
Ghflvlrq/ Frqwudfw dqg Hprwlrq=

Vrph Hfrqrplfv iru d Frpsoh{ dqg Frqixvlqj

Zruog

Z1 Ehqwoh| PdfOhrgW

Ervwrq Froohjh dqg F1U1G1H1/ Xqlyhuvlwì gh Prqwuìdo

Pd| 64/ 4<<9
Wklv yhuvlrq Mxqh 49/ 4<<9

Devwudfw

Wklv hvvd| looxvwudwhv wkdw li Vdydjh*v vpdoo zruog dvvxpswlrq lv uh0

od{hg/ rqh fdq frqvwuxfw d wkhru| ri erxqghg udwlrqdolw| wkdw lqfrusrudwhv

vrph ri wkh lqvljkwv iurp uhfhqw zrun lq frjqlwlyh sv|fkrorj|1 Wkh wkhru|

fdq eh xvhg wr h{sodlq zk| frqwudfwv duh lqfrpsohwh dqg wkh h{lvwhqfh ri

hqgrzphqw h�hfwv lq h{fkdqjh1

MHO Fodvvl�fdwlrq= G3/ M61

Nh|zrugv= erxqghg udwlrqdolw|/ ghflvlrq wkhru|/ frpsoh{lw|

WWklv sdshu zdv suhsduhg iru wkh Kdurog Lqqlv Phpruldo Ohfwxuh/ Fdqdgldq Hfrqrplfv

Dvvrfldwlrq Phhwlqjv/ Vw1 Fdwkhulqhv/ Rqwdulr/ Pd| 64/ 4<<91 L zrxog olnh wr wkdqn Vxvdq

Dwkhq|/ Urelq Erdgzd|/ Mdqhw Fxuulh/ Oruqh Fduplfkhdo/ Urvv Ilqqlh/ Shwhu Jrwwvfkdon/ Hgl

Nduql/ Mlp Pdofrpvrq/ Hulf Pdvnlq/ Yhuqrq Vplwk dqg Mhdq Wluroh iru vwlpxodwlqj glvfxvvlrqv

rq erxqghg udwlrqdolw|1 L dp dovr judwhixo iru wkh frpphqwv iurp vhplqdu sduwlflsdqwv dw wkh

Ervwrq Froohjh Eurzq Edj Vhplqdu/ wkh Kduydug0PLW wkhru| zrunvkrs/ dqg wkh Xqlyhuvlw|

ri Wrxorxvh1 Wkh �qdqfldo vxssruw ri wkh V1V1K1U1F1 ri Fdqdgd iru wklv uhvhdufk lv judwhixoo|

dfnqrzohgjhg1

4



�11wkh qrwlrq ri xwlolw| lv udlvhg deryh wkh vwdwxv ri d wdxwrorj|

e| hfrqrplf wkhrulhv dv pdnh xvh ri lw dqg wkh uhvxowv ri zklfk fdq

eh frpsduhg zlwk h{shulhqfh ru dw ohdvw zlwk frpprq vhqvh1�

Iurp Wkhru| ri Jdphv dqg Hfrqrplf Ehkdylru e| Mrkq Yrq

Qhxpdq dqg Rvndu Prujhqvwhuq1

4 Lqwurgxfwlrq

Rqh ri Dgdp Vplwk*v lpsruwdqw lqvljkwv lv wkdw wkh pdunhw hfrqrp| lv d v|vwhp

wkdw frruglqdwhv dfwlylwlhv dprqj d odujh qxpehu ri vhoi0lqwhuhvwhg lqglylgxdov1

Vlqfh wkh sxeolfdwlrq ri wkh Zhdowk ri Qdwlrqv wklv yhuvlrq ri krpr hfrqrpxv

kdv ehhq juhdwo| uh�qhg wr lqfoxgh wkh idfw wkdw lqglylgxdov pdnh ghflvlrqv

edvhg rq prghov ri wkh zd| wkdw rwkhu phpehuv ri krpr hfrqrpxv uhvsrqvh

wr hfrqrplf hyhqwv +vhh iru h{dpsoh Oxfdv +4<:9,*v idprxv fulwltxh ri sxeolf

srolf|,1 \hw dv wkh prgho ri udwlrqdo fkrlfh lv ixuwkhu uh�qhg lw lv dovr lqfuhdv0

lqjo| uhmhfwhg e| wkh gdwd/ erwk lq oderudwru| h{shulphqwv +Ndjho dqg Urwk/

hgv +4<<8,, dqg zlwk hfrqrplf gdwd +Ghdwrq +4<<5,,1 Wklv vxjjhvwv d qhhg wr

wdnh xs djdlq wkh surjudp rq erxqghg udwlrqdolw| ehjxq e| Vlprq +4<;5,1 Wkh

sxusrvh ri wklv hvvd| lv wr looxvwudwh rqh zd| wkdw wkh hfrqrplvw*v prgho ri ud0

wlrqdo fkrlfh fdq eh prgl�hg wr lqfrusrudwh vrph ri wkh h{flwlqj dgydqfhv wkdw

kdyh rffxuuhg lq rxu xqghuvwdqglqj ri wkh kxpdq plqg4 / dqg wr dsso| wklv qhz

prgho wr sureohpv ri frqwudfw irupdwlrq dqg edujdlqlqj1

Wkh vwdqgdug prgho ri udwlrqdo fkrlfh ehjlqv zlwk wkh h{shfwhg xwlolw| prgho

ri Yrq Qhxpdq dqg Prujhqvwhuq +4<77, dqg Vdydjh +4<:5,1 Wkh frqyhqwlrqdo

dssurdfk wr uhvroylqj revhuyhg ylrodwlrqv ri h{shfwhg xwlolw| pd{lpl}dwlrq lv

wr h{soruh prgl�fdwlrqv ri Vdydjh*v d{lrpv/ hvshfldoo| wkh vxuh0wklqj sulqflsoh

+vhh Fdphuhu +4<<8,,1 Wkh wkhph ri wklv hvvd| lv wkdw wkh irfxv ri rxu dwwhqwlrq

vkrxog eh rq zkdw Vdydjh fdoov wkh �vpdoo zruog dvvxpswlrq�1 Wklv dvvxps0

wlrq vxssrvhv wkdw wkh ghflvlrq pdnhu xqghuvwdqgv doo wkh frqvhtxhqfhv ri khu

dfwlrqv/ dqg lv deoh wr dvvljq d suredelolw| wr hdfk vwdwh ri qdwxuh1 Gursslqj

wklv dvvxpswlrq rshqv wkh grru wr d qhz vhw ri srwhqwldoo| whvwdeoh hfrqrplf

prghov1

Wkh lpsruwdqfh ri wkh vpdoo zruog dvvxpswlrq kdv uhfhqwo| ehhq kljkoljkwhg

lq wkh zrun ri Wluroh +4<<7, dqg Pdvnlq dqg Wluroh +4<<8,51 Wkh| kljkoljkw

wkh whqvlrq wkdw h{lvwv ehwzhhq wkh prgho ri krpr hfrqrpxv lq Vdydjh dqg wkh

4Vhh Nrvvo|q dqg Nrhqlj +4<<8, iru dq h{fhoohqw uhylhz ri uhfhqw dgydqfhv lq frjqlwlyh

qhxurvflhqfhv1
5Dq hvvd| ri wklv euhdgwk pxvw qhfhvvdulo| eh vhohfwlyh/ dqg vr L gr qrw glvfxvv vrph

lqwhuhvwlqj zrun rq lqfrpsohwh frqwudfwv wkdw dffhswv wkh vpdoo zruog dvvxpswlrq/ lqfoxglqj

Ehuqkhlp dqg Zklqvwrq +4<<8, dqg Vhjdo +4<<8,1 Vhh Dqghuolql dqg Ihool +4<<7, iru dq

dssurdfk wkdw h{soruhv wkh frqvhtxhqfh ri dvvxplqj wkh frqwudfw lv frpsxwdeoh1 Lpsruwdqw

zrun rq erxqghg udwlrqdolw| wkdw L gr qrw glvfxvv khuh lqfoxghv Rveruqh dqg Uxelqvwhlq +4<<7,

dqg Ndodl dqg Vwdqirug +4<;;, zlwk dssolfdwlrqv wr jdph wkhru|/ dqg Jloerd dqg Vfkphlgohu

+4<<8, zlwk dq dssolfdwlrq ri fdvh0edvhg ghflvlrq pdnlqj1 Vdujhqw +4<<6, uhylhzv prghov ri

erxqghg udwlrqdolw| wkdw kdyh ehhq dssolhg wr pdfur hfrqrplfv1
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dvvxpswlrqv xqghuo|lqj wkh uhfhqw zrun rq lqfrpsohwh frqwudfwv wkdw ehjdq zlwk
Jurvvpdq dqg Kduw +4<;9, +vhh Kduw +4<<8, iru d uhylhz ri wklv olwhudwxuh,1 Wklv
lv d vhulrxv fulwlflvp jlyhq wkdw wklv olwhudwxuh kdv surylghg qhz dqg lpsruwdqw
lqvljkwv lqwr wkh wkhru| ri wkh �up1 Lq vhfwlrq 6 L vkrz/ xvlqj d prgl�fdwlrq
ri wkh pxowl0wdvnlqj prgho ri Kropvwuùp dqg Plojurp +4<<4,/ wkdw frqwudfwlqj
ryhu jrrgv dqg vhuylfhv zlwk pxowl0glphqvlrqdo dwwulexwhv lv lpsrvvleoh gxh wr
wkh lqkhuhqw hqylurqphqwdo frpsoh{lw|1 Wkh h{shfwhg ydoxh ri wkh uhodwlrqvkls
fdqqrw eh frpsxwhg/ dqg g|qdplf surjudpplqj/ dv uhtxluhg e| Pdvnlq dqg
Wluroh +4<<8,/ fdqqrw eh fduulhg rxw1 Khqfh erxqghg udwlrqdolw| dulvlqj iurp
hqylurqphqwdo frpsoh{lw| pd| surylgh d edvlv iru prghov wkdw ehjlq zlwk wkh
k|srwkhvlv wkdw frpsohwh frqwudfwv duh lpsrvvleoh1 L dovr looxvwudwh wkdw wklv
dssurdfk fdq eh xvhg wr surylgh vrph whvwdeoh lpsolfdwlrqv iru wkh irup ri
frpshqvdwlrq frqwudfwv1

Lq wkh codujh zruog* frqvlghuhg lq wklv sdshu lw lv qrw srvvleoh iru lqglylgxdov
wr eh frpsohwho| udwlrqdo lq wkh vhqvh wkdw wkh| duh deoh wr wklqn derxw doo wkh
hyhqwv wkdw duh uhohydqw wr d ghflvlrq1 Wkh txhvwlrq wkhq lv krz gr vhqvleoh shr0
soh pdnh ghflvlrqvB Vhfwlrq 7 lqwurgxfhv d prgho ri fkrlfh edvhg rq wkh uhfhqw
zrun ri Gdpdvlr +4<<8,1 Kh uhylhzv d vhw ri fdvhv vwxglhv edvhg rq lqglylgxdov
zlwk gdpdjh wr wkh iurqwdo oreh ri wkh eudlq/ dqg frqfoxghv wkdw hprwlrqv duh
dq hvvhqwldo sduw ri jrrg ghflvlrq pdnlqj1 L irupdol}h wklv lghd xvlqj d prgho
ri khxulvwlf fkrlfh wdnhq iurp wkh olwhudwxuh rq duwl�fldo lqwhooljhqfh +vhh Qlov0
vrq +4<;3, dqg Shduo +4<;7,,1 Wkh uhvxow lv d prgho ri ghflvlrq pdnlqj wkdw
lv d frpsurplvh ehwzhhq vhdufk +udwlrqdo wkrxjkw, dqg lqwxlwlyh +ru hprwlrqdo,
mxgjhphqw1 Wkh sdshu �qlvkhv zlwk dq dssolfdwlrq ri wklv hprwlrqdo ghflvlrq
pdnlqj dssurdfk wr wkh sureohp ri edujdlqlqj dqg surshuw| uljkwv edvhg rq
Fduplfkdho dqg PdfOhrg +4<<9,1 Zh vkrz wkdw idluqhvv/ hqgrzphqw h�hfwv/
dqg lqwudqvlwlyh suhihuhqfhv duh qdwxudo rxwfrphv ri dq hyroxwlrqdu| prgho lq
zklfk wkh fkrlfh ehwzhhq wkrxjkw dqg hprwlrqdo frpplwphqwv lv hqgrjhqrxv1

5 Fkrlfh Wkhru|

514 Wkh Prgho ri H{shfwhg Xwlolw| +Yrq Qhxpdq dqg

Prujhqvwhuq +4<77,/ Vdydjh +4<:5,,

Wkh edvlf srvwxodwhv ri Vdydjh*v wkhru| ri h{shfwhg xwlolw| duh irxqg lqvlgh wkh
iurqw fryhu ri klv errn �Wkh Irxqgdwlrqv ri Vwdwlvwlfv�1 Frqvlghu wkh iroorzlqj
vxppdu| ri wkh edvh prgho=

41 Wkhuh duh d �qlwh qxpehu ri vwdwhv ri wkh zruog/ V> zlwk vxevhwv D>E>F===
ghvfulelqj srvvleoh hyhqwv61

51 D vhw ri frqvhtxhqfhv/ I> zlwk hohphqwv i> j> k=== 1

6Wkh dvvxpswlrq ri d �qlwh qxpehu ri hohphqwv lv dfwxdoo| qrw frqvlvwhqw zlwk srvwxodwh

S9 ri Vdydjh*v prgho/ zklfk lv qhhghg wr hqvxuh wkdw wkh vxemhfwlyh suredelolw| phdvxuh lv

xqltxh1 Krzhyhu/ khuh L dp frqfhuqhg zlwk wkh zhdnhu surshuw| ri h{lvwhqfh ri d phdvxuh

wkdw lq sulqflsoh lv pruh hdvlo| vdwlv�hg zlwk d �qlwh vwdwh vsdfh1
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61 Dfwv/G @iimi = V $ Ij > frqvlvwlqj ri duelwudu| ixqfwlrqv iurp wkh vwdwhv

ri qdwxuh wr frqvhtxhqfhv1

71 Frpsohwh/ wudqvlwlyh suhihuhqfhv � ryhu G=

Wkh qrwlrq ri d vwdwh lq 4 lv yhu| jhqhudo1 Lw lqfoxghv/ iru h{dpsoh/ wkh

vhw ri qdwxudo hyhqwv wkdw pd| rffxu dw dq| gdwh lq wkh ixwxuh/ dqg khqfh wkh

prgho lv ulfk hqrxjk wr ghdo zlwk g|qdplf ghflvlrq surfhvvhv1 E| dvvxplqj wkdw

wlph lv glvfuhwh dqg krul}rqv duh �qlwh/ zh pd| vxssrvh wkdw wkh vhw ri vwdwhv lv

�qlwh1 Wkh vhw ri frqvhtxhqfhv duh wkh wklqjv wkdw lqglylgxdov fduh derxw vxfk

dv prqh| ru jrrgv frqvxphg1 Iru h{dpsoh lw pljkw eh wkh forwkhv rqh zhduv

hdfk gd|1

Lwhp 6 lv wkh vhw ri dfwv= ixqfwlrqv iurp wkh vhw ri vwdwhv wr frqvhtxhqfhv1

Lqglylgxdov duh dvvxphg wr pdnh fkrlfhv iurp wkh vhw ri dfwv1 Iru h{dpsoh lq

wkh fdvh ri forwklqj dq dfw pljkw eh wkh ixqfwlrq ghvfulelqj wkh forwkhv wr zhdu

dw hdfk gdwh dv d ixqfwlrq ri wkh zhdwkhu lq wkh pruqlqj1 Lq fkrrvlqj dq dfw

dq lqglylgxdo lv vhohfwlqj d sodq iru ixwxuh frqvxpswlrq dv d ixqfwlrq ri hyhqwv1

Lw lv lq wklv zd| wkdw Vdydjh*v prgho h{solflwo| dvvxphv iruhvljkw rq wkh sduw ri

djhqwv1 Suhihuhqfhv duh wkhq gh�qhg ryhu wkh vhw ri dfwv1

Vdydjh rxwolqhv d vhw ri srvwxodwhv iru suhihuhqfhv wkdw lpso| wkdw lqglylgxdov

irup eholhiv rq wkh olnholkrrg ri hdfk vwdwh dqg dvvljq d ydoxh ru xwlolw| wr

hdfk frqvhtxhqfh1 Suhihuhqfhv ryhu dfwv duh wkhq ghulyhg iurp wkh h{shfwhg

xwlolw| wkdw lv frpsxwhg iru hdfk dfw1 Li d ghflvlrq wrgd| kdv dq lpsolfdwlrq

iru frqvhtxhqfhv wrpruurz/ wkhq wkh djhqw pxvw wdnh wkhvh lpsolfdwlrqv lqwr

dffrxqw zkhq frpsxwlqj khu h{shfwhg xwlolw|1

Wklv prgho lv wkh edvlv iru pxfk ri prghuq hfrqrplfv71 Wkrxjk pdq|

prgl�fdwlrqv ri wkh prgho kdyh ehhq vwxglhg lq uhfhqw |hduv/ rqh dvvxpswlrq

wkdw lv uduho| txhvwlrqhg lq hfrqrplfv lv wkh delolw| ri djhqwv wr wklqn derxw doo

wkh gl�huhqw srvvleoh dfwv81 Ohwwlqj q ghqrwh wkh qxpehu ri vwdwhv dqg p wkh

qxpehu ri frqvhtxhqfhv/ wkhq wkh qxpehu ri srvvleoh dfwv lv pq
= Dv wkh wdeohv

odwhu lq wkh hvvd| looxvwudwh/ h{srqhqwldo ixqfwlrqv ri wklv irup jurz vr txlfno|

wkdw iru hyhq prghudwho| vl}hg sureohpv wklqnlqj derxw doo wkh gl�huhqw dfwv

zrxog wdnh fhqwxulhv1

Vdydjh zdv zhoo dzduh ri wklv olplwdwlrq ri wkh prgho/ dqg uhodwhg lw wr wkh

�Orrn ehiruh |rx ohds sulqflsoh�1 Kh vwdwhv wkdw=

�111wkh orrn ehiruh |rx ohds sulqflsoh lv suhsrvwhurxv li fduulhg wr

h{wuhphv1�9

Lq sduwlfxodu klv remhfwlyh zdv wkh frqvwuxfwlrq ri d wkhru| iru �vpdoo zruog0

v�/ wkdw lv vlwxdwlrqv iru zklfk wkh vwdwh vsdfh lv uhodwlyho| vpdoo1 Vhfwlrq 818 ri

Wkh Irxqgdwlrqv ri Vwdwlvwlfv rxwolqhv vrph vx!flhqw frqglwlrqv xqghu zklfk

wkh vpdoo zruog dqdo|vlv lv frqvlvwhqw lq wkh �odujh zruog� ri gd| wr gd| olih1

7Vhh Hsvwhlq +4<<5, iru d uhfhqw uhylhz ri ehkdylru xqghu ulvn1
8Dq h{fhswlrq lv Elqpruh +4<<6, zkr dovr srlqwv rxw wkdw wkh cvpdoo zruog* dvvxpswlrq lv

riwhq wrr vwurqj1
9Sdjh 49/ Vdydjh +4<:5,1
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Wkh fuxfldo lqjuhglhqw lv wkdw wkh ghflvlrq pdnhu lv deoh wr frqvwuxfw zkdw Vdy0

djh fdoov d plfurfrvp lq zklfk hdfk vwdwh fruuhvsrqgv wr d odujh zruog hyhqw1

Lq vhfwlrq 818 kh looxvwudwhv krz klv srvwxodwhv pd| eh prgl�hg wr hqvxuh wkdw

ghflvlrq pdnlqj lq wkh plfurfrvp lv frqvlvwhqw zlwk udwlrqdo fkrlfh lq wkh odujh

zruog1

Rqh ri wkh edvlf uhtxluhphqwv lv wkdw wkh vhw ri vwdwhv lq wkh plfurfrvp

irup d sduwlwlrq ri wkh odujh zruog vwdwh vsdfh: 1 Jlyhq wkh vl}h ri wkh odujh

zruog/ wklv lv d frqglwlrq wkdw L vkdoo dujxh lv xqolnho| wr eh vdwlv�hg lq pdq|

hfrqrplf grpdlqv1 Lq rwkhu zrugv wkhuh h{lvw vwdwhv ru hyhqwv wkdw pd| rffxu

zlwk srvlwlyh suredelolw|/ wkdw duh uhohydqw wr wkh ghflvlrq dw kdqg/ exw |hw wkh

ghflvlrq pdnhu kdv qrw frqvwuxfwhg d sodq ri dfwlrq iru wklv vwdwh ru hyhqw1 L

vxjjhvw wkdw wklv lv d frpprq rffxuuhqfh lq gd| wr gd| ghflvlrq pdnlqj wkdw

ohdgv wr vrph lqwhuhvwlqj lpsolfdwlrqv1

Lw lv lqvwuxfwlyh wr uhfdoo Vdydjh*v glvfxvvlrq ri wkh Doodlv sdudgr{1 Lqglylg0

xdov duh dvnhg wr fkrrvh ehwzhhq wkh orwwhulhv jlyhq lq Wdeoh 4;=

Vlwxdwlrq 4=
Fkrrvh ehwzhhq=

Jdpeoh 41 '833/333 zlwk suredelolw| 4>

Jdpeoh 51 '5/833/333 zlwk suredelolw| 314/

'833/333 zlwk suredelolw| 31;</

vwdwxv txr zlwk suredelolw| 3134

Vlwxdwlrq 5=
Fkrrvh ehwzhhq=

Jdpeoh 61 '833/333 zlwk suredelolw| 144/

vwdwxv txr zlwk suredelolw| 31;<>

Jdpeoh 71 '5/833/333 zlwk suredelolw| 314/

vwdwxv txr zlwk suredelolw| 31<1

Wdeoh 4= Fkrlfhv iru wkh Doodlv Sdudgr{

Zkhq �uvw idfhg zlwk wkhvh fkrlfhv Vdydjh fkrvh jdpeoh 4 ryhu jdpeoh 5 lq

vlwxdwlrq 4/ dqg jdpeoh 7 ryhu jdpeoh 6 lq vlwxdwlrq 51 Krzhyhu wkhvh fkrlfhv

duh qrw frqvlvwhqw zlwk h{shfwhg xwlolw| pd{lpl}dwlrq ru pruh suhflvho| wkh vxuh0

wklqj sulqflsoh ehfdxvh vlwxdwlrq 4 lv wudqviruphg lqwr vlwxdwlrq 5 e| vxevwlwxwlqj

wkh sul}h ri '833/333 zlwk suredelolw| 1;< zlwk wkh vwdwxv txr rxwfrph iru hdfk

jdpeoh1 Jlyhq vlplodu oderudwru| h{shulphqwv/ d juhdw ghdo ri uhvhdufk kdv

vwxglhg zd|v wr uhod{ wkh d{lrpv ri h{shfwhg xwlolw| vr wkdw revhuyhg ehkdylru

lv frqvlvwhqw zlwk xwlolw| pd{lpl}dwlrq<1

Zkdw lv lqwhuhvwlqj lv Vdydjh*v uhvsrqvh xsrq uhdol}lqj wkdw klv fkrlfhv glg

qrw vdwlvi| wkh vxuh0wklqj sulqflsoh= kh fkdqjhg klv fkrlfhv dqg ghflghg xsrq

jdpeoh 6 lq vlwxdwlrq 51 D f|qlf pljkw vxjjhvw wkdw kh zdv rqo| wu|lqj wr surwhfw

klv wkhru|1 Dq dowhuqdwlyh ylhz lv wkdw hyhq wkhvh dssduhqwo| vlpsoh fkrlfhv

: Lelg/ sdjh ;81
; Lelg/ vhfwlrq 8191
<Vhh Fdphuhu +4<<8, iru d qlfh uhylhz ri wkh h{shulphqwdo olwhudwxuh rq fkrlfh1 Pdfklqd

+4<;:, dqg Hsvwhlq +4<<5, uhylhz wkh olwhudwxuh rq qrq0h{shfwhg xwlolw| wkhru|1
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lqyroyh vxewohwlhv wkdw pd| ohdg hyhq d juhdw vwdwlvwlfldq olnh Vdydjh dvwud|1

Lq rwkhu zrugv/ erxqghg udwlrqdolw| lv olnho| wr eh xeltxlwrxv/ dqg uhvsrqvhv wr

dssduhqwo| vlpsoh fkrlfhv lq wkh oderudwru| gr qrw qhfhvvdulo| uh hfw xqghuo|lqj

suhihuhqfhv1 Wkh qh{w vhfwlrq frqvlghuv vrph hylghqfh rq krz lqglylgxdov wklqn

derxw sureohpv/ dqg zk| wkh| pdnh plvwdnhv1

515 Kdug vlpsoh sureohpv

Dq lvvxh wkdw kdv dwwudfwhg d juhdw ghdo ri dwwhqwlrq lv zkhwkhu orjlf ru uhd0

vrq lv lqqdwh wr wkh wkrxjkw surfhvv1 Mrkqvrq0Odlug +4<;6, suhvhqwv uhvxowv ri

oderudwru| h{shulphqwv lq zklfk lqglylgxdov duh dvnhg wr vwdwh doo wkh orjlfdo lp0

solfdwlrqv ri d v|oorjlvp1 Erxqghg udwlrqdolw| zrxog lpso| wkdw wkh| pd| qrw

�qg doo ri wkh wuxh lpsolfdwlrqv/ krzhyhu li wkh| duh qdwxudo ghgxfwlyh uhdvrqhuv

wkhq doo wkh frqfoxvlrqv wkh| duulyh dw zrxog eh fruuhfw1 Iru h{dpsoh frqvlghu

wkh iroorzlqj v|oorjlvp=

� Qrqh ri wkh dxwkruv duh exujoduv1

� Vrph ri wkh fkhiv duh exujoduv1

Srvvleoh frqfoxvlrqv duh=

� Qrqh ri wkh dxwkruv duh fkhiv1

� Qrqh ri wkh fkhiv duh dxwkruv1

Lq d oderudwru| h{shulphqw 9 rxw ri 53 vxemhfwv uhsruwhg rqh ri wkhvh wzr

lqfruuhfw frqfoxvlrqv1 Vhyhq ri wkh wzhqw| vxemhfwv duulyhg dw wkh rqo| fruuhfw

lpsolfdwlrq=

� Vrph ri wkh fkhiv duh qrw dxwkruv1

Iurp wklv dqg rwkhu hylghqfh Mrkqvrq0Odlug frqfoxghv wkdw orjlfdo uhdvrqlqj

lv qrw dq lqqdwh delolw|1 Kh sursrvhv d wkhru| edvhg rq wkh lghd wkdw lqglylgxdov

xvh phqwdo prghov wr wklqn derxw wkh zruog1 Lq wkh fdvh ri v|oorjlvpv rqh fdq

wklqn lq whupv ri Yhqq gldjudpv/ dv lv looxvwudwhg lq Iljxuh 41 Mrkqvrq0Odlug

vxjjhvwv wkdw rqh ri wkh uhdvrqv lqglylgxdov pdnh plvwdnhv lv wkdw wkh| frqvlghu

rqo| rqh ru wzr ri wkh srvvleoh prghov1 Lq sduwlfxodu wkh �uvw Yhqq gldjudp

looxvwudwhg lv frqvlvwhqw zlwk wkh lqfruuhfw frqfoxvlrqv gudzq deryh1

Wr whvw wklv lghd Mrkqvrq0Odlug vwxglhv wkh olnholkrrg ri dq huuru dv d ixqfwlrq

ri wkh qxpehu ri srvvleoh wuxh prghov frqvlvwhqw zlwk d jlyhq v|oorjlvp1 Wkh

uhvxowv iru rqh ri wkhvh h{shulphqwv duh looxvwudwhg lq Wdeoh 51 Revhuyh wkdw wkh

huuru udwh lqfuhdvhv zlwk wkh frpsoh{lw| ri sureohp dv phdvxuhg e| wkh qxpehu

ri prghov qhhghg wr uhsuhvhqw wkh v|oorjlvp1

Wklv vxjjhvwv wkdw hyhq lq uhodwlyho| vlpsoh sureohpv lqglylgxdov frpplw

pdq| huuruv1 Ixuwkhupruh/ wkh huuru udwh lqfuhdvhv zlwk wkh frpsoh{lw| ri wkh

phqwdo uhsuhvhqwdwlrq ri wkh sureohp1 Zkhq wklqnlqj derxw d v|oorjlvp wkh

lqglylgxdov pxvw frqvlghu wkh frqvlvwhqf| ri d qxpehu ri gl�huhqw prghov1 Zkdw
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Iljxuh 4= Srvvleoh Prghov iru V|oorjlvp= D @ dxwkru/ E @ exujohu/ F @ fkhi

Suhplvhv uhtxlulqj Suhplvhv uhtxlulqj Suhplvhv uhtxlulqj
rqh prgho wzr prghov wkuhh prghov

H{shulphqw 4 <5( 79( 5:(
H{shulphqw 5 ;3( 53( <(
H{shulphqw 6 95( 53( 6(

Wdnhq iurp Mrkqvrq0Odlug +4<;6,/ sdjh 44:1

Wdeoh 5= Shufhqwdjhv ri Fruuhfw Uhdvrqlqj lq H{shulphqwv rq V|oorjlvwlf Uhd0
vrqlqj

lv kdsshqlqj lv wkdw lqglylgxdov duh vhdufklqj ryhu wkh vhw ri srvvlelolwlhv1 Wkrvh
zkr duh pdnlqj huuruv kdyh qrw frpsohwhg d fduhixo vhdufk ryhu doo srvvleoh
prghov1 Pruh jhqhudoo|/ dv Qhzhoo +4<<3, vwdwhv=

�Vhdufk lv ixqgdphqwdo iru lqwhooljhqw ehkdylru1 Lw lv qrw mxvw dqrwkhu
phwkrg ru frjqlwlyh phfkdqlvp/ exw d ixqgdphqwdo surfhvv1�

Ylhzlqj wkh wkrxjkw surfhvv dv vhdufk surylghv d qdwxudo zd| wr wklqn derxw
erxqghg udwlrqdolw|1 Li wkh vsdfh ri srvvlelolwlhv lv vx!flhqwo| odujh +dv L vkdoo
dujxh lv wkh qrup, wkhq vhdufk lv lqfrpsohwh/ dqg khqfh lqglylgxdov pd| qrw
kdyh glvfryhuhg wkh fruuhfw dqvzhu ru wkh ehvw ghflvlrq1 Wkh prgho ri erxqghg
udwlrqdolw| L frqvlghu lv rqh wkdw ehjlqv zlwk d ghvfulswlrq ri wkh srwhqwldo vwdwh
vsdfh/ sursrvhv d phwkrg iru vhdufklqj ryhu wklv vwdwh vsdfh/ dqg hqgv zlwk
vrph uxohv iru ghflvlrq pdnlqj1

:



Zkdw wkh uhvxowv ri Mrkqvrq0Odlug vxjjhvw lv wkdw hyhq li zh gr qrw frp0

sohwho| xqghuvwdqg wkh ghflvlrq surfhvv/ zh fdq pdnh whvwdeoh suhglfwlrqv derxw

ehkdylru1 Lq klv prgho zh h{shfw wkh huuru udwh wr lqfuhdvh dv wkh frpsoh{lw| ri

wkh hqylurqphqw lqfuhdvhv1 L vkdoo dujxh wkdw hyhq dssduhqwo| vlpsoh ghflvlrqv

lqyroyh d ohyho ri frpsoh{lw| wkdw pdnhv h{kdxvwlyh vhdufk lpsrvvleoh/ dqg khqfh

udwlrqdo ghflvlrq pdnlqj lv qrw edvhg rq d frpsohwh udqnlqj ri doo dowhuqdwlyhv1

Wr vhh wklv frqvlghu wkh iroorzlqj frpprq ghflvlrq sureohp= Zkdw vkrxog

rqh zhduB Vxssrvh wkdw zh duh udwlrqdo lq wkh vhqvh ri Vdydjh1 Wkdw lpsolhv wkdw

zh ehjlq zlwk doo wkh dowhuqdwlyhv dqg udqn wkhp dffruglqj wr rxu suhihuhqfhv1

Vxssrvh wkdw 425 ri d vhfrqg lv xvhg wr dvvljq d xwlolw| wr hdfk fkrlfh1 Wkh

wlph qhhghg wr wklqn derxw doo wkh srvvleoh frpelqdwlrqv lv suhvhqwhg lq Wdeoh

6 iru gl�huhqw srvvleoh zdugurehv1 Lq wkh �uvw fdvh d frpsohwho| udwlrqdo fkrlfh

zrxog wdnh dw ohdvw 73 krxuv$ Revhuyh wkdw wklv sureohp fdq eh juhdwo| vlpsol�hg

e| wkh xvh ri frpelqdwlrqv/ vxfk dv vxlwv ru frpsohwh rxw�wv +d surfhvv fdoohg

fkxqnlqj,1

Lwhp Wrwdo Qxpehu Fkrlfh zlwk vxlwv Ixoo Rxw�wv

Vkluw 43 43 53

Sdqwv 43 43 4

Mdfnhw 43 4 4

Wlh 43 43 4

Vrfnv 9 9 4

Vkrhv 7 7 4

Qr1 ri Ghflvlrqv 573/333 57/333 53

Wlph qhhghg 73 krxuv 7 krxuv 45 vhfrqgv

Wdeoh 6= Guhvvlqj

Wklv guhvvlqj dojrulwkp lqyroylqj vhdufk ryhu doo dowhuqdwlyhv lv qrw zkdw

zh gr lq sudfwlfh/ |hw wklv lv zkdw hfrqrplvwv gr lq wkhru|1 Lq d yhu| vlpsoh

hqylurqphqw euxwh irufh vhdufk ri wklv w|sh lv olnho| wr eh h�hfwlyh/ |hw iru pdq|

vlwxdwlrqv vxfk dq dssurdfk lv qrw sudfwlfdo1 Lq wkh qh{w vhfwlrq L glvfxvv wkh

lpsolfdwlrqv ri hqylurqphqwdo frpsoh{lw| iru frqwudfw irupdwlrq1

6 Erxqghg Udwlrqdolw| dqg wkh Wkhru| ri Frq0

wudfw

Wkh lghd wkdw lw lv qrw srvvleoh wr vhdufk ryhu doo srvvleoh fkrlfhv fdq eh xvhg

wr h{sodlq zk| frqwudfwv duh lqfrpsohwh1 Frqvlghu d prgho ri wkh hpsor|phqw

uhodwlrqvkls ehwzhhq d zrunhu dqg d �up wkdw frpelqhv wkh pxowl0wdvnlqj prgho

ri Kropvwuùp dqg Plojurp +4<<4, zlwk wkh uhshdwhg djhqf| prgho ri PdfOhrg

dqg Pdofrpvrq +4<;<,1 Hdfk shulrg wkh iroorzlqj vhtxhqfh ri pryhv lv fduulhg

rxw=

;



41 Wkh sulqflsdo dqg djhqw djuhh rq frpshqvdwlrq dqg h{shfwdwlrqv iru shu0
irupdqfh +zklfk pd| lqfoxgh wkh frqwlqxdwlrq ri d suhylrxv djuhhphqw,1

51 Wkh vwdwh ri wkh zruog $w 5 
 lv uhyhdohg1

61 Wkh djhqw glylghv d wlph hqgrzphqw ri \ dprqj n gl�huhqw wdvnv= |w 5
?
N =

71 Wkh sulqflsdo sd|v wkh djhqw Zw1

81 Erwk sulqflsdo dqg djhqw ghflgh zkhwkhu wr frqwlqxh wkh uhodwlrqvkls ru
qrw1

Wkh gdwh lv ghqrwhg e| wkh vxevfulsw w/ dqg N lv wkh qxpehu ri srvvleoh
wdvnv1 Wkh wzlvw xsrq wkh suhylrxv olwhudwxuh frqfhuqv wkh lqwhusuhwdwlrq ri wkh
vwdwh ri qdwxuh1 Vxssrvh wkdw erwk wkh frvw dqg ehqh�w ri gl�huhqw dfwlrqv duh
xqnqrzq h{ dqwh> iru h{dpsoh d �uhpdq pd| qrw nqrz zklfk krxvh zloo fdwfk
�uh> krz gl!fxow lw zloo eh wr sxw rxw wkh �uh> qru lv kh deoh wr dqwlflsdwh wkh
vhw ri dfwlrqv wkdw zloo qhhg wr eh fduulhg rxw xsrq hqwhulqj wkh exuqlqj krxvh1
Ohw xv ehjlq e| gh�qlqj d vwdwh vsdfh wkdw lqfrusrudwhv xqfhuwdlq frvwv dqg
ehqh�wv iru hdfk ri wkh srvvleoh wdvnv=
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�4> ===> �p

�
uhsuhvhqwv rqh ri wkhp frvw ohyhov iru wdvn n= Wkh wrwdo ehqh�w

iurp dq h�ruw fkrlfh |w lv gh�qhg e| kW|w +erogidfh uhsuhvhqwv d yhfwru,/ zkloh
wkh wrwdo frvw wr wkh zrunhu ri surgxflqj wklv h�ruw lv

F +|w>q, �

N[

l@4

�
�l|

5

lw � � +|lw, i
�
= +5,

Wkh ixqfwlrq � +|lw, lv 4 li |lw lv srvlwlyh dqg }hur rwkhuzlvh1
Wkh ehqh�wv dqg frvwv kdyh ehhq prghoohg dv ixqfwlrqv/ krzhyhu lw lv h{solf0

lwo| dvvxphg wkdw d phdvxuhphqw v|vwhp grhv qrw h{lvw1 Frqvlghu d vhfuhwdu|
zkr fduulhv rxw d ydulhw| ri wdvnv/ lqfoxglqj w|slqj/ dqvzhulqj wkh skrqh/ �olqj/
pdnlqj wudyho uhvhuydwlrqv hwf1 Wkh frvwv dqg ehqh�wv iru wkhvh gl�huhqw dfwlyl0
wlhv ydu| zlwk wkh gd| wr gd| ghpdqgv ri wkh r!fh1 Iru h{dpsoh/ vhyhudo shrsoh
lq wkh r!fh pd| qhhg wr jr wr wkh vdph frqihuhqfh/ udlvlqj wkh surgxfwlylw| ri
doorfdwlqj wlph wr wudyho sodqv/ dqg uhvxowlqj lq d fxwedfn lq w|slqj wkurxjksxw1
Rq wkh frvw vlgh/ li wkh frqihuhqfh lv gxulqj d exv| shulrg +iru h{dpsoh froohjh
frqyrfdwlrq,/ wkhq rqh pd| kdyh wr fdoo vhyhudo krwhov wr �qg dffrpprgdwlrq1
Qrw rqo| gr wkhvh frvwv dqg ehqh�wv ydu| lq dq lqghshqghqw zd| iurp gd| wr
gd|/ lw lv qrw fohdu +wr ph dw ohdvw, krz rqh zrxog frqvwuxfw d phdvxuhphqw
v|vwhp wr gluhfwo| frpsduh wkh frvwv dqg ehqh�wv ri wkh gl�huhqw dfwlrqv1

Wklv grhv qrw lpso| wkdw phdvxuhphqw v|vwhpv qhyhu h{lvw1 Lq pdq| mrev/
sduwlfxoduo| vdohv/ frpshqvdwlrq lv edvhg rq d frpplvvlrq1 Lq wklv fdvh wkh
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ohyho ri vdohv dffxudwho| djjuhjdwhv wkh h�ruwv ri dq lqglylgxdo1 Lq wkh fxuuhqw
h{dpsoh/ dowkrxjk L dvvxph wkdw d phdvxuhphqw v|vwhp djjuhjdwlqj wkh frvwv
dqg ehqh�wv grhv qrw wr h{lvw/ L gr dvvxph wkdw lq sulqflsoh djhqwv duh deoh wr
zulwh h{solflw frqwudfwv1 Vxfk d frqwudfw shuplwv wkh zrunhu dqg wkh �up wr
djuhh xsrq dfwlrqv dqg sd|phqwv dv d ixqfwlrq ri wkh gl�huhqw vwdwhv1 Wkh odfn
ri d phdvxuhphqw v|vwhp lpsolhv wkdw hdfk vwdwh pxvw eh ghvfulehg h{solflwo| lq
wkh frqwudfw43 1 Wklv lv frpprq lq pdq| frqwudfwv1 Iru h{dpsoh wkh frqwudfw iru
d vlqjhu dw d frqfhuw pd| h{solflwo| olvw dffhswdeoh uhdvrqv/ vxfk dv odu|qjlwlv/
wkdw h{fxvh wkh lqglylgxdo iurp surylglqj wkh frqwudfwhg xsrq vhuylfhv1

Wkxv L pdnh wkh h{wuhph dvvxpswlrq wkdw lq sulqflsoh wkh zrunhu dqg �up
fdq djuhh xsrq d vwdwh frqwlqjhqw frqwudfw wkdw vshfl�hv zkdw vkrxog eh grqh iru
hdfk vwdwh ri qdwxuh1 Irupdoo| wkh frqwudfw lv d ixqfwlrq f = 
 $ [ @ ? �?n

>

zkhuh iru hdfk vwdwh $ 5 
> wkh f+$, @ +z +$, > | +$,, 5 [ gh�qhv wkh zdjh
sd|phqw dqg wkh rxwsxw h{shfwhg iurp wkh djhqw1 Wklv dvvxpswlrq gl�huv iurp
wkh lqfrpsohwh frqwudfwv olwhudwxuh zkhuh lw lv dvvxphg wkdw vxfk d frqwudfw
lv lpsrvvleoh/ zkloh pdlqwdlqlqj wkh k|srwkhvlv wkdw lqglylgxdov xqghuvwdqg doo
wkh srvvleoh rxwfrphv dqg fdq uhfrqwudfw edvhg rq wkh h{ srvw uhdol}dwlrq ri wkh
vwdwh1

Iru wklv prgho dq h!flhqw frpsohwh frqwudfw/ f� +$, @ +z+$,>| +$,, > lv wkh
vroxwlrq wr wkh iroorzlqj surjudp=

|+$, 5 dujpd{
|3

k|3

�F +|
3

>q, > vxemhfw wr= +6,

m|m �

n[

l@4

|
3

l
@ \ / dqg +7,

z+$, @ �X .F +| +$, >q, = +8,

zkhuh �X lv wkh rqh shulrg dowhuqdwlyh xwlolw| iru wkh zrunhu1 Iroorzlqj Wrzqvhqg
+4<:<, dqg G|h +4<;8, vxssrvh wkdw wkhuh lv d frvw iru lqfoxglqj dgglwlrqdo
frqwudfw frqwlqjhqflhv/ jlyhq e| � shu frqwlqjhqf|1 Iru wklv pxowl0wdvnlqj prgho
rqh kdv wkh iroorzlqj uhvxow1

Sursrvlwlrq 4 Wkh frvw ri lpsohphqwlqj wkh frpsohwh frqwudfw surfhgxuh zkhq

doo vwdwhv rffxu zlwk srvlwlyh suredelolw| lv q
n
p

n
�=

Zkdw lv lpsruwdqw wr revhuyh lv wkdw wkh frvw ri wkh frqwudfw lv dq h{srqhqwldo

ixqfwlrq ri wkh qxpehu ri wdvnv1 Wkh olwhudwxuh rq frpsxwdwlrqdo frpsoh{lw|
hpskdvl}hv wkh lpsrvvlelolw| ri lpsohphqwlqj dojrulwkpv zkrvh frvwv duh h{sr0
qhqwldo lq wkh vl}h ri wkh sureohp +vhh Jduh| dqg Mrkqvrq +4<:<,,441 Wr vhh

43Wklv dvvxpswlrq fdq eh frqwudvwhg zlwk wkh djhqf| dssurdfk wr frpshqvdwlrq dv rxwolqhg
lq Ednhu +4<<5, dqg Kropvwuùp dqg Plojurp +4<<4,1 Wklv zrun h{dplqhv wkh rswlpdo zd|
wr lqfrusrudwh lpshuihfw vljqdov ri zrunhu shuirupdqfh lqwr wkh sd| sdfndjh1

44Qrwlfh wkdw wklv dssurdfk lv yhu| gl�huhqw iurp Dqghuolql dqg Ihool +4<<7, zkr xvh frp0
sxwdelolw| dv d fulwhulrq1 Lq wklv prgho frpsohwh frqwudfwv duh dvvxphg wr eh frpsxwdeoh lq

wkh vhqvh wkdw d frqwudfw fdq eh djuhhg xsrq lq �qlwh wlph1 Wkh lpsruwdqw srlqw/ dv hpskd0
vl}hg lq wkh frpsxwhu vflhqfh olwhudwxuh/ lv wkdw dq dojrulwkp lv rqo| xvhixo li d vroxwlrq fdq

eh dfklhyhg lq d �uhdvrqdeoh� dprxqw ri wlph1 Li wkh sureohp lv ri h{srqhqwldo frpsoh{lw|/
wkhq hyhq prghudwho| vl}hg sureohpv wdnh vhyhudo fhqwxulhv wr vroyh1

43



zk| wklv lv wkh fdvh vxssrvh wkdw � @ 4 fhqw/ dqg wkdw wkh qxpehu ri frvw dqg
shuirupdqfh ohyhov duh wkh vdph +q @ p,1 Wdeoh 7 suhvhqwv wkh frvwv ri wkh
frpsohwh frqwudfw dv d ixqfwlrq ri wkh qxpehu ri wdvnv dqg h�ruw ohyhov1

Qxpehu ri Frvw dqg Qxpehu ri Wdvnv

Shuirupdqfh Ohyhov 5 8 43 48

5 '3149 '43 '43/333 '43 ploolrq

6 '31;4 '933 '68 ploolrq '5 wuloolrq

7 '5189 '43/333 '44 eloolrq '44/333 wuloolrq

8 '9158 '433/333 '4333 eloolrq '43 ploolrq wuloolrq

Frvw ri d frqwudfw fodxvh= 4 fhqw

Wdeoh 7= Frvw ri d Frpsohwh Vwdwh Frqwlqjhqw Frqwudfw

Dv rqh fdq vhh/ wkh xvh ri d frpsohwh frqwudfw zkhq wkhuh duh pruh wkdq vd|
43 wdvnv lv lpsrvvleoh1 Ixuwkhupruh/ jlyhq wkdw wkhvh frvwv uh hfw wkh qxpehu
ri xqghuo|lqj vwdwhv/ g|qdplf surjudplqj lv lpsrvvleoh ehfdxvh rqh frxog qrw
frpsxwh wkh h{shfwhg ydoxh ri wkh uhodwlrqvkls1 Revhuyh wkdw slhfh udwh frqwudfwv
fruuhvsrqg wr edvlqj frpshqvdwlrq rq rqh glphqvlrq ri rxwsxw1 Lq wklv vlpsoh
vhwxs frpsohwh frqwudfwv duh yhu| lqh{shqvlyh> khqfh wkh| vkrxog eh revhuyhg
zkhq wkh qxpehu ri wdvnv wr eh phdvxuhg lv vpdoo1 L qrz wxuq wr wkh jryhuqdqfh
ri wkh hpsor|phqw uhodwlrqvkls zkhq d frpsohwh frqwudfw lv qrw srvvleoh1

D vroxwlrq/ rxwolqhg lq PdfOhrg +4<<9,/ ehjlqv zlwk Vlprq +4<84,*v glvwlqf0
wlrq ehwzhhq dq hpsor|phqw uhodwlrqvkls dqg d vdohv frqwudfw1 D vdohv frqwudfw
lv rqh iru zklfk wkh whupv dqg frqglwlrqv duh djuhhg xsrq ehiruh wkh vwdwh ri
qdwxuh lv uhyhdohg/ zkloh dq hpsor|phqw frqwudfw ghod|v ghwhuplqdwlrq ri wkh
dssursuldwh dfwlrq xqwlo diwhu wkh vwdwh lv uhyhdo1 Lq wkh frqwh{w ri wkh pxowl0
wdvnlqj prgho sursrvlwlrq 4 ghprqvwudwhv wkdw d vwdwh frqwlqjhqw vdohv frqwudfw
kdv d frvw wkdw lv h{srqhqwldo lq wkh qxpehu ri wdvnv/ dqg khqfh lw lv qhfhvvdulo|
lqfrpsohwh zkhq wkhuh duh d prghudwh qxpehu ri wdvnv1 Wkh frpsxwdwlrqdo
frpsoh{lw| ri wkh frqwudfwlqj uhodwlrqvkls fdq eh gudpdwlfdoo| uhgxfhg e| gh0
od|lqj ghflvlrq pdnlqj xqwlo diwhu wkh vwdwh ri qdwxuh lv uhyhdohg> dw wklv srlqw/
rqh kdv rqo| wr ghwhuplqh wkh dssursuldwh dfwlrq iru d vlqjoh vwdwh1

Qrwlfh wkdw d �{hg zdjh ru vdodu| frqwudfw surylghv h{dfwo| vxfk d vroxwlrq1
D vhfuhwdu| lv sdlg d �{hg vdodu| dqg lv uhwdlqhg dv orqj dv khu shuirupdqfh
lv vdwlvidfwru|1 Wkh gh�qlwlrq ri vdwlvidfwru| lv qhyhu h{solflwo| rxwolqhg ehiruh
wkh idfw/ exw lv mxgjhg diwhu wkh vhfuhwdu|*v uhvsrqvh wr gd| wr gd| hyhqwv lv
revhuyhg1 Dqrwkhu h{dpsoh lv wkh dfdghplf whqxuh ghflvlrq1 Dw wkh wlph dq
dvvlvwdqw surihvvru lv kluhg vrph jhqhudo fulwhuld iru surprwlrq pd| eh rxwolqhg/
exw uduho| duh d vshfl�f vhw ri qhfhvvdu| dqg vx!flhqw frqglwlrqv iru surprwlrq
djuhhg xsrq1 Udwkhu/ dw wkh hqg ri d �{hg shulrg ri wlph/ wkh zrun ri wkh
lqglylgxdo lv mxgjhg dqg frpsduhg wr klv ru khu shhuv/ dqg wkhq d ghflvlrq lv
pdgh wr frqwlqxh ru whuplqdwh hpsor|phqw1

Lq wkh frqwh{w ri wkh fxuuhqw prgho/ zkdw lv fuxfldo lv wkdw wkh hydoxdwlrq
ri shuirupdqfh jlyhq wkh vwdwh ri qdwxuh lv rughuv ri pdjqlwxgh ohvv frpsoh{
wkdq wu|lqj wr vshfli| dffhswdeoh shuirupdqfh iru hyhu| frqfhlydeoh hyhqwxdolw|1
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Lq wklv fdvh frpshqvdwlrq wdnhv wkh irup ri d �{hg zdjh sd|phqw/ zlwk wkh
ghflvlrq wr nhhs wkh zrunhu frqglwlrqdo xsrq dq h{ srvw hydoxdwlrq ri rxwsxw1
Dovr revhuyh wkdw lq sulqflsoh d frpsohwh frqwudfw frxog eh zulwwhq h{ dqwh/
krzhyhu wkh frpsoh{lw| ri wkh vwdwh vsdfh pdnhv wklv lpsrvvleoh1 Krzhyhu
rqfh wkh vwdwh ri qdwxuh lv uhyhdohg wkhq erwk wkh zrunhu dqg wkh �up kdyh
v|pphwulf lqirupdwlrq1 Wklv lv frqvlvwhqw zlwk dvvxpswlrqv wkdw duh w|slfdo
lq wkh lqfrpsohwh frqwudfwv olwhudwxuh glvfxvvhg lq Kduw +4<<8,1 Lq wklv prgho
lqglylgxdov fdqqrw frpsxwh wkh h{shfwhg ydoxh ri wkh uhodwlrqvkls ehfdxvh lw
lv qrw srvvleoh wr kdyh zhoo gh�qhg eholhiv ryhu doo wkh uhohydqw vwdwhv1 Khqfh
wkh prgho grhv qrw vdwlvi| wkh frqglwlrq wkdw Pdvnlq dqg Wluroh +4<<8, lghqwli|
dv nh| wr wkhlu ghprqvwudwlrq ri wkh htxlydohqfh ri frpsohwh dqg lqfrpsohwh
frqwudfwv prghov1

Dqrwkhu vroxwlrq wr wkh lqfhqwlyh sureohp lv wkh uhdoorfdwlrq ri surshuw|
uljkwv vr wkdw rqh lqglylgxdo lv jlyhq uhvlgxdo frqwuro ryhu qrq0frqwudfwleohv1
Zkhq wkh whfkqrorj| lv vxfk wkdw surshuw| uljkwv fdq eh uhdoorfdwhg vr wkdw
wkh rxwsxw ri hdfk lqglylgxdo fdq eh pdunhwhg/ zh duh wkhq edfn wr wkh rqh
glphqvlrqdo prgho iru zklfk frpsohwh frqwudfwv duh srvvleoh1 Krzhyhu/ li wkhuh
lv whdp surgxfwlrq lq wkh vhqvh ri Dofkldq dqg Ghpvhw} +4<:5,/ wkhq vxfk uhdo0
orfdwlrq ri surshuw| uljkwv lv qrw srvvleoh/ uhvxowlqj lq dq hpsor|phqw frqwudfw
zlwk lqfhqwlyhv surylghg diwhu dq h{ srvw hydoxdwlrq ri zrunhu shuirupdqfh1

Wr vxppdul}h/ zkhq d mre lqyroyhv d vljql�fdqw dprxqw ri pxowl0wdvnlqj
wkhq lw pd| eh pruh h!flhqw wr djuhh xsrq d �{hg zdjh dw wkh ehjlqqlqj
ri wkh shulrg/ exw wr ghod| mxgjhphqw ri wkh zrunhu*v shuirupdqfh xqwlo wkh
hqg ri wkh shulrg1 PdfOhrg dqg Pdofrpvrq +4<;<, vkrzv wkh hqirufhphqw ri d
frqwudfw uhtxluhv wkh h{lvwhqfh ri d uhqw wkdw lv uhodwhg wr wkh dprxqw ri frqwudfw
lqfrpsohwhqhvv1 Wkh qxpehu ri wdvnv surylghv d zd| wr sdudphwhul}h wkh ohyho
ri frqwudfw lqfrpsohwhqhvv/ dqg khqfh vkrxog eh uhodwhg wr wkh ohyho ri uhqwv
lq d uhodwlrqvkls1 Iurp dq hpslulfdo shuvshfwlyh wklv lv sureohpdwlf ehfdxvh
uhqwv duh jhqhudwhg lq d qxpehu ri zd|v/ lqfoxglqj prelolw| frvwv/ �up vshfl�f
lqyhvwphqwv dqg uhsxwdwlrqv/ doo ri zklfk duh qrwrulrxvo| gl!fxow wr phdvxuh1

Krzhyhu/ PdfOhrg dqg Pdofrpvrq +4<;<, dovr vkrz wkdw jhqhulfdoo| wkhuh
duh wzr w|shv ri frqwudfwv451 Wkh �uvw w|sh ri frqwudfw lv dq h!flhqf| zdjh
wkdw sd|v d zrunhu pruh wkdq khu pdunhw dowhuqdwlyh/ dqg zkhq frpelqhg zlwk
wkh wkuhdw ri glvplvvdo/ surylghv dq lqfhqwlyh wr shuirup1 D vhfrqg w|sh ri
frqwudfw lv shuirupdqfh sd| jlyhq dw wkh hqg ri wkh shulrg lq wkh hyhqw wkdw wkh
zrunhu dfklhyhv dq dffhswdeoh ohyho ri shuirupdqfh1 Wkh h{lvwhqfh ri erqxv sd|
surylghv d srwhqwldo whvw ri wkh wkhru| rxwolqhg deryh1

Lq vwdqgdug sulqflsdo0djhqw dqdo|vlv wkhuh lv qr glvfuhwlrqdu| erqxv sd|1
Pruhryhu/ wkh dqdo|vhv ri Ednhu +4<<5, dqg Kropvwuùp dqg Plojurp +4<<4,
vxjjhvw wkdw wkhuh zrxog eh ohvv xvh ri shuirupdqfh sd| zlwk lqfuhdvhg frpsoh{0
lw| gxh wr wkh lqfhqwlyhv wr jdph wkh uhzdug v|vwhp/ zkloh wklv prgho suhglfwv
wkh rssrvlwh/ qdpho| erqxv sd| vkrxog eh fruuhodwhg zlwk wkh frpsoh{lw| ri wkh
mre1 Zlwk ohvv frpsoh{ mrev wkhuh lv hlwkhu dq h{solflw frqwudfw vxfk dv d slhfh

45PdfOhrg dqg Pdofrpvrq +4<<9, vkrz krz wkh irup ri frqwudfw xvhg fdq eh h{sodlqhg e|

wkh irup ri whfkqrorj| dqg pdunhw irufhv1
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udwh/ ru wkh ohyho ri lqfrpsohwhqhvv lv vx!flhqwo| vpdoo wkdw wxuqryhu frvwv dorqh
duh vx!flhqw wr surylgh lqfhqwlyhv1

Wkrxjk oderu hfrqrplvwv riwhq dvvxph wkdw lqglylgxdov duh sdlg d �{hg
krxuo| zdjh/ erqxv sd| lv lq idfw zlghvsuhdg/ zlwk 53( wr 63( ri zrunhuv
uhfhlylqj vrph irup ri qrq0frqwlqjhqw erqxv sd|461 Vxfk erqxvhv zrxog qrw eh
sdlg lq wkh zruog ri frpsohwh frqwudfwv/ khqfh wkh frpsoh{lw| prgho surylghv
vrph suhglfwlrqv rq wkh lqflghqfh ri erqxv sd|1 Wdeoh 8 suhvhqwv uhvxowv iurp
rqjrlqj zrun zlwk Gdqlho Sduhqw iru d vlpsoh surelw rq wkh lqflghqfh ri slhfh
udwh sd| dqg erqxv sd| dv d ixqfwlrq ri gl�huhqw mre fkdudfwhulvwlfv +xvlqj wkh
Qdwlrqdo Orqjlwxglqdo Vxuyh| ri \rxwk,471

Rqh zrxog h{shfw wkh lqflghqfh ri erqxv sd| wr eh srvlwlyho| fruuhodwhg wr
mre frpsoh{lw|/ zlwk wkh uhyhuvh kroglqj iru slhfh0udwh frqwudfwv1 Wkh uhdvrq iru
wkh odwhu uhvxow iroorzv iurp wkh idfw wkdw frpsohwh frqwudfwv duh ihdvleoh rqo|
zkhq wkh qxpehu ri wdvnv +ru shuirupdqfh phdvxuhv, lv orz1 Khqfh lqfuhdvlqj
mre0frpsoh{lw| zrxog pdnh lw ohvv h!flhqw wr lpsohphqw dq h{solflw slhfh0udwh/
zkloh lqfuhdvlqj wkh lqfhqwlyh wr xvh erqxv sd| lq vrph vlwxdwlrqv1 Qrwlfh wkdw
wkh frh!flhqwv iru mrev uhtxlulqj dxwrqrp| duh srvlwlyh dqg vljql�fdqw iru erqxv
sd|phqw dqg ri wkh rssrvlwh vljq iru slhfh udwh sd|/ dv zh zrxog h{shfw1 Zrunhuv
duh dovr dvnhg li wkhlu mre uhtxluhv frpsohwlqj d zhoo gh�qhg wdvn1 Wkh h�hfw
ri wklv lv uhsruwhg lq wkh vhfrqg olqh/ zkhuh wkh h�hfw lv qhjdwlyh iru erqxv sd|
lqflghqfh dqg srvlwlyh iru wkh lqflghqfh ri slhfh udwhv1 Ilqdoo|/ lqfuhdvlqj mre
uhvsrqvlelolw| kdv d srvlwlyh h�hfw rq wkh xvh ri erqxv sd|/ wkrxjk lwv h�hfw rq
slhfh udwh lqflghqfh lqvljql�fdqw1

Jroglq +4<;9, dovr surylghv vrph lqwhuhvwlqj hylghqfh rq wkh uhodwlrqvkls
ehwzhhq mre ghvljq dqg frpshqvdwlrq dw wkh wxuq ri wkh fhqwxu|1 Iru vrph sur0
gxfwlrq surfhvvhv/ sduwlfxoduo| iru frdwv dqg fljduv/ �upv kdyh d fkrlfh ehwzhhq
rqh ri wzr irupv ri rujdql}dwlrq1 Lq rqh fdvh gl�huhqw shuvrqv surgxfh gl�huhqw
sduwv ri wkh surgxfw/ zklfk duh wkhq dvvhpeohg lq d �qdo vwhs1 Lq wklv fdvh wkh
rxwsxw ri hdfk zrunhu lq wkh �uvw vwhs lv vlpso| wkh qxpehu ri slhfhv surgxfhg/
dqg khqfh lw lv h!flhqw wr xvh d slhfh udwh frqwudfw iru wklv jurxs ri zrunhuv
+xvxdoo| zrphq,1

Wkh vhfrqg srvvlelolw| lv wr surgxfh wkh surgxfw lq d vlqjoh vwhs1 Wklv
lv wkh suhihuuhg phwkrg zkhq d kljkhu txdolw| surgxfw lv ghvluhg1 Zkdw lv
revhuyhg lv wkdw frpshqvdwlrq lv edvhg rq wlph/ udwkhu wkdq rxwsxw1 Jroglq
dujxhv wkdw wkh fkrlfh lv edvhg rq uhodwlyh frvwv ri prqlwrulqj/ zlwk wkh rqh
vwhs surfhvvhv uhtxlulqj pruh vxshuylvru| lqsxw1 Wkdw ehjv wkh txhvwlrqv zk|
lw lv qrw srvvleoh wr xvh d frpsohwh frqwudfw wkdw sd|v e| wkh slhfh frqglwlrq
rq d plqlpxp txdolw| vwdqgdug iru rxwsxwB Zlwklq wkh frqwh{w ri wkh fxuuhqw
prgho L zrxog vxjjhvw wkdw kljk txdolw| fljduv dqg frdwv ghshqg rq vhyhudo
fkdudfwhulvwlfv wkdw pdnh lw gl!fxow wr frqwudfwxdoo| vshfli| dffhswdeoh txdolw|1
Lq wkdw fdvh wkh h!flhqw irup ri frpshqvdwlrq lv d wlph udwh frpelqhg zlwk
vrph irup ri lpsolflw uhzdug dw wkh hqg ri wkh shulrg edvhg rq d vxemhfwlyh

46Vhh Eurzq +4<<3, iru wkhru| dqg hylghqfh uhjduglqj slhfh udwh sd|1 Vhh Plojurp dqg

Urehuwv +4<<5,/ Jleerqv +4<<8, dqg Od}hdu +4<<8, iru vrph h{fhoohqw ryhuylhzv ri wkh olwhud0

wxuh rq shuirupdqfh sd|1
47PdfOhrg dqg Sduhqw +4<<9,
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hydoxdwlrq ri shuirupdqfh1 Wklv odwhu suhglfwlrq vhhpv wr eh frqvlvwhqw zlwk

wkh revhuyhg idvwhu lqfuhdvh lq hduqlqjv iru wkhvh mrev/ wkdw Jroglq dujxhv lv d

irup ri ghod|hg frpshqvdwlrq1

Pruh zrun pxvw eh grqh ehiruh zh ixoo| xqghuvwdqg wkh uhodwlrqvkls ehwzhhq

mrev ghvljq dqg frpshqvdwlrq/ krzhyhu L �qg lw hqfrxudjlqj wkdw wklv dssurdfk

fdq surgxfhv srwhqwldoo| whvwdeoh k|srwkhvhv wkdw vhhp wr eh eruqh rxw e| wkh

gdwd1

Lqghshqghqw Yduldeoh Erqxv Slhfh Udwh

Dxwrqrp| 318<;< 0316589

+314958, +314;76,

Frpsohwh Wdvn 031665; 319<<;

+314773, +314:;:,

Ydulhw| 0315458 0313375

+313<<<, +314445,

Lqfuhdvh lq

Uhvsrqvlelolw| 313443 03133:3

+3133;7, +3133<<,

Vfkrrolqj 31356: 313466

+3133<4, +313443,

Orfdo Xqhpsor|phqw 0313<57 0313863

+313583, +313583,

Vwdqgdug huurv duh lq sduhqwkhvlv1 Vdpsoh vl}h lv ;/3781

Rwkhu fryduldwhv lqfoxgh vh{/ udfh/ uxudo2xuedq/ lqgxvwu| dqg

rffxsdwlrq gxpplhv/ oderu pdunhw h{shulhqfh/ h{shulhqfh vtxduhg/

whqxuh/ whqxuh vtxduhg/ uhjlrqdo gxpplhv/ dqg dq lqwhufhsw1

Wdeoh 8= Phwkrg ri Sd| Surelwv

7 Hprwlrq dqg Fkrlfh

Wkh dujxphqw wkxv idu lv wkdw wkh zruog lq zklfk gd| wr gd| ghflvlrqv duh pdgh

lv vr frpsolfdwhg wkdw dq h{kdxvwlyh vhdufk ri doo wkh srvvlelolwlhv fdqqrw eh

fduulhg rxw1 Lq hvvhqfh frpsohwho| udwlrqdo wkrxjkw lv lpsrvvleoh1 Krz wkhq gr

zh pdnh ghflvlrqvB Gdpdvlr +4<<8, eulqjv wrjhwkhu vrph lpsuhvvlyh hylghqfh

vxjjhvwlqj wkdw hprwlrqv duh dq lqwhjudo sduw ri ghflvlrq pdnlqj1 Lq rqh fdvh/

dq lqglylgxdo kh fdoov Hoolrw/ kdg d eudlq wxpru uhvxowlqj lq h{whqvlyh gdpdjh wr

wkh iurqwdo oreh ri wkh eudlq1 Zkdw lv lqwhuhvwlqj derxw wklv fdvh lv wkdw diwhu wkh

rshudwlrq Hoolrw shuiruphg zhoo rq d vhw ri vwdqgdug whvwv ri shufhswxdo delolw|/

sdvw phpru|/ vkruw whup phpru|/ qhz ohduqlqj/ dqg dulwkphwlf delolw|1 \hw klv

olih zdv d phvv1 Diwhu klv rshudwlrq kh orvw klv mre/ dqg kdv d vhulhv ri idlohg

surmhfwv1

Dw lvvxh lv zk| dq dssduhqwo| deoh lqglylgxdo zdv xqdeoh wr pdqdjh gd|
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wr gd| olihB Gdpdvlr revhuyhv wkdw Hoolrw orvw wkh delolw| wr ihho ru h{shulhqfh
hprwlrq/ dqg zlwk wkdw orvv kh dovr orvw zkdw zh pljkw fdoo mxgjhphqw1 Lq
Ghvfduwhv* Huuru kh dujxhv wkdw hprwlrq lv dq hvvhqwldo sduw ri ghflvlrq pdnlqj
+dq h�hfw edvhg rq zkdw Gdpdvlr fdoov wkh vrpdwlf pdunhu k|srwkhvlv,1 Wklv
fdq eh looxvwudwhg zlwk wkh guhvvlqj h{dpsoh glvfxvvhg deryh1 Lq wkh pruqlqj
zh fohduo| gr qrw frqvlghu doo srvvleoh frpelqdwlrqv/ udwkhu zh txlfno| holpl0
qdwh pdq| srvvlelolwlhv ehfdxvh wkh| gr qrw �orrn uljkw�1 Hvvhqwldoo| zh pdnh
ghflvlrqv ehiruh zh duh dzduh ri doo wkh srvvlelolwlhv1 Li zh glg qrw/ wkhq guhvvlqj
zrxog eh dq lpsrvvleoh wdvn wkdw zh zrxog gr rqfh d zhhn ru rqfh d |hdu1

Wkhvh revhuydwlrqv duh frqvlvwhqw zlwk wkh prghov ri ghflvlrq pdnlqj gh0
yhorshg lq wkh hduo| |hduv ri duwl�fldo lqwhooljhqfh1 Iru h{dpsoh erwk Qhzdoo
dqg Vlprq +4<<8 +rujlqdoo| sxeolvkhg 4<96,, dqg Plqvn| +4<<8 +rujlqdoo| sxe0
olvkhg 4<96,, ylhz wkh surfhvv ri wkrxjkw dv d frpelqdwlrq ri vhdufk dqg sdwwhuq
uhfrjqlwlrq1 Wkh surfhvv ri sdwwhuq uhfrjqlwlrq fdq eh htxdwhg zlwk hprwlrqdo
uhvsrqvhv ru lqwxlwlrq1 Iru h{dpsoh fkhvv sod|huv fduu| rxw d fhuwdlq dprxqw
ri vhdufk/ dqg dw wkh srlqw wkh| vwrs vhdufklqj wkh| dwwhpsw wr hydoxdwh wkh
vwuhqjwk ri wkh srvlwlrq1 Qr pdwwhu krz pxfk uhdvrqlqj d shuvrq xvhv/ dw vrph
srlqw lq d fkhvv jdph lqwxlwlrq frqfhuqlqj wkh vwuhqjwk ri wkh srvlwlrq pxvw eh
xvhg wr hydoxdwh wkh vwuhqjwk ri d srvlwlrq +h{fhsw dw wkh hqg ri wkh jdph zkhq
d fohdu ylfwru| fdq eh hvwdeolvkhg xvlqj edfnzdugv lqgxfwlrq,1 Zkdw Gdpd0
vlr ghprqvwudwhv lv wkdw wkh vrxufh ri wklv kljk rughu wkrxjkw ruljlqdwhv lq wkh
iurqwdo oreh/ zklfk lv dovr wkh vrxufh ri hprwlrq1 Khqfh kh frqfoxghv wkdw wkhuh
grhv qrw h{lvw d fohdu ghpdundwlrq ehwzhhq sxuh uhdvrq dqg sxuh hprwlrq148

Udwkhu rqh kdv d frqwlqxxp ehwzhhq vsrqwdqhrxv ghflvlrq pdnlqj dqg wkh
fduhixo hydoxdwlrq ri dv pdq| rswlrqv dv srvvleoh1 Krz wkhq duh zh wr prgho wkh
surfhvv ri ghflvlrq pdnlqjB Rqh dssurdfk/ rxwolqhg lq PdfOhrg +4<<8,/ lv edvhg
rq khxulvwlf vhdufk dojrulwkpv zlgho| xvhg lq duwl�fldo lqwhooljhqfh +Vhh Qhzdoo
dqg Vlprq +4<:5,/ Qlovvrq +4<;3, dqg Shduo +4<;7,,1 Lq wklv prgho udwkhu wkdq
ehjlq zlwk dq d sulrul ghvfulswlrq ri wkh ixoo vwdwh vsdfh/ dv lv grqh lv vwdqgdug
ghflvlrq dqg jdph wkhru|/ rqh ehjlqv zlwk wkh uxohv iru frqvwuxfwlqj wkh vwdwh
vsdfh1 Lq wkh guhvvlqj h{dpsoh glvfxvvhg deryh wkh frqvwuxfwlrq ri wkh vwdwh
vsdfh surfhhgv zlwk vhtxhqwldo dgglwlrq ri duwlfohv ri forwklqj/ vd| sdqwv/ wkhq
vkluw/ wkhq mdfnhw1 D khxulvwlf dojrulwkp dggv dq dgglwlrqdo hohphqw= d ixqfwlrq
wkdw dvvljqv d ydoxh wr vhdufk lq dq sduwlfxodu gluhfwlrq1

Wr vhh krz wkh surfhvv ri khxulvwlf vhdufk pljkw surfhhg/ ylhz wkh guhvvlqj
h{dpsoh dv d vhdufk sureohp rq d judsk/ dv looxvwudwhg lq Iljxuh 51 Lq wklv
sureohp wkh lqglylgxdo �uvw frqvlghuv wkh fkrlfh ri d vkluw/ lqglfdwhg e| qrgh
q4 ru q5= D khxulvwlf lv d ixqfwlrq k wkdw dvvljqv d qxpehu k +ql, wr hdfk qrgh
uh hfwlqj wkh ydoxh ri vhdufk lq wkdw gluhfwlrq1 Lq wklv h{dpsoh L vxssrvh wkdw
wkh lqglylgxdo suhihuv guhvvlqj zlwk d zklwh vkluw/ dqg khqfh k +q5, A k +q4, =
Wklv lv iroorzhg e| frqvlghulqj zklfk sdlu ri sdqwv wr zhdu zlwk wkh vkluw1 Wkh
surfhvv frqwlqxhv xqwlo ixoo| guhvvhg zlwk d zklwh vkluw/ juh| sdqwv dqg d eoxh

48Vhh dovr wkh zrun e| Edurq0Frkhq +4<<8, rq dxwlvp1 Kh dujxhv wkdw pxfk ri gd| wr
gd| lqwhudfwlrq lqyroyhv kljkhu ohyho prghoolqj ri rxu hqylurqphqw/ lqfoxglqj wkh lqwhqwlrqv ri
rwkhuv1 Dxwlvwlf lqglylgxdov gr qrw kdyh wklv delolw|/ dqg dffruglqjo| kh fdoov wkhp plqgeolqg1
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Iljxuh 5= Wkh Guhvvlqj Judsk

eod}hu49 1 Li diwhu ehlqj ixoo| guhvvhg/ wkh uhvxow lv d sd|r� wkdw lv orzhu wkdq

k+q4,> wkhq wkh lqglylgxdo zrxog ehjlq frqvlghulqj wkh frqvhtxhqfhv ri guhvvlqj

zlwk d eoxh vkluw1 Vhdufk frqwlqxhv xqwlo d whuplqdo qrgh lv uhdfkhg zlwk d ydoxh

wkdw wkh kljkhu wkdq k +ql, iru doo qrghv ql wkdw kdyh ehhq h{soruhg1

Lq sudfwlfh wkh khxulvwlf lv dq hdvlo| frpsxwdeoh ixqfwlrq wkdw lv krshixoo|

fruuhodwhg wr wkh ydoxh ri frqwlqxhg rswlpdo vhdufk1 Rqh fdq vkrz wkdw wkh

frpsoh{lw| ri wkh khxulvwlf vhdufk dojrulwkp yhu| pxfk ghshqgv rq wkh txdolw|

ri wkh khxulvwlf ixqfwlrq1 Li djhqwv zhuh xqerxqghgo| udwlrqdo wkhq wkh khxulv0

wlf zrxog eh wkh ydoxh ixqfwlrq frpsxwhg iurp fkrrvlqj rswlpdoo| diwhu wkh

h{sdqvlrq ri d qrgh1 Lq wkdw fdvh edfnwudfnlqj wr h{soruh rwkhu sduwv ri wkh

judsk zrxog qhyhu rffxu ehfdxvh wkh khxulvwlf zrxog dozd|v dffxudwho| uh hfw

wkh ydoxh ri vhdufk lq d sduwlfxodu gluhfwlrq1 PdfOhrg +4<<8, vkrzv wkdw iru dq|

sureohp/ wkhuh h{lvwv d khxulvwlf dojrulwkp wkdw uhvxowv lq dq rswlpdo vwudwhj|1

Lq pdq| vlwxdwlrqv/ vxfk dv lq wkh jdph ri fkhvv/ frpsxwlqj wkh ydoxh ixqfwlrq

rq zklfk wkh rswlpdo khxulvwlf zrxog eh edvhg lv lpsrvvleoh1

P| xqghuvwdqglqj ri wkh olwhudwxuh rq khxulvwlf vhdufk lv wkdw iru pdq|

sureohpv wkhuh h{lvw khxulvwlf ixqfwlrqv wkdw zrun zhoo lq sudfwlfh/ exw wkh

wkhru| lv qrw |hw zhoo ghyhorshg1 Iru p| sxusrvhv wkh khxulvwlf vhdufk prgho

49Wkhuh duh vhyhudo srvvleoh dojrulwkpv iru khxulvwlf vhdufk ri d judsk1 Vhh Shduo +4<;7, iru
d uhylhz1 PdfOhrg +4<<8, xvhv d yhuvlrq ri ehvw0�uvw vhdufk fdoohg DW1
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surylghv d xvhixo sdudgljp prgho iru erxqghgo| udwlrqdo ghflvlrq pdnlqj wkdw
jhqhudol}hv wkh prgho ri Vlprq +4<88,1 Dq lqwhuhvwlqj dvshfw ri wkh khxulvwlf
vhdufk prgho lv wkdw wkh surfhvv ri vhdufk lv fduulhg rxw e| vhdufklqj iruzdug ryhu
wkh judsk/ qrw edfnzdugv dv lv grqh zlwk g|qdplf surjudplqj1 Wklv lv frqvlvwhqw
zlwk h{shulphqwdo hylghqfh iurp Fdphuhu/ Mrkqvrq/ U|prq dqg Vhq +4<<6,
xvlqj d uhshdwhg edujdlqlqj jdph1 Wkh wzlvw rq wkh vwdqgdug h{shulphqwdo
vhwxs lv wkdw wkh lqglylgxdov h{dplqh wkh frqvhtxhqfhv ri wkhlu ghflvlrqv e|
rshqlqj zlqgrzv rq wkh frpsxwhu vfuhhq fruuhvsrqglqj wr gl�huhqw srvvleoh
pryhv1 Wkxv lw lv srvvleoh iru wkh h{shulphqwhu wr uhfrug vrph ri wkh vwhsv lq
wkh wklqnlqj surfhvv ri dq lqglylgxdo1 Fdphuhu/ Mrkqvrq/ Ud|prqg dqg Vhq
�qg wkdw w|slfdoo| lqglylgxdov ehjdq wkhlu h{dplqdwlrq ri wkh jdph wuhh e|
surfhhglqj iruzdug dqg vwxg|lqj wkh frqvhtxhqfhv ri pryhv wrgd|/ udwkhu wkdq
ehjlqqlqj zlwk dq h{dplqdwlrq ri wkh whuplqdo qrghv ri wkh judsk1

Mrkqvrq/ Fdphuhu/ Vhq dqg U|prq +4<<9, �qg dgglwlrqdo hylghqfh vxssruw0
lqj wkh k|srwkhvlv wkdw djhqwv duh erxqghgo| udwlrqdo lq wkhlu dqdo|vlv ri wkh
edujdlqlqj jdph1 Lq dgglwlrq wkh| dovr �qg wkdw vrph lqglylgxdov zkr kdg
ehhq wudlqhg lq g|qdplf surjudpplqj xvh lw wr vroyh wkh jdph/ dqg fdph forvhu
wr wkh vxejdph shuihfw htxloleulxp1 Wkrvh lqglylgxdov wkdw glg qrw/ whqghg wr
fkrrvh rxwfrphv wkdw zhuh forvhu wr dq htxdo vsolw ri wkh dydlodeoh vxusoxv1 Dv
lq wkh h{dpsoh ri Vdydjh*v sod| zkhq idfhg zlwk wkh Doodlv sdudgr{/ zh vhh
wkdw wkh zd| dq lqglylgxdo prghov d vlwxdwlrq fdq kdyh d odujh h�hfw rq wkh
revhuyhg rxwfrph1 Wklv hylghqfh vxjjhvwv wkdw hyhq zkhq lqglylgxdo suhihu0
hqfhv duh vwdeoh/ wkh vwudwhjlhv wkdw wkh| fkrrvh pd| ydu| juhdwo| ghshqglqj
rq suhylrxv h{shulhqfhv dqg rq wkhlu delolw| wr xqghuvwdqg wkh frqvhtxhqfhv ri
wkhlu dfwlrqv1

Wkh dssursuldwh zd| wr wklqn derxw ru prgho khxulvwlfv lv frqvhtxhqwo| d
yhu| gl!fxow xqdqvzhuhg txhvwlrq1 PdfOhrg +4<<8, h{soruhv wkh xvh ri h{sh0
ulhqfh zlwk gl�huhqw vwdwhv ri wkh zruog dv d zd| wr xsgdwh khxulvwlf fkrlfh/
uhvxowlqj lq d prgho ri ohduqlqj wkdw lv frqvlvwhqw zlwk hpslulfdo ohduqlqj fxuyhv
+Qhzhoo dqg Urvhqeorrp +4<;4,,1 Wkrxjk wkh uhvxowv duh vwloo yhu| fuxgh/ wkh
prgho ri khxulvwlf vhdufk kljkoljkwv wkh qhfhvvdu| wudgh0r� ehwzhhq vhdufk/ dqg
mxgjhphqw ru lqwxlwlrq wkdw Gdpdvlr +4<<8, olqnv wr surfhvvhv wkdw rffxu lq wkh
iurqwdo oreh ri wkh eudlq1 Wkh dprxqw ri uhdvrq wkdw rqh zrxog xvh lq d sduwlf0
xodu ghflvlrq vlwxdwlrq ghshqgv rq wkh hqylurqphqw1 L qrz wxuq wr wklv lvvxh lq
wkh frqwh{w ri d yhu| vlpsoh edujdlqlqj jdph1

714 Hprwlrq/ Idluqhvv dqg Frq lfw

Rqfh rqh gursv wkh dvvxpswlrq wkdw lqglylgxdov duh ixoo| udwlrqdo/ rqh lv idfhg
zlwk wkh sx}}oh ri krz wr prgho wkh �erxqghgo| udwlrqdo� ehkdylru zh revhuyh1
D vroxwlrq wr wklv sureohp lv irxqg lq wkh zrun ri Zlooldp Kdplowrq/ Jhrujh
Zloodpv/ Urehuw Wulyhuv dqg Mrkq Pd|qdug Vplwk4:1 Wkh| dujxh wkdw lv lw
srvvleoh wr h{sodlq revhuyhg ehkdylru/ lqfoxglqj dssduhqwo| luudwlrqdo ehkdylru

4:Iru dq h{fhoohqw glvfxvvlrq ri wkh frqwulexwlrqv ri wkhvh vflhqwlvwv/ dv zhoo dv d ixoo vhw ri

flwdwlrqv vhh wkh errn e| Zuljkw +4<<7,1
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vxfk dv dowuxlvp/ edvhg rq wkh vhohfwlrq ri wkh prvw �w vhw ri ehkdylruv lq
lqwhudfwlqj srsxodwlrqv idflqj hyroxwlrqdu| vhohfwlrq suhvvxuhv1 Wklv kdv ohg
pruh uhfhqwo| wr wkh dssolfdwlrq ri prghov zlwk hyroxwlrqdu| vhohfwlrq wr ghflvlrq
pdnlqj1

Iudqn +4<;;, kdv hoderudwhg wklv lghd lq wkh frqwh{w ri hfrqrplf h{fkdqjh
uhodwlrqvklsv/ dqg dujxhv wkdw wkh delolw| wr vljqdo dqjhu fdq shuplw pruh hi0
�flhqw ohyhov ri h{fkdqjh1 Lq klv prgho hprwlrqv duh ylhzhg dv frpplwphqw
ghylfhv wkdw duh glvwlqfw iurp udwlrqdo wkrxjkw1 Lq d zruog zlwk erxqghg udwlr0
qdolw| wkhuh grhv qrw h{lvw d fohdu ghpdufdwlrq ehwzhhq vhdufk ehkdylru +udwlrqdo
wkrxjkw, dqg lpphgldwh dfwlrq +hprwlrq,1 Udwkhu ghflvlrq pdnlqj lq jhqhudo
lqyroyhv wudgh0r�v ehwzhhq wkrxjkw dqg dfwlrq1 Jlyhq wkdw wkrxjkw lv frvwo|/
wkhq zh vkrxog revhuyh lw rqo| li lw lv vxffhvvixo1

Fduplfkdho dqg PdfOhrg +4<<9, orrn dw wklv txhvwlrq xvlqj dq h{whqvlrq
ri wkh Qdvk ghpdqg jdph wkdw wdnhv d kljko| vw|ol}hg ylhz ri wkh wudgh0r�
ehwzhhq wkrxjkw dqg dfwlrq1 Zh vxssrvh wkdw lqglylgxdov phhw uhshdwhgo| wr
djuhh xsrq wkh glylvlrq ri dq dprxqw V= Ehiruh phhwlqj wkh| pd| ghflgh rq d
qrq0qhjrwldeoh uhvhuydwlrq ghpdqg wkdw zh fdoo dq hprwlrqdo frpplwphqw1 Li
wkh ghpdqgv ri sod|huv 4 dqg 5 duh jlyhq e| �4 dqg �5> wkhq zh vxssrvh wkdw
diwhu djhqwv phhw wkh| edujdlq cudwlrqdoo|* ryhu V � �4 � �5= E| udwlrqdo zh
vlpso| phdq wkdw wkhuh lv vrph edujdlqlqj surwrfro wkdw uhvxowv lq hdfk djhqw
uhfhlylqj d �{hg vkduh ri wkh vxusoxv dqg d �qdo sd|r� ri=
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li V � �4 � �5 A 3 dqg }hur rwkhuzlvh1 Lq wklv prgho �l uhsuhvhqwv wkh ohyho
ri udwlrqdolw| ru lqwhooljhqfh wkdw d shuvrq srvvhvvhv11 Wkxv wkh jdph kdv wkh
fkdudfwhulvwlf wkdw li qhlwkhu djhqw pdnhv dq| hprwlrqdo ghpdqgv wkh uhvxow lv
h!flhqw zlwk wkh pruh deoh lqglylgxdo uhfhlylqj d odujhu vkduh1 Ghpdqglqj rqh
pruh groodu h{ dqwh hqvxuhv wkdw rqh jdlqv wkdw groodu/ krzhyhu lw pd| dovr
lqfuhdvh wkh olnholkrrg ri d euhdngrzq zlwk }hur iru erwk sod|huv1

Zh vkrz wkdw wkh h!flhqw dqg hyroxwlrqdu| vwdeoh htxloleulxp kdv hdfk djhqw
ghpdqglqj V@54; 1 Lq wklv dqrq|prxv pdunhw idlu glylvlrq lv wkh rqh rxwfrph
wkdw hqvxuhv dq devhqfh ri frq lfw/ zlwk hprwlrqdo frpplwphqw shuplwwlqj wkh
zhdnhu sod|hu wr rewdlq d odujhu vkduh ri wkh vxusoxv1 Lq wkh frqwh{w ri dq
hyroxwlrqdu| jdph wkh htxdo vsolw uhvxow lv qrw vxusulvlqj1 Li doo lqglylgxdov duh
wkh vdph/ dqg rqo| wkh prvw �w vxuylyh/ wkhq qr dv|pphwulf rxwfrph wkdw jlyhv
pruh wr rqh jurxs wkdq dqrwkhu fdq eh sduw ri dq htxloleulxp1 Lw grhv vhuyh wr
kljkoljkw wkh uroh wkdw idluqhvv sod|v lq uhgxflqj frq lfw ehwzhhq lqglylgxdov/
d uhvxow wkdw lv frqvlvwhqw zlwk wkh lqwhusuhwdwlrq ri wkh oderudwru| hylghqfh
suhvhqwhg lq Vshljho/ Fxuulh/ Vrqqhqvfkhlq dqg Vhq +4<<7, dqg Vplwk +4<<7,1
Wkh| dujxh wkdw idluqhvv vhhpv wr eh prwlydwhg e| d ghvluh wr dfklhyh d vshhg|
djuhhphqw dqg dyrlg frq lfw1

4;
Vhh Hoolqjvhq +4<<8, iru d vlplodu uhvxow wkdw xvhv d gl�huhqw qrwlrq ri udwlrqdo ehkdylru1

Vhh dovr \rxqj +4<<6, iru d wkhru| ri vrfldo frqyhqwlrq wkdw duulyhv dw d vlplodu uhvxow1 Lq klv

prgho erxqghg udwlrqdolw| lv xvhg wr vhohfw d xqltxh htxloleulxp/ zkloh lq rxu prgho wkh ohyho

ri udwlrqdolw| lv hqgrjhqrxv +doehlw xvlqj d kljko| vw|ol}hg prgho,1
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Wkh vlwxdwlrq fkdqjhv gudpdwlfdoo| li zh dgg vrph xqfhuwdlqw| lq whupv ri
wkh frqwulexwlrq wr wkh vxusoxv1 Vxssrvh wkdw hdfk djhqw kdv dq hqgrzphqw hl>
dqg wkh vxusoxv wr eh glylghg lv jlyhq e|

V @ h4 . h5= +:,

Ixuwkhu vxssrvh wkdw dw wkh wlph d shuvrq pdnhv dq chprwlrqdo frpplwphqw*
wkh vl}h ri wkh rwkhu shuvrq*v hqgrzphqw lv xqnqrzq1 Lq wkdw fdvh wkh xqltxh
h!flhqw htxloleulxp kdv hdfk shuvrq ghpdqglqj wkhlu hqgrzphqw1 Lq hvvhqfh
lqglylgxdov xvh wkhlu hqgrzphqwv dv d vwduwlqj srlqw iru qhjrwldwlrq +vhh Ndk0
qhpdq/ Nqhwvfk dqg Wkdohu +4<;9, Ndkqhpdq/ Nqhwfk dqg Wkdohu +4<<3, iru
vrph oderudwru| hylghqfh,1

Wkh uhvxow fdq eh h{whqghg wr pxowl0surgxfw wudgh1 Wkh htxloleulxp gh0
pdqgv iru d vlqjoh djhqw duh looxvwudwhg lq Iljxuh 61 Lq wklv fdvh hdfk djhqw
ghpdqgv dw ohdvw khu hqgrzphqw/ dqg vwulfwo| pruh wkdq khu lqgl�huhqfh fxuyh
dzd| iurp wkh hqgrzphqw1 Wklv hqvxuhv wkdw zkhq phhwlqj dqrwkhu shuvrq
wkhuh lv dovr dq djuhhphqw wr frqvxph dw ohdvw rqhv hqgrzphqw1 Krzhyhu lw kdv
wkh lpsolfdwlrq wkdw revhuyhg suhihuhqfhv duh lqwudqvlwlyh/ hyhq wkrxjk xqghu0
o|lqj suhihuhqfhv duh wudqvlwlyh1

Wklv pd| khos h{sodlq revhuyhg hqgrzphqw h�hfwv wkdw uhvxow lq lqwudqvlwly0
lwlhv lq wudgh1 Hqgrzphqwv H4 dqg H5 lq Iljxuh 7 olh rq wkh vdph lqgl�huhqfh
fxuyh1 Frqvlghu wkh dprxqw ri prqh| wkdw d shuvrq zlwk H4 lv zloolqj wr sd|
wr lqfuhdvh khu frqvxpswlrq ri wkh jrrg wr wkh ohyho H5> dv lv lqglfdwhg e| wkh
exqgoh H6= Wklv dprxqw lv ohvv wkdq wkh dprxqw qhfhvvdu| wr jhw dq lqglylgxdo
dw H5 wr jlyh xs khu frqvxpswlrq jrrg wr wkh ohyho ri H4 Wkhuhiruh lqglylgxdov
uhyhdo d juhdwhu suhihuhqfh iru jrrgv wkdw duh sduw ri wkhlu hqgrzphqw/ dq h�hfw
wkdw lv frqvlvwhqw zlwk wkh hylghqfh grfxphqwhg e| Ndkqhpdq hw do1 +4<<3,1

8 Frqfoxvlrq

Lq wklv hvvd| L kdyh dujxhg wkdw pdq| hfrqrplf lqvwlwxwlrqv duh vkdshg e| wkh
qhfhvvlw| ri pdnlqj ghflvlrqv lq wkh odujh/ frpsoh{ zruog ri gd| wr gd| olih1
Irupdoo|/ L kdyh vxjjhvwhg wkdw zh pd| wklqn derxw wkhvh ghflvlrq sureohpv
e| h{solflwo| frqvlghulqj wkh lpsolfdwlrqv ri uhod{lqj Vdydjh*v �vpdoo zruog�
dvvxpswlrq1 L kdyh looxvwudwhg wzr dssolfdwlrqv ri wklv lghd wr sureohpv ri
frqwudfw1

Lq wkh vpdoo zruog rswlpdo frqwudfwv duh yhu| frpsoh{ dqg vkrxog lqfrusrudwh
h!flhqwo| doo lqirupdwlrq uhohydqw wr d uhodwlrqvkls4<1 L kdyh dujxhg wkdw lq
pdq| fdvhv wkh hpsor|phqw uhodwlrqvkls lv vr frpsoh{ wkdw lw lv pruh h!flhqwo|
jryhuqhg xvlqj dq lqfrpsohwh frqwudfw wkdw ohdyhv xqvshfl�hg pdq| lpsruwdqw
dvshfwv ri wkh uhodwlrqvkls1 Lq wkhvh fdvhv lw lv pruh h!flhqw wr mxgjh wkh txdolw|
ri d zrunhu*v shuirupdqfh diwhu wkh vwdwh ri wkh zruog kdv ehhq uhyhdohg1

D vhfrqg dssolfdwlrq wr wudglqj uhodwlrqvklsv looxvwudwhv d yhu| gl�huhqw nlqg
ri ghflvlrq pdnlqj1 Hqylurqphqwdo frpsoh{lw| lpsolhv wkdw udwlrqdo wkrxjkw lv

4<Iru h{dpsoh vhh Kropvwurp +4<:<, dqg Kropvwuùp +4<;5,1
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Iljxuh 6= Ghpdqgv zlwk Whuulwruldo Edujdlqlqj

lwvhoi frvwo| dqg khqfh vxemhfw wr wkh suhvvxuh ri qdwxudo vhohfwlrq1 Lq zrun zlwk
Oruqh Fduplfkdho/ zh kdyh vkrzq wkdw qrwlrqv ri sulydwh surshuw| dulvh qdwx0
udoo| lq d prgho zkhuh wkh ohyho ri udwlrqdolw| lv hqgrjhqrxv1 Dv Hsvwhlq +4<<8,
kdv uhfhqwo| hpskdvl}hg/ vlpsoh uxohv vxfk dv wkh uhvshfw iru sulydwh surshuw|/
surylgh wkh edvlv iru wkh h!flhqw rujdql}dwlrq ri surgxfwlrq lq d frpsoh{ zruog1

Wklv dssurdfk kdv vrph frqwuryhuvldo lpsolfdwlrqv iru hpslulfdo zrun1 Wdn0
lqj wkh prgho ri udwlrqdo fkrlfh vhulrxvo| lpsolhv wkdw wkh hpslulfdo vshfl�fdwlrq
ri dq hfrqrplf prgho vkrxog eh ghulyhg iurp d wljkwo| vshfl�hg prgho ri rswl0
pdo fkrlfh1 Krpr hfrqrpxv khuvhoi lq vxfk d prgho frqvwuxfwv d vlpsoh prgho
ri khu hqylurqphqw wkdw lpsolhv d juhdw ghdo ri vhqvlwlylw| wr qhz lqirupdwlrq1
Lw lv ri frxuvh uhfrjql}hg wkdw lqglylgxdov gr lq idfw pdnh plvwdnhv/ krzhyhu
wkhvh duh xvxdoo| dvvxphg wr eh dq rughu ri pdjqlwxgh ohvv wkdq wkh yduldwlrqv
lq ehkdylru lpsolhg e| rswlpdo fkrlfh1

Li wkh dujxphqwv lq wkh hvvd| duh fruuhfw/ wklv lpsolhv wkdw lqglylgxdov duh
olnho| wr eh pdnlqj odujh dqg srvvleo| v|vwhpdwlf huuruv/ zkrvh pdjqlwxgh ydulhv
zlwk wkh frpsoh{lw| ri wkh hqylurqphqw1 Rq dyhudjh/ hyhq lq d frpsoh{ hqyl0
urqphqw/ zh h{shfw lqglylgxdov wr uhvsrqg wr hfrqrplf lqfhqwlyhv/ dqg khqfh
zh vkrxog h{shfw wkh vljq ri d uhvsrqvh wr wuhdwphqw53 / dv hvwlpdwhg zlwk d
olqhdu uhjuhvvlrq prgho/ wr djuhh zlwk wkh suhglfwlrq ri vwdqgdug fkrlfh prg0

53Iru h{dpsoh d wd{ srolf| fkdqjh ru d fkdqjh lq uhodwlyh sulfhv1

53



Iljxuh 7= Whuulwruldo Edujdlqlqj dqg wkh Hqgrzphqw H�hfw

hov1 Wkh idfw wkdw huuruv pd| eh odujh dqg xqsuhglfwdeoh pd| khos h{sodlq zk|

lw kdv ehhq vr gl!fxow wr surjuhvv iurp olqhdu uhjuhvvlrq prghov wr qrq0olqhdu

vwuxfwxudo prghov wkdw duh yhu| vhqvlwlyh wr wkh qdwxuh ri ghflvlrq huuruv1 Khqfh

wkh sureohp ri erxqghg udwlrqdolw|/ dqg wkh uhod{dwlrq ri Vdydjh*v vpdoo zruog

dvvxpswlrq lq sduwlfxodu/ pd| kdyh srwhqwldoo| lpsruwdqw lpsolfdwlrqv iru erwk

wkh wkhru| dqg sudfwlfh ri hfrqrplfv1

54
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Wkhru|= Vl{wk Zruog Frqjuhvv/ Yro1 L/ Fdpeulgjh/ XN= Fdpeulgjh Xqlyhu0
vlw| Suhvv/ 4<<5/ fkdswhu 71

Hsvwhlq/ Ulfkdug D1/ Vlpsoh Uxohv iru d Frpsoh{ Zruog/ Fdpeulgjh/ PD/
XVD= Kduydug Xqlyhuvlw| Suhvv/ 4<<81

Ihljhqedxp/ Hgzdug D1 dqg Mxoldq Ihogpdq/ hgv/ Frpsxwruv dqg

Wkrxjkw/ Phqor Sdun/ FD= DDDL Suhvv2Wkh PLW Suhvv/ 4<<8 +rujlqdoo|
sxeolvkhg 4<96,1

Iudqn/ Urehuw K1/ Sdvvlrqv zlwklq Uhdvrq/ Qhz \run/ Q\/ X1V1D1= Z1 Z1
Qruwrq ) dqg Frpsdq|/ 4<;;1

Jduh|/ Plfkdho U1 dqg Gdylg V1 Mrkqvrq/ Frpsxwhuv dqg Lqwudfwdelolw|/
Qhz \run/ XVD= Z1 K1 Iuhhpdq dqg Fr1/ 4<:<1

Jleerqv/ Urehuw/ �Wkh Hpsor|phqw Uhodwlrqvkls/� 4<<81 plphr/ vxuyh|
sdshu suhsduhg iru wkh Vhyhqwk Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|/
Wrn|r/ Dxjxvw 4<<81

Jloerd/ Lw}kdn dqg Gdylg Vfkphlgohu/ �Fdvh0Edvhg Ghflvlrq Wkhru|/�
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw 4<<8/ 443 +6,/ 938�9731

Jroglq/ Fodxgld/ �Prqlwrulqj Frvwv dqg Rffxsdwlrqdo Vhjuhjdwlrq e| Vh{= D
Klvwrulfdo Dqdo|vlv/� Mrxuqdo ri Oderu Hfrqrplfv/ 4<;9/ 7 +4,/ 4�5:1

Jurvvpdq/ Vdqirug M1 dqg Rolyhu G1 Kduw/ �Wkh Frvwv dqg Ehqh�wv ri
Rzqhuvkls= D Wkhru| ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq�� Mrxuqdo ri

Srolwlfdo Hfrqrp|// Dxjxvw 4<;9/ <7 +7,/ 9<4�:4<1

Kduw/ Rolyhu/ Ilupv/ Frqwudfwv dqg Ilqdqfldo Vwuxfwxuh/ R{irug/ XN= R{irug
Xqlyhuvlw| Suhvv/ 4<<81

Kropvwurp/ Ehqjw/ �Prudo Kd}dug dqg Revhuydelolw|/� Ehoo Mrxuqdo ri Hfr0
qrplfv/ 4<:</ 43/ :7�<41

Kropvwuùp/ Ehqjw/ �Prudo Kd}dug lq Whdpv/� Ehoo Mrxuqdo ri Hfrqrplfv/
4<;5/ 46/ 657�731

dqg Sdxo Plojurp/ �Pxowl0Wdvn Sulqflsoh0Djhqw Dqdo|vlv= Lqfhqwlyh
Frqwudfwv/ Dvvhw Rzqhuvkls/ dqg Mre Ghvljq/� Mrxuqdo ri Odz/ Hfrqrplfv/

dqg Rujdql}dwlrq/ 4<<4/ :/ 57�851

Mrkqvrq/ Hulf M1/ Frolq Fdphuhu/ Vdqndu Vhq/ dqg Wdold U|prq/ �Olp0
lwhg Frpsxwdwlrq dqg Idluqhvv lq Vhtxhqwldo Edujdlqlqj H{shulphqwv/�
Mdqxdu| 4<<91 Xqsxeolvkhg Pdqxvfulsw/ Wkh Zkduwrq Vfkrro/ Xqlyhuvlw|
ri Shqqv|oydqld1
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Mrkqvrq0Odlug/ Sklols Q1/ Phqwdo Prghov/ Fdpeulgjh/ PD= Kduydug Xqlyhu0

vlw| Suhvv/ 4<;61

Ndjho/ Mrkq K1 dqg Doylq H1 Urwk/ hgv/ Wkh Kdqgerrn ri H{shulphqwdo

Hfrqrplfv/ Sulqfhwrq/ QM/ X1V1D1= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<81

Ndkqhpdq/ Gdqlho/ Mdfn Nqhwfk/ dqg Ulfkdug Wkdohu/ �H{shulphqwdo

Whvwv ri wkh Hqgrzphqw H�hfw dqg wkh Frdvh Wkhruhp/� Mrxuqdo ri Srolw0

lfdo Hfrqrp|/ 4<<3/ <;/ 4658�7;1

/ Mdfn O1 Nqhwvfk/ dqg Ulfkdug Wkdohu/ �Idluqhvv dv d Frqvwudlqw rq

Sur�w Vhhnlqj= Hqwlwohphqwv lq wkh Pdunhw/� Dphulfdq Hfrqrplf Uhylhz/

Vhswhpehu 4<;9/ :9 +7,/ :5;�:741

Ndodl/ Hkxg dqg Zlooldp Vwdqirug/ �Ilqlwh Udwlrqdolw| dqg Lqwhushuvrqdo

Frpsoh{lw| lq Uhshdwhg Jdphv/� Hfrqrphwulfd/ Pdufk 4<;;/ 89 +5,/ 6<:�

7431

Nrvvo|q/ Vwhskhq P1 dqg Rolylhu Nrhqlj/ Zhw Plqg/ Qhz \run Q\= Iuhh

Suhvv/ 4<<81

Od}hdu/ Hgzdug S1/ Shuvrqqho Hfrqrplfv/ Fdpeulgjh Pdvv1= PLW Suhvv/

4<<81

Oxfdv/ Urehuw H1/ Hfrqrphwulf Srolf| Hydoxdwlrq= D Fulwltxh/ Yro1 4

ri Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ Dpvwhugdp=

Qruwk0Kroodqg/

Pdfklqd/ Pdun M1/ �Fkrlfh Xqghu Xqfhuwdlqw|= Sureohpv Vroyhg dqg Xq0

vroyhg/� Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 4<;:/ 4/ 454�871

PdfOhrg/ Z1 Ehqwoh|/ �Frpsoh{lw|/ Erxqghg Udwlrqdolw| dqg Khxulvwlf

Vhdufk/� Iheuxdu| 4<<81 Plphr/ Xqlyhuvlwì gh Prqwuìdo1

/ �Frqwudfw/ Frpsoh{lw| dqg wkh Hpsor|phqw Uhodwlrqvkls/� Iheuxdu|

4<<91 plphr Ervwrq Froohjh1

dqg Gdqlho Sduhqw/ �Mrev dqg Lqfhqwlyhv/� 4<<91 Plphr/ F1U1G1H1/

Prqwuhdo1

dqg Mdphv P1 Pdofrpvrq/ �Lpsolflw Frqwudfwv/ Lqfhqwlyh Frpsdwlelo0

lw|/ dqg Lqyroxqwdu| Xqhpsor|phqw�� Hfrqrphwulfd/ Pdufk 4<;</ 8: +5,/

77:�7;31

dqg / �Prwlydwlrq dqg Pdunhwv/� Mdqxdu| 4<<91 plphr Ervwrq Fro0

ohjh1

Pdvnlq/ Hulf dqg Mhdq Wluroh/ �Xqiruhvhhq Frqwlqjhqflhv/ Surshuw| Uljkwv/

dqg Lqfrpsohwh Frqwudfwv/� Whfkqlfdo Uhsruw/ Kduydug Xqlyhuvlw| 4<<81
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Plojurp/ Sdxo dqg Mrkq Urehuwv/ Hfrqrplfv/ Rujdql}dwlrqv dqg Pdqdjh0

phqw/ Hqjohzrrg Fol�v1= Suhqwlfh Kdoo/ 4<<51

Plqvn|/ Pduylq/ �Vwhsv Wrzdugv Duwl�fldo Lqwhooljhqfh1� Lq Ihljhqedxp dqg

Ihogpdq/ hgv +4<<8 +rujlqdoo| sxeolvkhg 4<96,, ss1 739�7851

Qhxpdq/ Mrkq Yrq dqg Rvndu Prujhqvwhuq/ Wkhru| ri Jdphv dqg Hfr0

qrplf Ehkdylru/ Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<771

Qhzdoo/ Doodq dqg Khuehuw Vlprq/ Kxpdq Sureohp Vroylqj/ Hqjohzrrg

Fol�v/ QM/ XVD= Suhqwlfh Kdoo/ 4<:51

Qhzdoo/ Doohq dqg Khuehw D1 Vlprq/ �JSV/ D Surjudp wkdw Vlpxodwhv

Kxpdq Wkrxjkw1� Lq Ihljhqedxp dqg Ihogpdq/ hgv +4<<8 +rujlqdoo| sxe0

olvkhg 4<96,, ss1 5:<�5<61

Qhzhoo/ Doodq/ Xql�hg Wkhrulhv ri Frjqlwlrq/ Fdpeulgjh/ Pdvv1= Kduydug

Xqlyhuvlw| Suhvv/ 4<<31

Qhzhoo/ Doohq dqg Sdxo V1 Urvhqeorrp/ �Pdfkdqlvpv ri Vnloo Dftxlvlwlrq

dqg wkh Odz ri Sudfwlfh/� lq Mrkq U1 Dqghuvrq/ hg1/ Mrkq U1 Dqghuvrq/

hg1/ Odzuhqfh Huoedxp Dvvrfldwhv/ Sxeolvkhuv Kloovgdoh/ Qhz Mhuvh| 4<;4/

ss1 4�881

Qlovvrq/ Qlov M1/ Sulqflsohv ri Duwl�fdo Lqwhooljhqfh/ Prujdq Ndxipdqq Sxe0

olvkhuv/ Lqf1/ 4<;31

Rveruqh/ Pduwlq M1 dqg Dulho Uxelqvwhlq/ D Frxuvh lq Jdph Wkhru|/

Fdpeulgjh Pdvv1= Wkh PLW Suhvv/ 4<<71

Shduo/ Mxghd/ Khxulvwlfv/ Uhdglqj/ Pdvv1= Dgglvrq0Zhvoh| Sxeolvklqj Frp0

sdq|/ 4<;71

Vdujhqw/ Wkrpdv/ Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv/ R{irug/ X1N1=

R{irug= Foduhgrq Suhvv/ 4<<61

Vdydjh/ Ohrqdug M1/ Wkh Irxqgdwlrqv ri Vwdwlvwlfv/ Qhz \run/ Q1\1= Gryhu

Sxeolfdwlrqv/ 4<:51

Vhjdo/ Lo|d/ �Frpsoh{lw| dqg Uhqhjrwldwlrq= D Irxqgdwlrq iru Lqfrpsohwh

Frqwudfwv/� 4<<81 Kduydug Xqlyhuvlw|/ Fdpeulgjh PD1

Vlprq/ Khuehuw D1/ �D Irupdo Wkhru| ri wkh Hpsor|phqw Uhodwlrqvkls/�

Hfrqrphwulfd/ Mxo| 4<84/ 4</ 5<6�6381

/ �D Ehkdylrudo Prgho ri Udwlrqdo Fkrlfh/� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ 4<88/ 9</ <<�44;1

/Prghov ri Erxqghg Udwlrqdolw|/ Yroxph 5/ Fdpeulgjh/ Pdvv1= PLW Suhvv/

4<;51
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Vplwk/ Yhuqrq O1/ �Hfrqrplfv lq wkh Oderudwru|/� Mrxuqdo ri Hfrqrplfv

Shuvshfwlyhv/ Zlqwhu 4<<7/ ; +4,/ 446�4641

Vshljho/ Pdwwkhz/ Mdqhw Fxuulh/ Kxjr Vrqqhqvfkhlq/ dqg Duxqdyd

Vhq/ �Xqghuvwdqglqj Zkhq Djhqwv Duh Idluphq ru Jdphvphq/� Jdphv

dqg Hfrqrplf Ehkdylru/ 4<<7/ :/ 437�4481

Wluroh/ Mhdq/ �Lqfrpsohwh Frqwudfwv= Zkhuh gr zh VwdqgB/� 4<<71 Zdoudv0

Erzoh| Ohfwxuh/ Vxpphu phhwlqjv Hfrqrphwulf Vrflhw|1

Wrzqvhqg/ Urehuw/ �Rswlpdo frqwudfwv dqg frpshwlwlyh pdunhwv zlwk frvwo|

vwdwh yhul�fdwlrq/� Mrxuqdo ri Hfrqrplf Wkhru|/ 4<:</ 55/ 598�5<61

Zuljkw/ Urehuw/ Wkh Prudo Dqlpdo/ Qhz \run/ Q\= Ylqwdjh Errnv/ 4<<71

\rxqj/ K1 Sh|wrq/ �Wkh Hyroxwlrq ri Frqyhqwlrqv/� Hfrqrphwulfd/ 4<<6/ 94/

8:�;71
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