hohphqw1 Lw lv reylrxv iru wkh zlqg exw/
dv h{sodlqhg deryh/ wkhuh lv dovr d udqgrp hohphqw lq wkh udgldwlrq= wkh
txdqwxp qrlvh1 Wkh ghwhfwlrq surfhvv lq d skrwrq frxqwhu pd| eh h{sodlqhg
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dv iroorzv1 Lqvlgh wkh ghwhfwru wkhuh duh v|vwhpv/ h1 j1 prohfxohv/ lq d
phwdvwdeoh vwdwh1 Wkh duulylqj udgldwlrq/ zlwk d udqgrp hohphqw gxh wr wkh
txdqwxp qrlvh/ kdv iurp wlph wr wlph vx!flhqw lqwhqvlw| wr vwlpxodwh wkh
ghfd| ri wkh phwdvwdeoh v|vwhp dqg wklv jlyhv ulvh wr d skrwrfrxqw1 Krzhyhu
wkh qrlvh dorqh/ ehlqj  xfwxdwlqj/ pd| hyhqwxdoo| surgxfh frxqwv lq wkh
devhqfh ri dq| vljqdo/ zklfk duh fdoohg gdun frxqwv1 +Gdun frxqwv duh xvxdoo|
dwwulexwhg wr wkhupdo  xfwxdwlrqv/ exw L fodlp wkdw txdqwxp  xfwxdwlrqv
pd| surgxfh wkhp dovr1, Wkh frxqwhu ehkdyhv olnh dq dodup v|vwhp1 Li lw
kdv orz vhqvlwlylw| lw pd| qrw ghwhfw vrph uhohydqw shuwxuedwlrq/ exw li lw
lv wrr vhqvlwlyh lw pd| eh dfwlydwhg e| dfflghqw1 Wkh vdph lv olnho| wuxh
iru skrwrq frxqwhuv1 Wklv ohdgv ph wr frqmhfwxuh wkdw lw lv qrw srvvleoh wr
pdqxidfwxuh ghwhfwruv zlwk 433( h!flhqf| exw qr gdun frxqwv dqg wkdw wklv
wudgh0r� lv wkh ruljlq ri wkh vrfdoohg h!flhqf| orrskroh lq wkh rswlfdo whvwv
ri Ehoo�v lqhtxdolwlhv1

Zdyh ehkdylrxu ri sduwlfohv1 O1 gh Eurjolh zdyhv
Lw lv dwwudfwlyh wkh k|srwkhvlv wkdw wkh zdyh ehkdylrxu ri sduwlfohv ghulyhv

iurp wkh h{lvwhqfh ri wkh txdqwxp qrlvh1 Wkxv zh pljkw dvvxph wkdw/ lq
wkh lqwhuihuhqfh ri hohfwurqv ru dwrpv/ lw lv wkh fdvh wkdw wkh vdlg zdyhv
lqwhuihuh dqg vrph ri wkhp frxsoh vwurqjo| wr wkh sduwlfoh/ jxlglqj lw wr wkh
vfuhhq zkhuh wkh lqwhuihuhqfh sdwwhuq dsshduv1 Wkh lghd wkdw dq| sduwlfoh
kdv dq dvvrfldwhg zdyh zdv sxw iruzdug e| O1 gh Eurjolh1 Klv sursrvdo lv
xvxdoo| xqghuvwrrg dv li hyhu| sduwlfoh srvvhvvhv rqh zdyh/ dq xqghuvwdqglqj
uhlqirufhg e| wkh txdqwlwdwlyh uhodwlrq ehwzhhq wkh sduwlfoh*v prphqxp/ s/
dqg wkh zdyhyhfwru/ n1 Wkh slfwxuh ri d xqltxh zdyh dvvrfldwhg wr hyhu|
sduwlfoh lv xqwhqdeoh1 Iru lqvwdqfh/ krz wkh +h{whqghg, zdyh pd| iroorz
wkh +orfdol}hg, sduwlfohB Lw lv pruh sodxvleoh wr dvvxph wkdw wkhuh lv vrph
edfnjurxqg ri zdyhv lq vsdfh deoh wr lqwhudfw zlwk sduwlfohv1 Wklv ohdgv djdlq
wr wkh lghd wkdw wkh zdyhv duh/ dfwxdoo|/ wkrvh ri wkh txdqwxp qrlvh1 Wkh
sureohp lv wkhq wr h{sodlq zk| wkh ryhukhoplqj lqwhudfwlrq ri wkh sduwlfoh
rffxuv zlwk mxvw rqh prgh ri wkh udgldwlrq/ wkdw lv wkh rqh jlyhq e| gh
Eurjolh*v uhodwlrq�

Gdun hqhuj|
Wkh revhuyhg dffhohudwhg h{sdqvlrq ri wkh xqlyhuvh lv fxuuhqwo| dvvxphg

wr ghulyh iurp d srvlwlyh pdvv ghqvlw| dqg qhjdwlyh suhvvxuh/ frqvwdqw wkurxjk0
rxw vsdfh dqg wlph/ zklfk duh srsxoduo| nqrzq dv �gdun hqhuj|�1 Wkh pdvv
ghqvlw|/ 4(.c dqg wkh suhvxuh/ R(.c duh

4(. * �R(. * �f32S nj2p�� +8,
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Pdq| sursrvdov kdyh ehhq pdgh iru wkh ruljlq ri gdun hqhuj|/ wkh prvw
srsxodu ehlqj wr lghqwli| lw zlwk wkh frvprorjlfdo frqvwdqw lqwurgxfhg e|
Hlqvwhlq lq 4<4: ru/ zkdw lv htxlydohqw lq sudfwlfh/ wr dvvxph wkdw lw ghulyhv
iurp wkh txdqwxp ydfxxp1 Lqghhg wkh htxdolw| 4(. ' �R(. lv dssursuldwh
iru wkh ydfxxp +lq Plqnrzvnl vsdfh/ ru zkhq wkh vsdfhwlph fxuydwxuh lv
vpdoo, ehfdxvh lw lv Oruhqw} lqyduldqw1

D sureohp dsshduv ehfdxvh/ li wkh gdun hqhuj| lv gxh wr wkh txdqwxp ydf0
xxp/ lw vkrxog eh hlwkhu vwulfwo| }hur ru ri wkh rughu ri Sodqfn�v ghqvlw|/ wkdw
lv derxw 456 rughuv ri pdjqlwxgh odujhu wkdq ht1ED�1 Krzhyhu lw lv nqrzq^:`
wkdw d pxfk ehwwhu �w wr ht1ED� pd| eh rewdlqhg li zh xvh d frpelqdwlrq ri
wkh ixqgdphqwdo frqvwdqwv Cc � dqg S soxv d pdvv sdudphwhu 6 ri wkh rughu
ri w|slfdo ixqgdphqwdo sduwlfohv1 Wkdw lv

4(. � C6SS2
�e � +9,

Lq idfw wkh revhuyhg ydoxh/ ht1ED� c lv rewdlqhg li wkh pdvv6 lv derxw ;3 wlphv
wkh hohfwurq pdvv1 Wklv lv d vdwlvidfwru| ydoxh iru d zhljkwhg dyhudjh ri wkh
hohphqwdu| sduwlfoh pdvvhv wdnlqj lqwr dffrxqw wkdw oljkw sduwlfohv h{flwdwlrqv
vkrxog eh pruh suredeoh wkdq h{flwdwlrqv ri pruh pdvvlyh sduwlfohv1 Wkh
sursrvdo ri ]hogrylfk^:`/ ohdgv wr wkh uhodwlrqv

4(.S2 � C6SSe
�e ' C62
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zklfk vxjjhvwv wkdw gdun hqhuj| ghqvlw| ht1ED� grhv qrw fruuhvsrqg wr wkh
phdq ydfxxp hqhuj|/ zklfk lv olnho| }hur/ exw wr +vpdoo, h�hfwv dvvrfldwhg wr
wkh txdqwxp ydfxxp  xfwxdwlrqv1 Lqghhg dq h{solflw fdofxodwlrq^;` zlwklq
jhqhudo uhodwlylw| ohdgv wr ht1ED� zlwk d vlqjoh iuhh sdudphwhu/ wkh pdvv p lq
ht1ES� �

6 Frqfoxvlrqv
Dq lqwxlwlyh slfwxuh ri wkh txdqwxp zruog zrxog eh xvhixo dqg srvvleoh1
Wkh vwduwlqj srlqw iru wkdw slfwxuh lv wr dvvxph wkdw txdqwxp phfkdqlfv lv
d vwrfkdvwlf wkhru| dqg wkdw w|slfdoo| txdqwxp skhqrphqd duh gxh wr dq
xqlyhuvdo qrlvh lq wkh irup ri uhdo ydfxxp  xfwxdwlrqv ri doo �hogv suhvhqw lq
qdwxuh1
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Dq dwwhpsw dw h{sodlqlqj hyhu| txdqwxp skhqrphqd iurp wkh ydfxxp
 xfwxdwlrqv yld dq lqwxlwlyh slfwxuh vhhpv iruplgdeoh1 D ehwwhu dssurdfk lv
wr wu| wr jhw d slfwxuh ghulyhg iurp wkh txdqwxp irupdolvp/ lq sduwlfxodu wr
xqghuvwdqg wkh frppxwdwlrq dqg dqwlfrppxwdwlrq uxohv dv d irup ri fkdu0
dfwhul}lqj wkh udqgrpqhvv dvvrfldwhg wr txdqwxp phfkdqlfv1 Dq dwwhpsw lq
wklv gluhfwlrq kdv ehhq sxeolvkhg^8`1

D sureohp iru wkh xqghuvwdqglqj ri txdqwxp phfkdqlfv dv d vwrfkdvwlf
wkhru| dorqj wkh olqhv khuh suhvhqwhg lv wkh doohjhg ylrodwlrq ri wkh Ehoo
lqhtxdolwlhv1 Lw lv wkh fdvh wkdw d orrskroh iuhh ylrodwlrq kdv qrw |hw ehhq
surgxfhg lq vslwh ri wkh elj h�ruw ri pdq| shrsoh gxulqj doprvw 83 |hduv1
Iru ph wklv idloxuh lv dq lqglfdwlrq wkdw txdqwxp phfkdqlfv lv frpsdwleoh
zlwk orfdo klgghq yduldeohv iru uhdo h{shulphqwv/ hyhq li vrph lghdo +jhgdqnhq,
h{shulphqwv ylrodwh wkh Ehoo lqhtxdolw|^9`1
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