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Nhoo|*v dqg Pduwlq dqg Rvkhuvrq*v frqwulexwlrqv wr wklv v|psrvlxp lqwurgxfh
pdq| ri wkh jhqhudo sklorvrsklfdo dqg pdwkhpdwlfdo lghdv ehklqg irupdo ohduq0
lqj wkhru|1 Wkh dlp ri wklv sdshu lv pruh sduwlfxodu= wr dsso| ohduqlqj0wkhruhwlf
dqdo|vlv lq d vshflñf lqihuhqfh sureohp wkdw dulvhv lq vflhqwlñf sudfwlfh1 Wkh
sureohp lv krz wr ñqg jhqhudo frqvhuydwlrq sulqflsohv wkdw fruuhfwo| suhglfw
zkdw uhdfwlrqv duh srvvleoh dprqj hohphqwdu| sduwlfohv1 Wkh dqdo|vlv zloo looxv0
wudwh pdq| ri wkh jhqhudo lghdv odlg rxw lq wkh rwkhu frqwulexwlrqv1 Pruhryhu/
hohphqwdu| sduwlfoh g|qdplfv lv dq lpsruwdqw grpdlq ri fxuuhqw sk|vlfdo lq0
txlu|/ dqg looxplqdwlqj lwv phwkrgrorj| lv mxvw wkh nlqg ri dssolfdwlrq wkdw rxu
dssurdfk wr wkh sklorvrsk| ri vflhqfh dlpv iru1
L zloo hpsor| wklv fdvh vwxg| wr hoderudwh vhyhudo pruh ohduqlqj0wkhruhwlf

lghdv= Krz wr wdnh dffrxqw ri hslvwhplf dlpv lq dgglwlrq wr uholdeoh frqyhujhqfh
wr wkh wuxwk> wkdw hpslulfdo frpsoh{lw|/ ru lqgxfwlyh xqghughwhuplqdwlrq/ frphv
lq ghjuhhv> dqg krz wr frqvwuxfw d klhudufk| ri hyhu pruh vwulqjhqw frqfhswlrqv
ri hpslulfdo vxffhvv1 Lqghhg/ rq p| dssurdfk wkhvh lghdv duh lqwlpdwho| uhodwhg1
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Iru vhwwlqj rxu vljkwv rq d fhuwdlq hslvwhplf dlp jlyhv ulvh wr d vwdqgdug ri
hpslulfdo vxffhvv1 Dqg zh pd| ghñqh wkh hpslulfdo frpsoh{lw| ri dq lqgxfwlyh
sureohp lq whupv ri wkh vwdqgdugv ri hpslulfdo vxffhvv wkdw duh ihdvleoh lq wkh
sureohp�wkh pruh frpsoh{ wkh sureohp/ wkh ohvv zh fdq h{shfw lqtxlu| wr
dfklhyh1 Vshflñfdoo|/ L vkdoo frqvlghu idvw dqg vwhdg| frqyhujhqfh wr d fruuhfw
wkhru| dv hslvwhplf dlpv lq dgglwlrq wr uholdeoh frqyhujhqfh1 Zh pljkw wklqn ri
wkhvh dgglwlrqdo dlpv dv hïflhqf| fulwhuld iru lqtxlu|1
Wkh ñuvw txhvwlrq wkdw ohduqlqj wkhru| dvnv derxw dq lqgxfwlyh sureohp lv

zkhwkhu wkhuh lv dq lqgxfwlyh phwkrg wkdw lv jxdudqwhhg wr ñqg wkh uljkw dqvzhu/
dv pruh dqg pruh hylghqfh lv jdwkhuhg1 Lq wkh sduwlfoh grpdlq lw wxuqv rxw
wkdw zlwkrxw ixuwkhu edfnjurxqg dvvxpswlrqv/ wkh dqvzhu lv qhjdwlyh= sduwlfoh
g|qdplfv lv srwhqwldoo| vr frpsolfdwhg wkdw qr phwkrg lv jxdudqwhhg wr vhwwoh
rq dq hpslulfdoo| dghtxdwh dffrxqw ri lw/ hyhq lq wkh olplw ri lqtxlu|1
Krzhyhu/ wkh lqgxfwlyh frpsoh{lw| ri dq hpslulfdo sureohp lv qhyhu devroxwh/

exw dozd|v uhodwlyh wr wkh edfnjurxqg dvvxpswlrqv wkdw wkh lqtxluhu lv zloolqj wr
hqwhuwdlq1 Vlqfh edfnjurxqg dvvxpswlrqv ghshqg odujho| rq wkh vshflñf frqwh{w
ri lqtxlu|/ wklv lv d fuxfldo srlqw dw zklfk wkh ghwdlov ri wkh jlyhq grpdlq ri
lqtxlu| hqwhu lqwr ohduqlqj0wkhruhwlf dqdo|vlv1 Lv wkhuh d sodxvleoh dvvxpswlrq
wkdw zrxog uhgxfh wkh hpslulfdo frpsoh{lw| ri sduwlfoh g|qdplfv wr wkh srlqw
dw zklfk uholdeoh lqtxlu| lv ihdvleohB Lqghhg wkhuh lv= Li zh vxssrvh wkdw vrph
vhw ri frqvhuydwlrq sulqflsohv lv hpslulfdoo| dghtxdwh/ wkhq wkhuh lv dq lqihuhqfh
surfhgxuh wkdw lv jxdudqwhhg wr ñqg d fruuhfw vhw ri frqvhuydwlrq sulqflsohv
dv pruh dqg pruh sduwlfoh uhdfwlrqv duh revhuyhg1 Wkh irfxv rq frqvhuydwlrq
sulqflsohv lv d surplqhqw ihdwxuh ri sduwlfoh sk|vlfv wkdw pdq| frpphqwdwruv
kdyh uhpdunhg rq1
Li zh dvvxph ixuwkhu wkdw doo sduwlfohv duh ghwhfwdeoh/ wkhq uholdeoh dqg hi0

ñflhqw frqyhujhqfh wr dq hpslulfdoo| dghtxdwh frqvhuydwlrq wkhru| lv srvvleoh1
Pruh suhflvho|/ wkhuh lv dq lqihuhqfh surfhgxuh wkdw plqlpl}hv frqyhujhqfh wlph
dqg vxffhhgv zlwk dq d sulrul erxqghg qxpehu ri wkhru| fkdqjhv1 Krzhyhu/ li
zh doorz wkdw klgghq sduwlfohv pd| eh suhvhqw +wkrxjk qrw lqñqlwho| pdq| ri
wkhp, uholdeoh lqtxlu| lqwr frqvhuydwlrq odzv lv vwloo ihdvleoh/ exw wkhuh lv qr d
sulrul erxqg rq wkh qxpehu ri wkhru| fkdqjhv wkdw pd| eh uhtxluhg1
Wkhvh uhvxowv looxvwudwh krz vwurqjhu dvvxpswlrqv shuplw lqtxlu| wr uhdol}h

pruh hslvwhplf dlpv1 Wkh lghd wkdw d iudphzrun ri dowhuqdwlyh wkhrulhv/ vxfk dv
frqvhuydwlrq sulqflsohv/ surylghv jxlglqj frqvwudlqwv wr lqtxluhuv lv qrw qhz wr
vflhqfh vfkroduv1 Nxkq lghqwlñhv frqvwudlqwv rq wkhruhwlfdo dowhuqdwlyhv dv rqh ri
wkh _sdudgljp uxohv% wkdw jryhuq _sx}}oh0vroylqj% lq qrupdo vflhqfh +4<:3,1 Kh
dovr vshdnv udwkhu ghsuhfdwlqjo| ri _wu|lqj wr irufh qdwxuh lqwr er{hv% +Nxkq
4<:3/ s1 57,1 D pruh qxdqfhg sdvvdjh wkdw ñwv p| fdvh vwxg| zhoo lv wkh
iroorzlqj1

Suhylrxvo|/ zh kdg sulqflsdoo| h{dplqhg wkh sdudgljp*v uroh dv d
yhklfoh iru vflhqwlñf wkhru|1 Lq wkdw uroh lw ixqfwlrqv e| whoolqj wkh
vflhqwlvw derxw wkh hqwlwlhv wkdw qdwxuh grhv dqg grhv qrw frqwdlq
dqg derxw wkh zd|v lq zklfk wkrvh hqwlwlhv ehkdyh1 Wkdw lqirupdwlrq
surylghv d pds zkrvh ghwdlov duh hoxflgdwhg e| pdwxuh vflhqwlñf
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uhvhdufk1 Dqg vlqfh qdwxuh lv wrr frpsoh{ dqg ydulhg wr eh h{soruhg
dw udqgrp/ wkdw pds lv dv hvvhqwldo dv revhuydwlrq dqg h{shulphqw
wr vflhqfh*v frqwlqxlqj ghyhorsphqw1 +Nxkq 4<:3/ s1 43<,

Wkh uhvxow wkdw zlwkrxw ixuwkhu edfnjurxqg dvvxpswlrqv/ wkhuh lv qr uholdeoh
phwkrg iru ñqglqj dq hpslulfdoo| dghtxdwh wkhru| ri sduwlfoh uhdfwlrqv pd| eh
vhhq dv d suhflvh ohduqlqj0wkhruhwlf irupxodwlrq ri wkh lghd wkdw wkh sduwlfoh
zruog lv _wrr frpsoh{ dqg ydulhg wr eh h{soruhg dw udqgrp%1 Dqg wkh fxuuhqw
sdudgljp lq sduwlfoh sk|vlfv whoov vflhqwlvwv derxw _wkh zd|v lq zklfk ^hohphq0
wdu| sduwlfohv` ehkdyh%/ qdpho| lq zd|v wkdw iroorz wkh orjlf ri frqvhuydwlrq
sulqflsohv1 Zh wkxv kdyh d vsdfh ru _pds% ri dowhuqdwlyh frqvhuydwlrq wkhrulhv1
Uholdeoh lqtxlu| wdnhv xv wr wkh sduw ri wkh vsdfh/ ru wkh sodfh rq wkh pds/
zkhuh wkh dfwxdo zruog lv orfdwhg1 Wkh ghwdlov ri wklv sdshu vkrz krz h{dfwo|
lw jxlghv xv wkhuh1

2 Aüi ûiê çL?tihñ@|ðL? èhð?UðT*it ð? è@h|ðU*i
èü)tðUt

Zkhuhdv fodvvlfdo frqvhuydwlrq sulqflsohv vxfk dv frqvhuydwlrq ri hqhuj|/ pr0
phqwxp/ dqg hohfwulf fkdujh uxoh rxw pdq| uhdfwlrqv dprqj hohphqwdu| sdu0
wlfohv/ wkh| gr qrw fdswxuh wkh ixoo udqjh ri wkh skhqrphqd1 Wkxv sk|vlflvwv
kdyh vrxjkw qhz sulqflsohv/ w|slfdoo| dovr lq wkh irup ri frqvhuydwlrq sulqflsohv/
wkdw jlyh wkh fruuhfw suhglfwlrqv1 Qreho Odxuhdwh Ohrq Frrshu vxppdul}hg wkh
vlwxdwlrq dv iroorzv1

Lq wkh dqdo|vlv ri hyhqwv dprqj wkhvh qhz sduwlfohv/ zkhuh wkh
irufhv duh xqnqrzq dqg wkh g|qdplfdo dqdo|vlv/ li wkh| zhuh nqrzq/
lv doprvw lpsrvvleo| glïfxow/ rqh kdv wulhg e| revhuylqj zkdw grhv
qrw kdsshq wr ñqg vhohfwlrq uxohv/ txdqwxp qxpehuv/ dqg wkxv wkh
v|pphwulhv ri wkh lqwhudfwlrqv wkdw duh uhohydqw1 Zkdw kdv judgxdoo|
frph rxw ri wklv dqdo|vlv lv wkdw lq dgglwlrq wr wkh txdqwlwlhv/ zklfk
duh dozd|v wkrxjkw ri dv ehlqj frqvhuyhg +prphqwxp/ hqhuj|/ khdy|
sduwlfoh qxpehu/ dqg vr rq,/ wkhuh duh txdqwlwlhv vxfk dv vwudqjhqhvv
dqg lvrwrslf vslq/ zklfk duh frqvhuyhg e| vrph lqwhudfwlrqv dqg qrw
rwkhuv1 Qr rqh nqrzv zk|1 +Frrshu 4<:3/ s1 78;,

Dv Frrshu h{sodlqv/ sk|vlflvwv kdyh ghdow zlwk wkh kljk ghjuhh ri lqgxfwlyh
frpsoh{lw| lq wkh sduwlfoh grpdlq e| cwu|lqj wr ñqg vhohfwlrq uxohv*/ wkdw lv/ qhz
frqvhuydwlrq sulqflsohv wkdw kdyh cjudgxdoo|* hphujhg iurp dqdo|}lqj hqrxjk
gdwd1 Krz glïfxow lv lw wr ñqg hpslulfdoo| dghtxdwh frqvhuydwlrq sulqflsohvB Lq
frqwudvw zlwk pdq| ri wkh wudglwlrqdo frqvhuydwlrq sulqflsohv/ wkhuh lv riwhq qr
d sulrul v|pphwu| dujxphqw iru wkh qhz vhohfwlrq uxohv1 Dv Frrshu sxwv lw/ cqr
rqh nqrzv zk|* vrph ri wkhp krog iru fhuwdlq fodvvhv ri uhdfwlrqv1 Vlploduo|/
Zlooldpv frpphqwv zlwk uhjdug wr wkh qhz sulqflsoh ri frqvhuydwlrq ri ohswrq
qxpehu wkdw cwklv ohswrq qxpehu frqvhuydwlrq lv duelwudu| dqg kdv qr edvlv lq
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pruh ixqgdphqwdo lghdv* +Zlooldpv 4<<:/ s1 5;8,1 Ghvslwh wkh odfn ri wkhruhwlfdo
jxlgdqfh wrzdugv frqvhuyhg txdqwlwlhv/ sk|vlflvwv frqvlghu lw idluo| hdv| wr ñqg
frqvhuydwlrq sulqflsohv wr dffrxqw iru jlyhq gdwd1 Lq klv judgxdwh wh{w rq sduwlfoh
sk|vlfv Rpqhv h{sodlqv crqfh dqg iru doo* d phwkrg iru lqihuulqj vhohfwlrq uxohv
+4<:4/ s1 69,1 Ih|qpdq uhpdunv wkdw cwkh uhdvrq zk| zh pdnh wkhvh wdeohv
^ri frqvhuyhg txdqwlwlhv` lv wkdw zh duh wu|lqj wr jxhvv dw wkh odzv ri qxfohdu
lqwhudfwlrq/ dqg wklv lv rqh ri wkh txlfn zd|v ri jxhvvlqj dw qdwxuh* +4<98/ s1
9:,1
Ohduqlqj wkhru| vxssolhv wkh wrrov iru h{dplqlqj dqg vkdushqlqj vxfk mxgjh0

phqwv derxw wkh glïfxow| ri sduwlfoh lqtxlu| xqghu ydulrxv dvvxpswlrqv1 Wr ds0
so| wkh iudphzrun/ L fdvw wkh sduwlfoh lqtxlu| wdvn lq wkh prxog ri dq lqihuhqfh
sureohp1 Dv dozd|v lq exloglqj d prgho/ glòhuhqw prghov pd| eh dssursuldwh
ghshqglqj rq zkdw dvshfw ri wkh skhqrphqrq zh zlvk wr hpskdvl}h1 L zloo
surfhhg zlwk d vwudljkwiruzdug irupxodwlrq +zklfk lv hvvhqwldoo| gxh wr Udxo
Ydogêhv0Sêhuh}, iru qrz dqg frqvlghu vrph yduldwlrqv odwhu1 Pruh ri wkh lvvxhv
shuwlqhqw wr irupxodwlqj ohduqlqj0wkhruhwlf prghov ri sduwlfoh lqtxlu| duh glv0
fxvvhg lq +Vfkxowh iruwkfrplqj,> vhh dovr +Ydogêhv0Sêhuh} dqg Hugpdqq 4<<7>
Ydogêhv0Sêhuh} dqg b]|wnrz 4<<9,1
Wkh edvlf frpsrqhqwv ri ohduqlqj0wkhruhwlf prghov duh +4, d vhw ri hylghqfh

lwhpv/ +5, d vhw ri k|srwkhvhv xqghu lqyhvwljdwlrq/ dqg +6, d fruuhfwqhvv uhodwlrq
wkdw vshflñhv zklfk k|srwkhvhv duh fruuhfw rq d jlyhq wrwdo/ xvxdoo| lqñqlwh/ erg|
ri hylghqfh1 Lq wkh sduwlfoh vhwwlqj/ L wdnh wkh hylghqfh lwhpv wr eh uhdfwlrqv
dprqj hohphqwdu| sduwlfohv1 Wkhuh duh wzr w|shv ri uhdfwlrqv wkdw duh ri lqwhuhvw
lq sduwlfoh sk|vlfv/ ghfd|v dqg froolvlrqv1 D ghfd| lv d wudqvlwlrq iurp rqh
sduwlfoh lqwr rwkhuv> d froolvlrq lv d wudqvlwlrq iurp wzr sduwlfohv lqwr rwkhuv1 Wr
ghvfuleh uhdfwlrqv/ L zloo xvh wkh idploldu duurz qrwdwlrq1 Lq wkh duurz qrwdwlrq/
zh zulwh wkh uhdjhqwv rq wkh ohiw vlgh ri dq duurz dqg wkh surgxfwv rq wkh uljkw1
Iru h{dpsoh/ frqvlghu d froolvlrq ri wzr surwrqv wkdw surgxfhv wzr surwrqv soxv
d slrq1 Duurz qrwdwlrq uhqghuv wklv surfhvv dv s. s$ s. s. ä1 Iru dqrwkhu
h{dpsoh/ çý $ hý . æç . æh ghqrwhv d w|slfdo ghfd| ri d pxrq1 D uhdfwlrq
vwuhdp % lv dq lqñqlwh vhtxhqfh ri uhdfwlrqv1 Wkh lqlwldo vhtxhqfh ri wkh ñuvw n
uhdfwlrqv lq d uhdfwlrq vwuhdp lv ghqrwhg dv %mn1
Wkh vhw ri k|srwkhvhv xqghu lqyhvwljdwlrq duh fodvvlñfdwlrqv ri uhdfwlrqv lqwr

csrvvleoh* dqg clpsrvvleoh*1 L uhihu wr vxfk k|srwkhvhv dv wkhrulhv ri sduwlfoh uhdf0
wlrqv1 D wkhru| ri sduwlfoh uhdfwlrqv lv hpslulfdoo| dghtxdwh li lw +4, fodvvlñhv doo
revhuyhg uhdfwlrqv dv srvvleoh dqg +5, fodvvlñhv uhdfwlrqv wkdw duh qhyhu revhuyhg
dv lpsrvvleoh1 Lq dgglwlrq wr hpslulfdo dghtxdf|/ wkhuh duh pdq| yluwxhv wkdw
zh pljkw ghvluh lq rxu wkhrulhv/ vxfk dv ehlqj vlpsoh/ frpsxwdeoh/ ru v|vwhp0
dwlf +vhh Nhoo| rq k|srwkhvlv yluwxhv +4<<9/ Fk1614, ru Jrogpdq rq vwdqgdugv
ri hslvwhplf hydoxdwlrq +4<;9/ Fk1414,,1 Ohduqlqj0wkhruhwlf prghov lqfrusrudwh
vxfk yluwxhv lq wkh fruuhfwqhvv uhodwlrq/ zklfk vshflñhv zkdw wkhrulhv frxqw dv
wkh uljkw dqvzhu iru d jlyhq wrwdo erg| ri hylghqfh1 Lq wklv sdshu/ L irfxv rq
wkh sureohp ri ñqglqj dq hpslulfdoo| dghtxdwh uhdfwlrq wkhru|1 +Vfkxowh iruwk0
frplqj,/ Vhfwlrqv < dqg 43/ glvfxvvhv ixuwkhu frqvwudlqwv rq wkh dghtxdf| ri
uhdfwlrq wkhrulhv wkdw vwhp iurp sduvlprq| dqg v|vwhpdwlflw|1 +Vfkxowh iruwk0
frplqj, dovr vxssolhv d frpsohwho| irupdo vshflñfdwlrq ri wkh lqihuhqfh sureohp>
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iru p| fxuuhqw sxusrvhv/ wkh jlyhq ohyho ri ghwdlo lv vxïflhqw1

ô +i*ð@M*i W?^ýðh) ð?|L è@h|ðU*i +i@U|ðL?t

Vr idu L kdyh ghvfulehg wkh lqgxfwlyh sureohp ri ñqglqj dq hpslulfdoo| dghtxdwh
wkhru| ri zkdw wudqvlwlrqv dprqj hohphqwdu| sduwlfohv duh srvvleoh1 Qrz L
irupxodwh d qrwlrq ri zkdw lw lv iru dq lqyhvwljdwlyh phwkrg wr vroyh wklv sureohp1
Dq lqihuhqfh uxoh iru wkh sduwlfoh uhdfwlrq sureohp lv d ixqfwlrq ï wkdw

dvvljqv d frqmhfwxuh wr hdfk slhfh ri hylghqfh1 Irupdoo|/ ï+h, @ W / zkhuh h lv
vrph olvw ri revhuyhg uhdfwlrqv dqg W lv d uhdfwlrq wkhru|1 L zloo dovr uhihu wr
lqihuhqfh uxohv dv clqgxfwlyh phwkrgv*/ clqihuhqfh phwkrgv* ru vlpso| cwkhrulvwv*1
Dq lqihuhqfh phwkrg frqyhujhv wr dq hpslulfdoo| dghtxdwh wkhru|

rq d jlyhq vhtxhqfh ri uhdfwlrqv e| wlph w mxvw lq fdvh wkh phwkrg*v wkhru|
lv hpslulfdoo| dghtxdwh iru wkh uhdfwlrq vwuhdp % dw wlph w dqg dw doo wlphv
wkhuhdiwhu1 Irupdoo|/ vxffhvv rq d uhdfwlrq vwuhdp % e| wlph w uhtxluhv wkdw
iru doo wlphv w3 è w/ lw lv wkh fdvh wkdw ï+%mw3, lv hpslulfdoo| dghtxdwh iru %1
Dq lqihuhqfh phwkrg frqyhujhv wr dq hpslulfdoo| dghtxdwh wkhru| rq d jlyhq
uhdfwlrq vwuhdp % mxvw lq fdvh wkhuh lv d wlph w e| zklfk wkh phwkrg frqyhujhv
wr dq hpslulfdoo| dghtxdwh wkhru| iru %1 Lq wkdw fdvh L riwhq vlpso| vd| wkdw
wkh phwkrg vxffhhgv rq wkh uhdfwlrq vwuhdp %1 D phwkrg lv uholdeoh xqghu
jlyhq edfnjurxqg nqrzohgjh mxvw lq fdvh wkh phwkrg vxffhhgv rq hyhu| uhdfwlrq
vwuhdp % wkdw lv frqvlvwhqw zlwk wkh edfnjurxqg nqrzohgjh1
Iurp khuh rq/ L zloo frqvlghu wkh vlwxdwlrq ri dq lqtxluhu zkr lv lqyhvwljdwlqj

wkh g|qdplfv ri d ñ{hg vhw ri q revhuydeoh sduwlfohv +dqg srvvleo| vrph klgghq
rqhv,1 Zh fdq h{sdqg wkh prgho wr dffrpprgdwh qhz sduwlfoh glvfryhulhv/
exw wklv zrxog ohdg wr frpsolfdwlrqv zlwkrxw pxfk ixuwkhu lqvljkw lqwr wkh
phwkrgrorj| ri frqvhuydwlrq sulqflsohv1 Hyhq zlwk wkh uhvwulfwlrq wr d ñ{hg vhw
ri revhuydeoh sduwlfohv/ p| ñuvw uhvxow lv qhjdwlyh= zlwkrxw ixuwkhu edfnjurxqg
dvvxpswlrqv/ wkhuh lv qr uholdeoh phwkrg iru wkh uhdfwlrq lqihuhqfh sureohp1

Sursrvlwlrq 4 Wkhuh lv qr lqgxfwlyh phwkrg wkdw frqyhujhv wr dq hpslulfdoo|
dghtxdwh wkhru| ri sduwlfoh uhdfwlrqv rq hyhu| lqñqlwh vhtxhqfh ri sduwlfoh uhdf0
wlrqv1

Wkhuh duh wzr zd|v ri ghprqvwudwlqj Sursrvlwlrq 41 Iluvw/ ohw xv frqvlghu
krz pdq| wkhrulhv ri sduwlfoh uhdfwlrqv wkhuh duh1 D uhdfwlrq lv d ñqlwh vhtxhqfh
ri sduwlfohv> vlqfh wkhuh duh frxqwdeo| pdq| vhtxhqfhv gudzq iurp d ñqlwh vhw/
wkhuh duh srwhqwldoo| frxqwdeo| pdq| uhdfwlrqv1 D uhdfwlrq wkhru| lv d ixqfwlrq
iurp wkh vhw ri uhdfwlrqv wr wkh vhw isrvvleoh/ lpsrvvleohj> vlqfh wkhuh duh frxqw0
deo| pdq| uhdfwlrqv/ lw iroorzv iurp edvlf idfwv ri vhw wkhru| +Fdqwru*v gldjrqdo
dujxphqw, wkdw wkhuh duh xqfrxqwdeo| pdq| uhdfwlrq wkhrulhv1 Exw wkhuh duh
rqo| frxqwdeo| pdq| ñqlwh hylghqfh vhtxhqfhv/ vr iru dq| jlyhq lqtxluhu/ wkhuh
pxvw eh +xqfrxqwdeo|, pdq| wkhrulhv ri sduwlfoh uhdfwlrqv wkdw wkh lqtxluhu zloo
qhyhu surgxfh qr pdwwhu zkdw wkh hylghqfh lv1 Li rqh ri wkhvh wkhrulhv lv lq idfw
fruuhfw/ wkhq wkh lqtxluhu zloo qhyhu surgxfh lw/ pxfk ohvv frqyhujh wr lw1 Wkxv
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hyhu| lqgxfwlyh phwkrg zloo idlo wr frqyhujh wr dq hpslulfdoo| dghtxdwh wkhru|
rq vrph uhdfwlrq vwuhdp1
Wklv dujxphqw vkrzv wkdw wkh vkhhu vl}h ri wkh vhw ri dowhuqdwlyh wkhrulhv

lv d phdvxuh/ doehlw fuxgh/ ri wkh frpsoh{lw| ri lqtxlu|1 Wkh uhdfk ri lqtxlu|/
hyhq li fduulhg rq lqghñqlwho|/ qhyhu jrhv eh|rqg frxqwdeo| pdq| wkhrulhv1 Exw
w|slfdoo|/ wkhuh duh xqfrxqwdeo| pdq| srvvleoh zruogv wkdw pljkw eh dfwxdo/ dv
wkhuh duh xqfrxqwdeo| pdq| frqfhlydeoh sduwlfoh zruogv1 Khqfh lqtxlu| fdq h{0
soruh rqo| d vpdoo sduw ri wkh frqfhlydeoh whuudlq ri qdwxuh/ dqg zh qhhg ixuwkhu
dvvxpswlrqv wr jxlgh lwv irfxv/ wr dyrlg _h{sorulqj dw udqgrp%1 Wklv revhuyd0
wlrq wrr vxlwv Nxkq*v ghvfulswlrq ri wkh frqvwudlqwv lpsrvhg e| wkh sdudgljp=
_111wkh udqjh ri dqwlflsdwhg/ dqg wkxv ri dvvlplodeoh/ uhvxowv lv dozd|v vpdoo frp0
sduhg zlwk wkh udqjh wkdw lpdjlqdwlrq fdq frqfhlyh% +Nxkq 4<:3/ s1 68,1 Dw
d plqlpxp/ zh qhhg wr uhvwulfw wkh vhw ri dowhuqdwlyh k|srwkhvhv dprqj zklfk
lqtxlu| lv wr ghflgh wr wkh vdph vl}h dv wkh vhw ri qdwxudo qxpehuv1
Krzhyhu/ wkrxjk qhfhvvdu|/ uhvwulfwlqj wkh vhw ri dowhuqdwlyh k|srwkhvhv wr

frxqwdeoh vl}h lv e| qr phdqv vxïflhqw iru uholdeoh lqtxlu|1 Wklv lv ehfdxvh d
frxqwdeoh vhw ri dowhuqdwlyh dffrxqwv ri qdwxuh fdq vwloo frqwdlq juhdw _frpsoh{0
lw| dqg ydulhw|%1 Iru frxqwdeoh vhwv ri dowhuqdwlyh wkhrulhv/ zh pd| hvwdeolvk wkh
lpsrvvlelolw| ri uholdeoh lqtxlu| e| phdqv ri d gldjrqdo dujxphqw dorqj wkh olqhv
ri Sxwqdp +4<96/ 4<98/ 4<:8,1 D gldjrqdo dujxphqw vkrzv krz/ jlyhq d phwkrg
ri lqtxlu|/ dq dgyhuvdu|�dq lqgxfwlyh frxvlq ri Ghvfduwhv* ghprq�fdq suhvhqw
hylghqfh lq vxfk d zd| wkdw wkh phwkrg grhv qrw vxffhhg lq vhwwolqj rq d fruuhfw
k|srwkhvlv1 Wkh ghprq grhv qrw shuvrqli| dq| nlqg ri cpdolfh* rq wkh sduw ri
qdwxuh/ exw udwkhu wkh ljqrudqfh ri wkh lqtxluhu1 Wkh pruh edfnjurxqg nqrzo0
hgjh wkh lqtxluhu kdv/ wkh ihzhu rswlrqv wkh lqgxfwlyh ghprq kdv iru ohdglqj klp
lqwr idovh eholhiv1 Sursrvlwlrq 4 grhv qrw dvvxph dq| edfnjurxqg nqrzohgjh rq
wkh wkhrulvw*v sduw/ vr wkh ghprq lv iuhh wr suhvhqw wkh vflhqwlvw zlwk dq| gdwd
zkdwvrhyhu1 Lq +Vfkxowh iruwkfrplqj, L ghvfuleh d w|slfdo gldjrqdo dujxphqw
vkrzlqj wkdw hyhq d vpdoo txhvwlrq derxw sduwlfoh g|qdplfv fdqqrw eh uholdeo|
vhwwohg/ hyhq lq wkh olplw ri lqtxlu|/ zlwkrxw ixuwkhu edfnjurxqg dvvxpswlrqv1
+Wkh txhvwlrq lv= krz pdq| slrqv fdq eh surgxfhg lq d froolvlrq ri wzr surwrqvB,
Vlqfh sduwlfoh sk|vlfv dgguhvvhv pdq| txhvwlrqv ri frpsdudeoh frpsoh{lw|/ lw lv
fohdu wkdw uholdeo| ñqglqj wkh uljkw dqvzhu wr doo wkhvh txhvwlrqv uhtxluhv ixu0
wkhu edfnjurxqg dvvxpswlrqv1 Wkh rshudwlyh edfnjurxqg dvvxpswlrq lq fxuuhqw
sduwlfoh sk|vlfv lv wkdw sduwlfoh g|qdplfv lv jryhuqhg e| frqvhuydwlrq sulqflsohv
+Frrshu 4<:3/ s1 78;,/ +Irug 4<96/ Fk17,/ +Qh*hpdq dqg Nluvfk 4<;6,1 Ohw xv
vhh krz wklv dvvxpswlrq uhgxfhv lqgxfwlyh frpsoh{lw|1

e +i*ð@M*i W?^ýðh) W?|L çL?tihñ@|ðL? èhð?UðT*it
`ð|üLý| Oð__i? è@h|ðU*it

Wdeoh 4 vkrzv d qxpehu ri +w|shv ri, sduwlfohv dqg vrph ri wkhlu frqvhuyhg
surshuwlhv1 Wkhvh txdqwlwlhv duh wkh vdph iru hdfk w|sh ri sduwlfoh lq doo uhdfwlrqv
+xqolnh/ vd|/ prphqwxp,1 Iurp qrz rq/ L zloo xvh wkh whup ctxdqwlw|* wr uhihu wr
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Sduwlfoh Fkdujh Edu|rq & Ohswrq & Hohfwurq & Pxrq &
4 Ný ý4 3 3 3 3
5 N. 4 3 3 3 3
6 N3 3 3 3 3 3

7 N3 3 3 3 3 3
8 q 3 4 3 3 3
9 q 3 ý4 3 3 3
: s ý4 ý4 3 3 3
; s 4 4 3 3 3
< äý ý4 3 3 3 3
43 ä. 4 3 3 3 3
44 ä3 3 3 3 3 3
45 ð 3 3 3 3 3
46 ç. 4 3 ý4 3 ý4
47 çý ý4 3 4 3 4
48 hý ý4 3 4 4 3
49 h. 4 3 ý4 ý4 3
4: æh 3 3 4 4 3
4; æh 3 3 ý4 ý4 3
4< æç 3 3 4 3 4
53 æç 3 3 ý4 3 ý4

Wdeoh 4= Txdqwxp Qxpehu Dvvljqphqwv dssolhg lq Vhohfwlrq Uxohv
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vxfk surfhvv0lqyduldqw surshuwlhv ri sduwlfohv1 L zloo frqvlghu rqo| frqvhuydwlrq
sulqflsohv wkdw lqyroyh surfhvv0lqyduldqw txdqwlwlhv +dovr fdoohg vhohfwlrq uxohv lq
sduwlfoh sk|vlfv,1
D uhdfwlrq frqvhuyhv d txdqwlw| mxvw lq fdvh wkh wrwdo vxp ri wkh txdqwlw|

ryhu wkh uhdjhqwv lv wkh vdph dv wkh wrwdo vxp ryhu wkh surgxfwv1 Iru h{dpsoh/
wkh uhdfwlrq s.s$ s.s.ä frqvhuyhv Edu|rq qxpehu/ vlqfh wkh Edu|rq wrwdo
ri wkh uhdjhqwv lv 5ûEdu|rq&+s, @ 5û4/ dqg wkh Edu|rq wrwdo ri wkh surgxfwv
lv 5 û Edu|rq&+s, . Edu|rq&+ä, @ 5 û 4 . 31 D jlyhq uhdfwlrq lv srvvleoh
dffruglqj wr d frqvhuydwlrq wkhru| rqo| li lw frqvhuyhv doo txdqwlwlhv wkdw ghñqh
vhohfwlrq uxohv14

Qrz ohw xv vhh krz wkh xvh ri frqvhuydwlrq sulqflsohv uhvroyhv wkh xqghugh0
whuplqdwlrq ri wkhru| e| hylghqfh1 Vxssrvh wkdw rwkhu uhvrxufhv iurp jhqhudo
sk|vlfdo wkhru|/ nqrzq frqvhuydwlrq sulqflsohv/ hwf1/ gr qrw vxïfh wr dqvzhu
wkh txhvwlrq ri krz pdq| slrqv fdq eh surgxfhg lq d froolvlrq ri wzr surwrqv1
Vxssrvh ixuwkhu wkdw zh dvvxph wkdw wkh dqvzhu pxvw olh zlwk frqvhuydwlrq
sulqflsohv jryhuqlqj froolvlrqv ri wzr surwrqv1 Qrz li zh revhuyh wkh uhdfwlrq
s. s$ s . s. ä/ zh lqihu wkdw zkdwhyhu frqvhuydwlrq sulqflsohv jryhuq frool0
vlrqv ri wzr surwrqv/ wkh slrq ä pxvw fduu| 3 ri dq| frqvhuyhg txdqwlw|/ ehfdxvh
fohduo| wkh wzr surwrqv rq wkh ohiw dqg rq wkh uljkw sxw wkh vdph zhljkw lqwr wkh
frqvhuydwlrq edodqfh1 Exw li wkh slrq ä fduulhv 3 ri hyhu| frqvhuyhg txdqwlw|/
wkhq wzr surwrqv pd| surgxfh dq| qxpehu ri slrqv zlwkrxw ylrodwlqj d frqvhu0
ydwlrq odz1 Wkxv diwhu revhuylqj rqh uhdfwlrq vxfk dv s . s $ s . s . ä wkdw
surgxfhv slrqv/ zh fdq ghgxfh wkdw dq| qxpehu ri slrqv fdq eh surgxfhg lq
d froolvlrq ri wzr surwrqv�zklfk lv edvlfdoo| zkdw fxuuhqw sduwlfoh wkhru| whoov
xv1
Wklv h{dpsoh vkrzv wkh srzhu ri frqvhuydwlrq sulqflsohv wr uhvroyh xqghu0

ghwhuplqdwlrq= Zlwkrxw ixuwkhu dvvxpswlrqv/ wkhuh lv qr uholdeoh zd| iru vhw0
wolqj wkh slrq sureohp/ qr pdwwhu krz pxfk hylghqfh wkh vflhqwlvw jdwkhuv +vhh
+Vfkxowh iruwkfrplqj/ Vhf17,,> xqghu wkh dvvxpswlrq wkdw vrph nlqg ri frqvhu0
ydwlrq wkhru| lv hpslulfdoo| dghtxdwh/ rqh revhuydwlrq hqwdlov wkh uljkw dqvzhu1
Zkdw derxw doo wkh rwkhu txhvwlrqv frqfhuqlqj sduwlfoh uhdfwlrqvB Lw fdq eh
vkrzq wkdw li zh dvvxph wkdw vrph vhw ri frqvhuydwlrq sulqflsohv lv hpslulfdoo|
dghtxdwh/ dqg wkdw qr klgghq sduwlfohv duh suhvhqw lq revhuyhg wudqvlwlrqv/ wkhq
wkhuh lv d uholdeoh lqihuhqfh phwkrg wkdw lv jxdudqwhhg wr vhwwoh rq dq hpslul0
fdoo| dghtxdwh wkhru| ri sduwlfoh uhdfwlrqv1 Pruhryhu/ wkh phwkrg lv ri d orz
frpsoh{lw| lq wkh vhqvh wkdw li zh duh lqyhvwljdwlqj wkh g|qdplfv ri q sduwlfohv/
wkh phwkrg fkdqjhv lwv frqvhuydwlrq sulqflsohv dw prvw q wlphv1 Wkh qxpehu
ri wlphv wkdw d phwkrg pd| kdyh wr fkdqjh lwv plqg lv d xvhixo phdvxuh ri
lqgxfwlyh frpsoh{lw| wkdw ohduqlqj wkhrulvwv kdyh hpsor|hg jrlqj edfn wr Kl0
odu| Sxwqdp*v zrun lq wkh 93v +Sxwqdp 4<98,1 Zh pd| wklqn ri wklv qxpehu
dv phdvxulqj wkh h{whqw wr zklfk phwkrgv jxlgh xv wrzdugv vwdeoh eholhi +fi1
+Vnodu 4<:8,,1

�5L4i ?ý4ihðU UL?tihñ@|ðL? Thð?UðT*it U@? Mi ñðL*@|i_ ð? Uih|@ð? !ð?_t Lu ð?|ih@U|ðL?të 6Lh
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Sursrvlwlrq 5 Dvvxph wkdw wkhuh lv dq hpslulfdoo| dghtxdwh vhw ri frqvhuyd0
wlrq sulqflsohv/ dqg wkdw qr klgghq sduwlfohv duh suhvhqw lq dq| revhuyhg wudqvl0
wlrq1 Wkhq wkhuh lv d uholdeoh lqihuhqfh phwkrg wkdw lv jxdudqwhhg wr frqyhujh wr
dq hpslulfdoo| dghtxdwh frqvhuydwlrq wkhru|1 Ixuwkhupruh/ iru d vhw ri q sduwl0
fohv xqghu lqyhvwljdwlrq/ wklv lqihuhqfh phwkrg uhylvhv lwv frqvhuydwlrq sulqflsohv
dw prvw q wlphv1

Wkh surri ri Sursrvlwlrq 5 lv d idluo| vwudljkwiruzdug dujxphqw lq olqhdu do0
jheud1 Wkh whfkqltxhv ri olqhdu dojheud ehfrph dydlodeoh iru rxu phwkrgrorjlfdo
dqdo|vlv li zh uhsuhvhqw dv yhfwruv uhdfwlrqv dqg txdqwxp surshuwlhv wkdw ghñqh
frqvhuydwlrq sulqflsohv1 Uhsuhvhqwlqj yhfwruv dv uhdfwlrqv lv vwdqgdug sudfwlfh
lq fkhplvwu| +Dulv 4<9<,1 Ydogêhv0Sêhuh} dgdswhg wkh lghd iru sduwlfoh uhdfwlrqv
+Ydogêhv0Sêhuh} dqg Hugpdqq 4<<7,1 +Vfkxowh iruwkfrplqj, ghvfulehv wkh yhfwru
uhsuhvhqwdwlrq dqg wkh surri ri Sursrvlwlrq 51

D +i*ð@M*i W?^ýðh) W?|L çL?tihñ@|ðL? èhð?UðT*it
`ð|ü Oð__i? è@h|ðU*it

Krz grhv lqtxlu| iduh lq sduwlfoh zruogv lq zklfk qrw doo sduwlflsdqwv lq d uh0
dfwlrq duh revhuyhgB Dw ñuvw jodqfh/ rqh pljkw wklqn wkdw wklv zloo pdnh qr
glòhuhqfh wr rxu dqdo|vlv1 Iru vr idu L kdyh glvfxvvhg rqo| krz lqtxlu| fdq
jxlgh xv wrzdugv hpslulfdoo| dghtxdwh wkhrulhv/ zlwkrxw uhtxlulqj wkdw lqtxlu|
ñqg wuxh wkhrulhv1 Lw vhhpv dv wkrxjk lqtxluhuv zkrvh dlp lv mxvw wr _vdyh
wkh skhqrphqd% qhhg qrw frqfhuq wkhpvhoyhv zlwk wkhruhwlfdo hqwlwlhv1 Kxpdq
lqtxluhuv pljkw olnh wr pdnh uhihuhqfh wr wkhruhwlfdo hqwlwlhv iru uhdvrqv rwkhu
wkdq vdylqj wkh skhqrphqd> wkh| pljkw iru h{dpsoh ihho wkdw wkhruhwlfdo hqwl0
wlhv |lhog ehwwhu h{sodqdwlrqv/ ru wkdw wkh| xqli| skhqrphqd/ ru wkdw wkh| pdnh
lw hdvlhu wr ghulyh suhglfwlrqv +vhh +Ydq Iuddvvhq 4<;3,/ +Khpsho 4<98/ LLL1;,,1
Exw qrwklqj lq p| qrwlrq ri dq lqgxfwlyh phwkrg uhvwulfwv phwkrgv wr wkrvh
wkdw frqirup wr rxu sv|fkrorj| dqg lqwxlwlrqv +wkrxjk ohduqlqj wkhrulvwv kdyh
frqvlghuhg vxfk uhvwulfwlrqv lq ghwdlo hovhzkhuh,1 Vr li wkhruhwlfdo hqwlwlhv vhuyh
ydoxhv rwkhu wkdq hpslulfdo dghtxdf|/ uholdeoh phwkrgv iru ñqglqj hpslulfdoo|
dghtxdwh wkhrulhv vkrxog kdyh qr qhhg wr ghdo zlwk klgghq hqwlwlhv1
Krzhyhu/ wklv dujxphqw lv idoodflrxv= dq dffrxqw ri klgghq hqwlwlhv dqg wkhlu

surshuwlhv fdq eh lqglvshqvdeoh iru sduwlfoh lqtxlu| wr duulyh dw dq hpslulfdoo|
dghtxdwh wkhru|1 Ohw*v jlyh dq h{dpsoh wr looxvwudwh wklv srlqw iru sduwlfoh
g|qdplfv1 Wkh h{dpsoh lv vlpsoh +dqg ñfwlwlrxv, exw lw looxvwudwhv wkh sulqflsoh1
Frqvlghu wzr sduwlfohv/ vd| N dqg ç1 Vxssrvh wkdw wkh wudqvlwlrqv N $ ç

dqgN.N $ N.N.ç.ç zhuh revhuyhg1 Li wkh surfhvvN.N $ N.N.ç.ç
frqvhuyhv d txdqwlw|/ wkhq wkh ç sduwlfoh pxvw fduu| 3 ri wkdw txdqwlw|1 Exw
wkhq wkh N sduwlfoh pxvw fduu| 3 ri wkh txdqwlw| wrr vlqfh N $ ç frqvhuyhv wkh
txdqwlw|1 Khqfh dq| frqvhuydwlrq wkhru| frqvlvwhqw zlwk wkhvh wzr revhuydwlrqv
pxvw dvvljq wkh ydoxh 3 iru hyhu| txdqwxp surshuw| wr erwk N dqg ç1 Wkhq dq|
surfhvv zkdwvrhyhu lqyroylqj wkhN dqg ç sduwlfoh zloo eh frqvlvwhqw zlwk d jlyhq
frqvhuydwlrq wkhru|1 Vxfk d frqvhuydwlrq wkhru| zrxog eh wulyldo zlwk uhvshfw
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wr wkhvh wzr sduwlfohv/ dqg hpslulfdoo| lqdghtxdwh li wkhuh lv vrph wudqvlwlrq
dprqj wkhp +h1j1/ N .N $ ç, wkdw lv qhyhu revhuyhg1
Rqh uhvsrqvh wr wklv revhuydwlrq lv wkdw li wkh wzr wudqvlwlrqv N $ ç dqg

N.N $ N.N .ç.ç zhuh revhuyhg/ zh zrxog jlyh xs wkh vxssrvlwlrq wkdw
vrph vhw ri frqvhuydwlrq sulqflsohv jryhuqv wkh sduwlfoh zruog1 Wklv srvvlelolw|
vkrzv wkdw wklv vxssrvlwlrq kdv ghñqlwh hpslulfdo frqwhqw dqg lv ghihdvleoh +iru
d suhflvh fkdudfwhul}dwlrq ri lwv hpslulfdo frqwhqw/ vhh +Vfkxowh iruwkfrplqj,,1
Nhoo|*v frqwulexwlrq dqdo|}hv lq ghwdlo wkh uroh ri vxfk ghihdvleoh suhvxssrvlwlrqv
lq uholdeoh lqtxlu|1
Dqrwkhu uhvsrqvh lv wr hqodujh wkh vhw ri dowhuqdwlyh k|srwkhvhv dydlodeoh wr

wkh wkhrulvw dqg dvn zkhwkhu zh frxog rewdlq d qrqwulyldo frqvhuydwlrq wkhru| e|
lqwurgxflqj klgghq sduwlfohv1 Wkh dqvzhu lv |hv= ohw*v k|srwkhvl}h wkdw gxulqj
wkh wudqvlwlrq N . N $ N . N . ç . ç d qhxwulqr æ zdv suhvhqw/ dqg wkh
uhdfwlrq wkdw dfwxdoo| wrrn sodfh zdv N .N $ N .N .ç.ç. æ1 Wkhq li zh
lqwurgxfh d txdqwlw| t dqg dvvljq t+N, @ 4>t+ç, @ 4>t+æ, @ ý5/ zh rewdlq d
frqvhuydwlrq sulqflsoh wkdw lv frqvlvwhqw zlwk wkh revhuyhg wudqvlwlrqv N $ ç
dqg N .N $ N .N . ç . ç exw qrw zlwk doo rwkhu surfhvvhv lqyroylqj wkh
N dqg ç sduwlfoh1 Iru h{dpsoh/ wkh vhohfwlrq uxoh lv lqfrqvlvwhqw zlwk revhuylqj
wkh wudqvlwlrq N .N $ ç= wkhuh lv qr zd| wr dgg qhxwulqrv wr wkh surgxfwv wr
pdnh wkh t0frxqw edodqfh rxw1
Vr idu/ vr jrrg1 Exw shukdsv wkh pryh wr klgghq sduwlfohv wulyldol}hv wkh

hqwhusulvh/ lq wkh vhqvh wkdw zh fdq ñw dq| gdwd zkdwvrhyhu zlwk wkh uljkw pl{
ri klgghq sduwlfohv dqg frqvhuydwlrq sulqflsohvB Wklv lv qrw vr= Iru h{dpsoh/ qr
pdwwhu zkdw klgghq sduwlfohv d frqvhuydwlrq wkhru| lqwurgxfhv/ lw fdqqrw uxoh
rxw wkh wudqvlwlrq N .N $ ç . ç dv d srvvleoh revhuydwlrq li lw uxohv lq wkh
wudqvlwlrq N $ ç1
Xvlqj wkh uhsuhvhqwdwlrq ri uhdfwlrqv dv yhfwruv phqwlrqhg lq Vhfwlrq 7/ zh

fdq fkdudfwhul}h wkh udqjh ri hpslulfdo skhqrphqd wkdw frqvhuydwlrq wkhrulhv
fdq fdswxuh zlwk klgghq sduwlfohv exw qrw zlwkrxw wkhp1 Iru d jlyhq vhw ri
revhuyhg wudqvlwlrqv uhsuhvhqwhg dv yhfwruv/ wkhuh lv wkh vhw ri ixuwkhu uhdfwlrqv
wkdq fdq eh rewdlqhg dv olqhdu frpelqdwlrqv ri wkh revhuyhg rqhv1 Zlwklq wkh
olqhdu frpelqdwlrqv/ zh pd| glvwlqjxlvk wkrvh wkdw xvh rqo| lqwhjhu frhïflhqwv
iurp wkrvh wkdw xvh vrph iudfwlrqv1 Xqrevhuyhg wudqvlwlrqv wkdw fdq eh jhq0
hudwhg iurp wkh revhuyhg rqhv rqo| e| xvlqj iudfwlrqdo frhïflhqwv duh h{dfwo|
wkrvh wkdw fdq eh uxohg rxw zlwk klgghq sduwlfohv/ exw qrw zlwkrxw wkhp1 Wklv
uhvxow uhtxluhv pruh olqhdu dojheud wkdq L fdq jr lqwr khuh> iru wkh ghwdlov vhh
+Vfkxowh iruwkfrplqj,1
Vr klgghq sduwlfohv doorz d frqvhuydwlrq wkhrulvw wr h{suhvv pruh hpslulfdo

uhjxodulwlhv/ wr vdyh pruh skhqrphqd1 Wkh rwkhu vlgh ri wkh frlq lv wkdw lqtxlu|
zlwk klgghq sduwlfohv lv pruh glïfxow wkdq zlwkrxw/ ehfdxvh wkh wkhrulvw pxvw
qrz wdnh dffrxqw ri pruh zd|v wkdw qdwxuh pljkw eh1 Lqghhg/ wkhuh lv d gldjrqdo
dujxphqw wr vkrz wkdw wkhuh lv qr uholdeoh phwkrg jxdudqwhhg wr duulyh dw dq
hpslulfdoo| dghtxdwh frqvhuydwlrq wkhru| zlwk klgghq sduwlfohv hyhq dvvxplqj
wkdw wkhuh lv rqh +Vfkxowh iruwkfrplqj,1 Krzhyhu/ li zh sodxvleo| dvvxph wkdw
wkh sduwlfoh zruog frqwdlqv dw prvw ñqlwho| pdq| klgghq sduwlfohv/ wkhq uholdeoh
lqtxlu| lv djdlq srvvleoh> exw wkhuh lv qr d sulrul erxqg rq wkh qxpehu ri wlphv
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wkdw d wkhrulvw pd| kdyh wr uhylvh khu frqvhuydwlrq sulqflsohv1 Wkxv uholdeoh
lqtxlu| lv srvvleoh exw pruh glïfxow wkdq lq wkh fdvh lq zklfk wkh sduwlfoh
zruog frqwdlqv qr xqrevhuyhg hqwlwlhv/ zkhq vhwwolqj wkh g|qdplfv ri q sduwlfohv
uhtxluhv dw prvw q wkhru| uhylvlrqv1
Zh kdyh vhhq wkdw dq lqtxluhu zkr vhhnv dq hpslulfdoo| dghtxdwh frqvhu0

ydwlrq wkhru|/ zkhwkhu ru qrw vkh dovr zdqwv khu wkhru| wr eh vlpsoh/ dqg wr
xqli| ru h{sodlq sduwlfoh g|qdplfv/ pd| rewdlq lqirupdwlrq derxw wkh revhuyhg
sduwlfoh zruog wkdw irufhv khu wr frqvlghu wkh lqkdelwdqwv ri wkh xqrevhuyhg
sduwlfoh zruog dqg wkhlu surshuwlhv1 Wklv lv qrw wr ghq| wkdw dq lqtxluhu pd|
wdnh glòhuhqw dwwlwxghv wrzdugv glòhuhqw sduwv ri khu wkhru|1 Dorqj wkh olqhv ri
+Ydq Iuddvvhq 4<;3,/ iru h{dpsoh/ vkh pd| eholhyh rqo| zkdw khu wkhru| whoov
khu derxw revhuydeoh sduwlfoh wudqvlwlrqv/ dqg phuho| _dffhsw% zkdw khu wkhru|
whoov khu derxw wkh suhvhqfh ri xqghwhfwhg sduwlfohv1 Iurp wkh srlqw ri ylhz ri
wkh fxuuhqw dqdo|vlv/ vxfk d glvwlqfwlrq/ zkloh frkhuhqw/ dsshduv udwkhu duwlñfldo/
vlqfh wkhrulhv derxw xqrevhuyhg sduwlfohv pdnh ghñqlwh suhglfwlrqv derxw re0
vhuydeoh sduwlfoh wudqvlwlrqv/ dqg lq vrph srvvleoh sduwlfoh zruogv frqvhuydwlrq
wkhrulhv wkdw lqwurgxfh xqrevhuyhg sduwlfohv duh wkh rqo| rqhv wkdw pdnh fruuhfw
suhglfwlrqv1

S +i*ð@M*i @?_ ,æUði?| W?^ýðh) W?|L è@h|ðU*i
+i@U|ðL?t

Iurp d uholdelolvw srlqw ri ylhz/ wkh ñuvw txhvwlrq wr dvn derxw dq hpslulfdo
sureohp lv zkhwkhu wkhuh lv d uholdeoh phwkrg iru vroylqj lw1 Exw wkdw lv qrw wkh
rqo| txhvwlrq1 Dv zh kdyh vhhq/ frqvlghulqj wkh ihdvlelolw| ri rwkhu frjqlwlyh
dlpv/ vxfk dv plqlpl}lqj wkhru| fkdqjhv dqg frqyhujhqfh wlph/ uhyhdov ñqh
judgdwlrqv lq wkh frpsoh{lw| ri lqgxfwlyh sureohp1 Vxfk frqvlghudwlrqv dovr
|lhog pruh frqvwudlqwv rq zkdw lqgxfwlyh phwkrgv rxjkw wr lqihu lq wkh vkruw
uxq1 Vrphwlphv wkhvh frqvwudlqwv duh yhu| vwurqj1 Iru h{dpsoh/ lq wkh sduwlfoh
uhdfwlrq sureohp/ phwkrgv wkdw lqihu wkdw d uhdfwlrq lv glvdoorzhg xqwlo lw lv
revhuyhg vhwwoh rq wkh uljkw dqvzhu derxw wkh srvvlelolw| ri hdfk uhdfwlrq zlwk
dw prvw rqh fkdqjh ri frqmhfwxuh/ qr pdwwhu zkdw wkh hylghqfh lv1 Lw lv srvvleoh
wr vkrz wkdw vxfk phwkrgv duh wkh rqo| rqhv wkdw dfklhyh wklv shuirupdqfh
zkloh dovr plqlpl}lqj frqyhujhqfh wlph +Vfkxowh iruwkfrplqj,1 Wkxv vwhdg|
dqg idvw uholdeoh lqtxlu| uhtxluhv fkrrvlqj wkh _forvhvw ñw% wr uhdfwlrq gdwd/
uxolqj rxw dv pdq| xqvhhq uhdfwlrqv dv lv srvvleoh zlwk frqvhuydwlrq sulqflsohv1
Wklv surfhgxuh dffrugv zhoo zlwk sudfwlfh +Rpqhv 4<:4/ s1 69,1
Rqh ri wkh idploldu fulwlflvpv ri orqj0uxq/ phdqv0hqgv hslvwhprorj| lq wkh

Sklorvrsk| ri Vflhqfh lv wkdw orqj0uxq vxffhvv lv frqvlvwhqw zlwk dq| ehkdylrxu lq
wkh vkruw uxq1 Wklv zdv wkh fulwlflvp wkdw Vdoprq ohyhoohg djdlqvw Uhlfkhqedfk*v
_sudjpdwlf ylqglfdwlrq% ri lqgxfwlrq +Vdoprq 4<<4,1 Wkh h{dpsoh deryh srlqwv
wkh zd| wr d uhvsrqvh wr wklv fulwlflvp= li zh wdnh lqwr dffrxqw hslvwhplf dlpv
lq dgglwlrq wr uholdeoh frqyhujhqfh wr d fruuhfw wkhru|/ wkhq wkhuh pd| eh yhu|
ihz ru hyhq mxvw rqh zd| ri gudzlqj lqihuhqfhv wkdw phhwv doo ri wkh ghvlghudwd1
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Wklv lv wkh fdvh lq wkh sduwlfoh uhdfwlrq sureohp iru wkh ghvlghudwd ri idvw/ vwhdg|
dqg uholdeoh lqtxlu|1
Lq rwkhu sureohpv/ wkh vdph jrdov dsso|/ exw pd| vdqfwlrq txlwh glòhuhqw

uxohv +Vfkxowh 4<<<d,1 Iru h{dpsoh/ li zh duh lqwhuhvwhg lq wkh h{lvwhqfh ri
ydulrxv revhuydeoh hqwlwlhv/ uholdeoh/ idvw dqg vwhdg| lqtxlu| vdqfwlrqv d ydul0
dqw ri Rffdp*v Ud}ru= _Gr qrw srvlw wkh h{lvwhqfh ri revhuydeoh hqwlwlhv xqwlo
|rx kdyh revhuyhg wkhp1% Dqg lq d Jrrgpdqldq Ulggoh ri Lqgxfwlrq/ uhol0
deoh/ idvw dqg vwhdg| lqtxlu| vlqjohv rxw wkh qdwxudo surmhfwlrq uxoh dv wkh ehvw
rqh +surmhfw wkdw doo hphudogv duh juhhq dv orqj dv wkdw k|srwkhvlv lv frqvlv0
whqw zlwk wkh hylghqfh,/ uhjdugohvv ri wkh odqjxdjh lq zklfk k|srwkhvhv dqg
hylghqfh duh iudphg1 Lw lv uhpdundeoh wkdw vxfk glvsdudwh phwkrgrorjlfdo gluhf0
wlyhv vwhp iurp wkh vdph frjqlwlyh ydoxhv1 Wkh uhdvrq iru wklv frqðxhqfh lv wkdw
wkh sduwlfoh uhdfwlrq sureohp/ wkh Jrrgpdqldq Ulggoh/ dqg wkh Rffdp sure0
ohp vkduh d frpprq vwuxfwxuh ri _whpsrudo hqwdqjohphqw% +Nhoo| iruwkfrplqj/
Vhf16, dprqj wkh ydulrxv srvvleoh zd|v lq zklfk wkh hylghqfh pljkw frph lq1
Wklv vwuxfwxuh lv d wrsrorjlfdo vwuxfwxuh lq wkh vsdfh ri hylghqfh vhtxhqfhv1 D
ohduqlqj0wkhruhwlf fkdudfwhul}dwlrq wkhruhp vwdwhv wkdw uholdeoh/ idvw dqg vwhdg|
lqtxlu| lv ihdvleoh li dqg rqo| li wkh sureohp xqghu lqyhvwljdwlrq kdv wkh wrsr0
orjlfdo vwuxfwxuh lq txhvwlrq1 Wkhuh lv qr urrp khuh iru ixuwkhu ghwdlov +wkh| duh
lq +Vfkxowh 4<<<e,> vhh dovr +Nhoo| 4<<9/ Fk1<1:,,/ h{fhsw wr qrwh wkdw wkh sduwl0
foh uhdfwlrq sureohp/ wkh Jrrgpdqldq Ulggoh dqg wkh Rffdp sureohp h{klelw
suhflvho| wkh wrsrorj| ri hylghqfh vhtxhqfhv wkdw fkdudfwhul}hv uholdeoh lqtxlu|
zlwk d erxqghg qxpehu ri plqg fkdqjhv1 Xqfryhulqj frpprq vwuxfwxuh dprqj
vhhplqjo| glvsdudwh sureohpv lv rqh ri wkh juhdw vwuhqjwkv ri ohduqlqj wkhru|1

. çL?U*ýtðL?

Olnh dq| jrrg wkhru|/ ohduqlqj wkhru| vhhnv jhqhudolw| dqg devwudfwlrq1 Wklv
grhv qrw phdq wkdw wkh wkhru| devwudfwv dzd| iurp lpsruwdqw ghwdlov1 Rq wkh
frqwudu|/ zkhq zh frph wr dsso| wkh ohduqlqj0wkhruhwlf dqdo|vlv ri lqtxlu| lq
vshflñf grpdlqv/ wkh dqdo|vlv uhtxluhv fduhixo dwwhqwlrq wr wkh ghwdlov ri wkh
hpslulfdo sureohp/ dqg lqghhg riwhq jxlghv xv wrzdugv wkh phwkrgrorjlfdoo|
slyrwdo dvshfwv ri d grpdlq ri lqtxlu|1
Wkh grpdlq ri lqtxlu| xqghu frqvlghudwlrq lq wklv sdshu zdv hohphqwdu|

sduwlfoh g|qdplfv1 Wkh ohduqlqj0wkhruhwlf dqdo|vlv ylqglfdwhv wkh fhqwudo uroh
ri frqvhuydwlrq sulqflsohv lq uhgxflqj wkh lqgxfwlyh frpsoh{lw| ri sduwlfoh g|0
qdplfv1 Zh vdz krz wkh vhdufk iru hpslulfdoo| dghtxdwh frqvhuydwlrq sulqflsohv
fdq uhtxluh wkh lqwurgxfwlrq ri klgghq sduwlfohv1 L dqdo|}hg wkh lpsolfdwlrqv ri
hslvwhplf ydoxhv lq dgglwlrq wr orqj0uxq frqyhujhqfh wr d fruuhfw k|srwkhvlv/
vshflñfdoo| vwdeoh eholhi dqg idvw frqyhujhqfh wr d fruuhfw k|srwkhvlv1 Lw wxuqv
rxw wkdw wkhvh dlpv lpsrvh vwurqj frqvwudlqwv rq hïflhqw lqtxlu| lqwr sduwlfoh
g|qdplfv lq wkh vkruw uxq +qdpho| uxolqj rxw dv pdq| xqrevhuyhg uhdfwlrqv dv
lv srvvleoh zlwk frqvhuydwlrq sulqflsohv,1 Wkhvh frqvwudlqwv duh sodxvleoh dqg
dffrug zlwk vflhqwlñf sudfwlfh1
Wkh wrrov ri ohduqlqj wkhru| duh lq sodfh iru ixuwkhu dssolfdwlrqv1 Dssol0
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fdwlrqv vxfk dv wkh rqh rxwolqhg lq wklv sdshu uhtxluh fduhixo dwwhqwlrq wr wkh
ghwdlov ri d grpdlq ri vflhqwlñf lqtxlu|> li wkh ohduqlqj0wkhruhwlf dssurdfk wr
wkh sklorvrsk| ri vflhqfh lv fruuhfw/ wkh| zloo eh zruwk wkh hòruw1

+iuihi?Uit

Dulv/ U1 +4<9<,/ Hohphqwdu| Fkhplfdo Uhdfwru
Dqdo|vlv1 Suhqwlfh Kdoo= Hqjohzrrg Folòv/
Q1M1

Frrshu/ O1 +4<:3,/ Sk|vlfv= Vwuxfwxuh dqg
Phdqlqj1 Kdqryhu= Xqlyhuvlw| Suhvv ri
Qhz Hqjodqg1

Ih|qpdq/ U1 +4<98> 4<wk hg1 4<<3, Wkh Fkdu0
dfwhu ri Sk|vlfdo Odz1 Fdpeulgjh/ Pdvv1=
PLW Suhvv1

Irug/ N1Z1 +4<96,/ Wkh Zruog ri Hohphqwdu|
Sduwlfohv1 Qhz \run= Eodlvghoo1

Jrogpdq/ D1 +4<;9,/ Hslvwhprorj| dqg Frjql0
wlrq1 Fdpeulgjh/ Pdvv1= Kduydug Xqlyhu0
vlw| Suhvv1

Khpsho/ F1J1 +4<98,/ Dvshfwv ri Vflhqwlñf H{0
sodqdwlrq1 Qhz \run= Iuhh Suhvv1

Nhoo|/ N1 +5333,/ _Wkh Orjlf ri Vxffhvv%/ Wkh
Eulwlvk Mrxuqdo iru wkh Sklorvrsk| ri Vfl0
hqfh1 Iruwkfrplqj1

Nhoo|/ N1 +4<<9,/ Wkh Orjlf ri Uholdeoh Lqtxlu|1
R{irug= R{irug Xqlyhuvlw| Suhvv1

Nhoo|/ N1/ Vfkxowh/ R1 dqg Mxko/ F1 +4<<:,/
_Ohduqlqj Wkhru| dqg wkh Sklorvrsk| ri
Vflhqfh%/ Sklorvrsk| ri Vflhqfh1 97= 578~
59:1

Nxkq/ W1 +4<:3,/ Wkh Vwuxfwxuh ri Vflhqwlñf
Uhyroxwlrqv/ 5qg hglwlrq1 Fklfdjr= Xqlyhu0
vlw| ri Fklfdjr Suhvv1

Qh*hpdq/ \1 dqg Nluvk/ \1 +4<;6,/ Wkh Sduwl0
foh Kxqwhuv1 Fdpeulgjh= Fdpeulgjh Xql0
yhuvlw| Suhvv1

Rpqhv/ U1 +4<:4,/ Lqwurgxfwlrq wr Sduwlfoh
Sk|vlfv1 Orqgrq/ Qhz \run= Zloh| Lqwhu0
vflhqfh1

46



Sxwqdp/ K1 +4<96,/ _cGhjuhh ri Frqñupdwlrq*
dqg Lqgxfwlyh Orjlf%/ lq Wkh Sklorvrsk| ri
Uxgroi Fduqds/ hg1 D1 Vfkloss1 Od Vdooh/ Loo=
Rshq Frxuw1

Sxwqdp/ K1 +4<98,/ _Wuldo dqg Huuru Suhg0
lfdwhv dqg d Vroxwlrq wr d Sureohp ri
Prvwrzvnl%/ Mrxuqdo ri V|perolf Orjlf 63=
7<~8:1

Sxwqdp/ K1 +4<:8,/ _Suredelolw| dqg Frq0
ñupdwlrq%/ lq Pdwkhpdwlfv/ Pdwwhu dqg
Phwkrg/ Sklorvrsklfdo Sdshuv Yro1 4/ Orq0
grq= Fdpeulgjh Xqlyhuvlw| Suhvv1

Vdoprq/ Z1 +4<<4,/ _Kdqv Uhlfkhqedfk*v Ylq0
glfdwlrq ri Lqgxfwlrq%/ Hunhqqwqlv1 68=<<~
4551

Vfkxowh/ R1 _Lqihuulqj Frqvhuydwlrq Odzv lq
Sduwlfoh Sk|vlfv= D Fdvh Vwxg| lq wkh
Sureohp ri Lqgxfwlrq%1 Iruwkfrplqj lq
Wkh Eulwlvk Mrxuqdo iru wkh Sklorvrsk| ri
Vflhqfh1

Vfkxowh/ R1 +4<<<,/ _Phdqv0Hqgv Hslvwhpro0
rj|%/ Wkh Eulwlvk Mrxuqdo iru wkh Sklorvr0
sk| ri Vflhqfh/ 83=4~641

Vfkxowh/ R1 +4<<<,/ _Wkh Orjlf ri Uholdeoh dqg
Hïflhqw Lqtxlu|%/ Wkh Mrxuqdo ri Sklor0
vrsklfdo Orjlf 5;=6<<~76;1

Vnodu/ O1 +4<:8,/ _Phwkrgrorjlfdo Frqvhu0
ydwlvp%/ Sklorvrsklfdo Uhylhz O[[[LY=
6:7~7331

Ydogêhv0Sêhuh}/ U1 dqg Hugpdqq/ P1 +4<<7,/
_V|vwhpdwlf Lqgxfwlrq dqg Sduvlprq|
ri Skhqrphqrorjlfdo Frqvhuydwlrq Odzv%/
Frpsxwhu Sk|vlfv Frppxqlfdwlrqv ;6=
4:4~4;31

Ydogêhv0Sêhuh}/ U1 dqg b]|wnrz/ M1 +4<<9,/ _V|v0
whpdwlf Jhqhudwlrq ri Frqvwlwxhqw Prghov
ri Sduwlfoh Idplolhv%/ Sk|vlfdo Uhylhz H
87=5435~54431

Ydq Iuddvvhq/ E1 +4<;3,/ Wkh Vflhqwlñf Lpdjh1
R{irug= Foduhqgrq Suhvv1

Zlooldpv/ Z1V1F1 +4<<:,/ Qxfohdu dqg Sduwl0
foh Sk|vlfv1 Qhz \run= R{irug Xqlyhuvlw|
Suhvv1
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