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Lq wkh duhd ri Frpsxwdwlrqdo Lqwhooljhqfh vhyhudo dssurdfkhv duh hvwdeolvkhg
iru vroylqj frpsoh{ frpsxwdwlrqdo wdvnv zklfk duh lqvsluhg e| qdwxuh1 Pdlq
gluhfwlrqv duh duwl�fldo qhxudo qhwzrunv/ hyroxwlrqdu| ru jhqhwlf dojrulwkpv/
Ix}}|0dssurdfkhv dqg rwkhu1 Wkh dssolfdwlrqv udqjh iurp foxvwhulqj/ sdwwhuq
uhfrjqlwlrq/ rswlpl}dwlrq dqg rwkhu wr uhdvrqlqj/ gdwd plqlqj dqg nqrzohgjh
glvfryhu|1 D odujh qxpehu ri vshfldol}hg dojrulwkpv zhuh ghyhorshg iru vshfl�f
wdvnv1 Krzhyhu/ riwhq wkh wdvnv uhtxluh wr frpelqh vhyhudo dssurdfkhv zklfk
wkhq duh fdoohg k|eulg v|vwhpv1 Lq wklv sdshu zh zdqw sd| dwwhqwlrq wr vxfk
v|vwhpv zklfk frpelqh hyroxwlrqdu|2jhqhwlf dojrulwkpv zlwk duwl�fldo qhxudo
qhwzrunv1

Wkh duwlfoh lv vwuxfwxuhg dv iroorzv= Lq vhf151 zh vkruwo| uhylhz wkh dfwxdo
vwdwh lq ghyhorsphqw ri k|eulg v|vwhpv frpelqlqj qhxudo dqg hyroxwlrqdu|
sdudgljpv1 Diwhu wklv/ lq vhf161/ zh irfxv rq k|eulg dssurdfkhv frpelqlqj
vhoi0rujdql}lqj pdsv dqg hyroxwlrqdu| dojrulwkpv1
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Duwl�fldo qhxudo qhwzrunv +DQQv, dwwhpsw wr uhsolfdwh wkh frpsxwdwlrqdo
srzhu ri elrorjlfdo qhxudo qhwzrunv dqg vkrxog ohdg wr dojrulwkpv zlwk vrph
ri wkh frjqlwlyh delolwlhv wkdw elrorjlfdo rujdqlvpv srvvhvv ^76`1 Wkh edvlf fkdu0
dfwhulvwlfv duh dgdswdelolw|/ vshhg +gxh wr wkh pdvvlyh sdudooholvp,/ urexvwqhvv/
uxjjhgqhvv dqg rswlpdolw| zlwk uhvshfw wr fhuwdlq fulwhuld1 Wkh ydulrxv qhwzrun
prghov gl�hu lq qhwzrun vwuxfwxuh/ qhxurq +qrgh, fkdudfwhulvwlfv/ ohduqlqj g|0
qdplf uhjduglqj wr wkhlu dssolfdwlrq wdvnv1

Hyroxwlrqdu| dojrulwkpv +HD,4 duh vwrfkdvwlf vhdufk dojrulwkpv zklfk duh
dgdswhg iurp sulqflsohv ri elrorjlfdo hyroxwlrq zrunlqj vlpxowdqhrxvo| rq d
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odujh qxpehu ri srwhqwldo sureohp vroxwlrqv1 Wkhvh vroxwlrqv duh fdoohg lqgl0
ylgxdov1 Wkh rswlpdolw| ri wkh lqglylgxdov iru d vshfl�f wdvnv lv gh�qhg e| d
�wqhvv ixqfwlrq zklfk sod|v wkh uroh ri wkh dvvhvvlqj hqylurqphqw1 Wkh srro ri
lqglylgxdov irup d srsxodwlrq zklfk pd| eh glylghg lqwr lqwhudfwlqj vxesrsx0
odwlrqv1 Frpsuhkhqvlyh irxqgdwlrqv ri HDv duh ^6:` dqg ^77`1

Wkh frpelqdwlrq ri qhxudo qhwzrunv dqg HDv r�huv qhz srvvlelolwlhv wr
lqfuhdvh wkh srzhu ri dgdswlyh dssurdfkhv1 Wzr pdlq gluhfwlrqv fdq eh lghq0
wl�hg= wkh �uvw rqh lv wr dsso| HDv wr rswlpl}h d qhxudo qhwzrun zkhuhdv wkh
vhfrqg rqh ghdov zlwk wkh wudqvihu ri phwkrgv iurp qhxudo qhwzrunv rqwr wkh
iudph zrun ri HDv1 Dv srlqwhg rxw lq ^76` wkh odwwhu fdvh lv qrw |hw h{soruhg1

Wkh dssolfdwlrq ri HDv iru shuirupdqfh lpsuryhphqw ri qhxudo qhwzrunv kdv
d orqj wudglwlrq +iru d frpsdfw ryhuylhz zh uhihu wr ^4:`/^6:`/^76`/^95`/^96`,1 Wkh
prvw ghyhorsphqwv frqvlghu wkh rswlpl}dwlrq ri wkh qhwzrun wrsrorj| zklfk lv
d fuxfldo srlqw lq qhwzrun ghvljq ^57`1 Wkh kdughvw olplwdwlrqv wkhuhe| lv wkh
odujh wudlqlqj h�ruw= lq hdfk jhqhudwlrq vwhs ri wkh HD doo lqglylgxdov uhsuh0
vhqwlqj dq qhxudo qhwzrun kdyh wr eh wudlqhg dffruglqj wkh uhvshfwlyh ohduqlqj
dojrulwkp1 Iuhtxhqwo|/ wkh edfnsursdjdwlrq qhwzrun lv lqyhvwljdwhg ehfdxvh
lwv odujh qxpehu ri dssolfdwlrqv ^6;`/^7;`/^83`/^97`1 Krzhyhu/ hvshfldoo| iru wklv
qhwzrun w|sh wkh kljk ohduqlqj h�ruw lv zhoo nqrzq ^57`1 Exw dovr rwkhu qhw0
zrun ghvljqv zkhuh ghyhorshg xvlqj hyroxwlrqdu| dojrulwkpv= uhfxuuhqw qhxudo
qhwzrunv ^5`/ jhqhudo dv|pphwulf qhxudo qhwzrunv ^;`/ kljk rughuhg qhxudo qhw0
zrunv ^47`/ fhooxodu qhxudo qhwzrunv ^74`/ Krs�hog qhwzrun ^75`/ vsduvh ihhgiru0
zdug qhxudo qhwzrunv ^7<` ru udgldo edvlv ixqfwlrq qhwzrunv ^94`1 Wkh zlgho|
udqjhg vhoi0rujdql}lqj pds zdv dovr frqvlghuhg1 Zh zloo frqfhqwudwh rq wklv
qhwzrun w|sh lq wkh qh{w vhfwlrq/ vhsdudwho|1

Ehvlgh wkh wrsrorj| +vwuxfwxuh, ghvljq ri qhxudo qhwzrunv wkhuh h{lvw d ihz
qxpehu ri sdshuv wr dssolfdwlrq ri hyroxwlrqdu| dojrulwkpv wr ohduqlqj lq qhxudo
qhwzrunv ^5<`/^68`/^86`/^87`1 Wkh xvdjh ri HDv iru wudlqlqj pd| eh khosixoo| lq
dyrlglqj orfdo plqlpd lq ohduqlqj g|qdplfv dv srlqwhg rxw lq ^86`1 \hw/ d jhqhudo
dgydqwdjh lv qrw uhfrjql}deoh ehfdxvh ri wkh �qh wxqhg qhxudo ohduqlqj vfkhphv1
Lq jhqhudo/ HDv jlyhv dq dgydqwdjh rqo| li vshfldol}hg ohduqlqj dojrulwkpv iru
joredo hqhuj| ixqfwlrq plqlpl}dwlrqv duh qrwh dydlodeoh ^6`/^77`1
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Ohw xv qrz frqvlghu lq pruh ghwdlo k|eulg dssurdfkhv zklfk h{solflwo| frpelqh
HDv zlwk Vhoi0rujdql}lqj pdsv +VRP,1 Lq wklv duhd zh �qg doo gluhfwlrqv ri
frpelqdwlrqv= hyroxwlrqdu| ghvljq ri VRPv/ hyroxwlrqdu| zhljkw dgdswdwlrq
dqg dssolfdwlrq ri VRP ohduqlqj vwudwhjlhv iru lqfuhdvlqj ri frqyhujhqfh vshhg
lq HDv1 Iluvw/ iru fodul�fdwlrq zh vkruwo| lqwurgxfh wkh edvlf frqfhswv ri vhoi0
rujdql}lqj pdsv=

���� ����������� ��� !�"�

Vhoi0rujdql}lqj pdsv ^63` dv d vshfldo nlqg ri qhxudo pdsv surmhfw gdwd iurp
vrph +srvvleo| kljk0glphqvlrqdo, lqsxw vsdfh Y � ?GY rqwr d srvlwlrq lq vrph
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rxwsxw vsdfh +qhxudo pds, D/ vxfk wkdw d frqwlqxrxv fkdqjh ri d sdudphwhu ri
wkh lqsxw gdwd vkrxog ohdg wr d frqwlqxrxv fkdqjh ri wkh srvlwlrq ri d orfdol}hg
h{flwdwlrq lq wkh qhxudo pds1 Wklv surshuw| ri qhljkerukrrg suhvhuydwlrq gh0
shqgv rq dq lpsruwdqw ihdwxuh ri wkh VRP/ lwv rxwsxw vsdfh wrsrorj|/ zklfk
kdv wr eh vshfl�hg sulru wr ohduqlqj1 Xvxdoo| wkh wrsrorj| lv fkrvhq k|shufx0
elfdoo|1 Wklv fdq eh fdvw lq d irupdo zd| e| zulwlqj wkh rxwsxw vsdfh srvlwlrqv
dv u @ +l4> l5> l6> ===> lqm

,/ 4 ? ln ? qn zlwk Q @ q4 � q5 � === � qm zkhuh qn/
n @ 4> ===> m lv wkh glphqvlrq ri D +wkh ohqjwk ri wkh hgjh ri wkh odwwlfh, lq wkh
nwk gluhfwlrq 15 Dvvrfldwhg zlwk hdfk qhxurq u 5 D/ lv d zhljkw yhfwru/ ru
srlqwhu/ z

u
lq Y 1 Wkh pdsslqj �Y$D lv uhdol}hg e| d zlqqhu wdnh doo uxoh

�Y$D = y :$ v @ dujplq
u5D

ny�zun +4,

zkhuhdv wkh uhyhuvh pdsslqj lv gh�qhg dv �D$Y = u :$ zu1 Wkh wzr ixqfwlrqv
wrjhwkhu ghwhuplqh wkh pds P @ +�Y$D>�D$Y, uhdol}hg e| wkh VRP qhw0

zrun1 Doo gdwd srlqwv y 5 ?GY wkdw duh pdsshg rqwr wkh qhxurq u pdnh xs
lwv uhfhswlyh �hog a
u1 Wkh pdvnhg uhfhswlyh �hog ri qhxurq u lv gh�qhg dv wkh
lqwhuvhfwlrq ri lwv uhfhswlyh �hog zlwk Y =


u @ iy 5Y = u @ �Y$D +y,j 1 +5,

Wkhuhiruh/ wkh pdvnhg uhfhswlyh �hogv 

u
duh forvhg vhwv1 Doo pdvnhg uhfhswlyh

�hogv irup wkh Yrurqrl whvvhodwlrq ri Y 1 Li wkh lqwhuvhfwlrq ri wzr pdvnhg uhfhs0
wlyh �hogv 


u
/ 


u
3 lv qrq0ydqlvklqj zh fdoo 


u
dqg 


u
3 qhljkeruhg1 Wkh qhljk0

erukrrg uhodwlrqv irup d fruuhvsrqglqj judsk vwuxfwxuh JY lq D= wzr qhxurqv
duh frqqhfwhg lq JY li dqg rqo| li wkhlu pdvnhg uhfhswlyh �hogv duh qhljkeruhg1
Wkh judsk JY lv fdoohg wkh lqgxfhg Ghodxqd|0judsk +Vhh/ iru h{dpsoh/ ^69` iru
ghwdlohg gh�qlwlrqv,1 Ehfdxvh ri wkh elmhfwlyh uhodwlrq ehwzhhq qhxurqv dqg
zhljkw yhfwruv JY dovr uhsuhvhqwv wkh Ghodxqd| judsk ri wkh zhljkwv1

Wr dfklhyh wkh pds P/ VRPv dgdsw wkh srlqwhu srvlwlrqv gxulqj wkh suh0
vhqwdwlrq ri d vhtxhqfh ri gdwd srlqwv y 5Y vhohfwhg iurp d gdwd glvwulexwlrq
S +Y,/ dv iroorzv=

7z
u
@ �k

uv
+y�z

u
, = +6,

kuv lv wkh qhljkerukrrg ixqfwlrq/ xvxdoo| fkrvhq wr eh ri Jdxvvldq vkdsh=

k
uv

@ h{s

#
�
nu� vn

5

5�5

$
+7,

Qrwh wkdw k
uv

lv ghshqghqw rq wkh ehvw pdwfklqj qhxurq +4,1
Wrsrorj| suhvhuydwlrq lq VRPv lv gh�qhg dv wkh suhvhuydwlrq ri wkh frqwlqx0

lw| ri wkh pdsslqj iurp wkh lqsxw vsdfh rqwr wkh rxwsxw vsdfh/ pruh suhflvho|
lw lv htxlydohqw wr wkh frqwlqxlw| ri P ehwzhhq wkh wrsrorjlfdo vsdfhv zlwk
surshuo| fkrvhq phwulf lq erwk D dqg Y 1 Iru odfn ri vsdfh zh uhihu wr ^8<`
iru ghwdlohg frqvlghudwlrqv1 Wkh wrsrorj| suhvhuylqj surshuw| fdq eh xvhg iru
lpphgldwh hydoxdwlrqv ri wkh uhvxowlqj pds1 Wrsrorj| suhvhuydwlrq dovr do0
orzv wkh dssolfdwlrqv ri lqwhusrodwlqj vfkhphv vxfk dv wkh sdudphwul}hg VRP
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+SVRP, ^7:` ru lqwhusrodwlqj VRP +L0VRP, ^4<`1 D kljkhu ghjuhh ri wrsrorj|
suhvhuydwlrq/ lq jhqhudo/ lpsuryhv wkh dffxudf| ri wkh pds ^9`1 Wkhuh h{lvw d
orw ri phdvxuh wr ghwhuplqh wkh ghjuhh ri wrsrorj| suhvhuydwlrq1 Dq ryhuylhz
lv jlyhq lq ^8`1
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615141 Vwuxfwxuh Dgdswdwlrq lq VRP e| Hyroxwlrqdu| Dojrulwkpv

D fuxfldo exw vwurqjo| ghpdqghg ihdwxuh ri VRP lv wkh deryh phqwlrqhg surs0
huw| ri wrsrorj| suhvhuydwlrq1 Krzhyhu/ li wkh vkdsh ri wkh lqsxw vsdfh Y grhv
qrw pdwfk wkh vwuxfwxuh ri wkh odwwlfh D ylrodwlrqv ri wrsrorj| suhvhuydwlrq
duh lqhylwdeoh ^8<`1 Vhyhudo h{whqvlrqv ri wkh xvxdo VRP zhuh ghyhorshg wr
ryhufrph wklv sureohp= jurzlqj fhoo vwuxfwxuhv +JFV, ^4;`/ wkh jurzlqj VRP
+JVRP, ^:` hwf1 Wkh glvdgydqwdjhv ri wkhvh dojrulwkpv frqvlvw lq vorzo| lq0
fuhdvlqj qxpehu ri qhxurqv +JFV, ru uhpdlqlqj k|shufxeh vwuxfwxuh +JVRP,1

Wkhuhiruh/ HDv zhuh dssolhg wr vwuxfwxuh rswlpl}dwlrq ^54`/^78`/^79`1 Iru
wklv sxusrvh wkh odwwlfh vwuxfwxuh ri D lv gh�qhg yld d frqqhfwlylw| pdwul{ JD
uhsuhvhqwlqj wkh judsk vwuxfwxuh/ l1h1 JD +u> u3, @ 4 li dqg rqo| li u dqg u

3

duh frqqhfwhg lq D hovhzkhuh JD +u> u3, @ 31 Khqfh/ wkh lqglfhv ri qhxurqv
rqo| gh�qh wkh srvlwlrqv lq wkh qhxurq vsdfh1 Qrz/ hdfk lqglylgxdo lq dq HD
vfkhph frghv rqh srvvleoh frqqhfwlylw| judsk1 Wkh HD jhqhudwhv qhz judskv/
wkh uhvshfwlyh VRPv duh wudlqhg dffruglqj wkh xvxdo ohduqlqj uxoh +4, dqg
dvvhvvhg e| d wrsrorj| suhvhuydwlrq phdvxuh vhuylqj dv �wqhvv ixqfwlrq1 Dv
d uhpdlqlqj sureohp zh kdyh wkh odujh frpsxwdwlrqdo h�ruw gxh wr wkh wlph
frqvxplqj qhwzrun ohduqlqj1 D uhgxfwlrq ri wlph fdq eh dfklhyhg e| xvdjh ri
sdudooho whfkqltxhv1

615151 Hyroxwlrqdu| Zhljkw dgdswdwlrq

Rwkhu dxwkruv lqyhvwljdwh wkh zhljkw dgdswdwlrq e| hyroxwlrq uhsodflqj wkh
ruljlqdo ohduqlqj g|qdplf +4,1 Dv srlqwhg rxw lq e| lN�NAjA lq ^63` rqh fdq
wdnh wkh ohduqlqj g|qdplf dv dq hyroylqj v|vwhp1 Zh nqrz wzr lqghshqghqwo|
ghyhorshg exw qhduo| lghqwlfdo uhdol}dwlrqv ^64` dqg ^73` wkh �uvw rqh sxeolvkhg
e| lN�NAjA lwvhoi1 Ruljlqdoo|/ wkh hyroxwlrqdu| VRP lv ghvljqhg iru k|shu0
fxelfdo odwwlfh vwuxfwxuhv1 Krzhyhu/ lw fdq hdvlo| eh jhqhudol}hg wr duelwudu|
judsk vwuxfwxuhv JD1

Ohw xv ghqrwh e| VU +u, d vxejudsk ri JD dvvljqhg wr fhuwdlq qrghv u vxfk
wkdw iru d jlyhq udglxv U wkh qrghv u3 zlwk glvwdqfh gJD +u> u3, 1 U ehorqj wr
VU +u,1 Qrz wkh hyroxwlrq iru d jlyhq lqsxw y lv uhdol}hg e| wkh iroorzlqj vwhsv=

41 ghwhuplqh wkh zlqqlqj qhxurq v dffruglqj 4 dqg wkh uhvshfwlyh vxejudsk
VU +v,

51 slfn xs udqgrpo| q +U, qrghv dv srsxodwlrq iru HD

61 shuirup rqh hyroxwlrq vwhs +uhfrpelqdwlrq2pxwdwlrq dqg vhohfwlrq, zlwk
+4, vhuylqj dv �wqhvv ixqfwlrq

Wkhuhe|/ U dqg/ khqfh/ q +U, ghfuhdvhv gxulqj pds hyroxwlrq dv lq wkh
ruljlqdo VRP wkh qhljkerukrrg udqjh �1 Wkh ruljlqdo ohduqlqj udwh � fdq eh
wdnhq dv d vfdolqj ydoxh ri wkh yduldqfh iru wkh pxwdwlrq1
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616141 Frqyhujhqfh Lpsuryhphqw e| Qhljkerukrrg Uhodwhg Jh0
qhwlf Rshudwlrqv

Wkh froohfwlyh qhljkerukrrg rulhqwhg ohduqlqj vfkhph ri VRPv fdq eh wudqv0
ihuuhg wr wkh hyroxwlrq surfhvv lq HDv1 Wkh lqglylgxdov duh qrz sodfhg rq
odwwlfh srvlwlrqv dffruglqj wr wkh VRP dssurdfk1 Lq wkh dssurdfk surylghg
e| Q��tj d qhz jhqhwlf rshudwru lv lqwurgxfhg/ fdoohg qhljkerukrrg dwwudfwlrq
rshudwru/ zklfk fduulhv rxw d gluhfwhg yduldwlrq ri wkh lqglylgxdo lq gluhfwlrq
ri lwv �wwhvw qhljkeru ^5:`/^5;`1 Wkh uhvxowlqj HD g|qdplf lv dffhohudwhg lq
frpsdulvrq wr xvxdo yduldwlrq e| wudglwlrqdo +udqgrp, uhfrpelqdwlrq1

CN|�<w�Ni�AW5 dovr lqfrusrudwhg qhljkerukrrg lqirupdwlrqv lqwr wkh HD
g|qdplf ^88`1 Wkh vshfl�f wdvn zdv wr �qg vlpxowdqhrxvo| wkh pd{lpxp ri d
idplo| ri sdudphwul}hg ixqfwlrqv is +{, = ?

q $ ?/ zkhuhe| s 5 S �?p lv d
frqwlqxrxvo| ydu|lqj sdudphwhu odeholqj iru wkh gl�huhqw ixqfwlrqv1 Lq rwkhu
zrugv= zh duh vhhnlqj iru pdsslqj [ +s, = ?p $ ?q vxfk wkdw is +{, lv pd{0
lpxp iru hdfk ydoxh s1 Qrz wkh dxwkruv vxjjhvwhg wr sduwlwlrq wkh vsdfh S
lqwr uhjlrqv Sl xvlqj d VRP dqg dvvljqlqj wr hdfk uhjlrq d vxesrsxodwlrq ri
lqglylgxdov iru HD wr pd{lpl}h wkh uhvshfwlyh ixqfwlrq is +{,1 Khqfh/ d qhljk0
erukrrg uhodwlrq ehwzhhq wkh vxesrsxodwlrqv lv lqgxfhg e| wkh VRP vwuxfwxuh1
Wkhuhe| d uhfrpelqdwlrq ri lqglylgxdov ehwzhhq qhljkeruhg vxesrsxodwlrqv lv
doorzhg zklfk djdlq fruuhvsrqg wr d qhljkerukrrg rulhqwhg froohfwlyh dgdswd0
wlrq1 Krzhyhu/ ehfdxvh ri wkh xqnqrzq vwuxfwxuh ri S dqg wkh fruuhvsrqglqj
gl�fxowlhv lq wrsrorj| suhvhuylqj pdsslqj e| VRPv d ehwwhu zd| zrxog eh
wr xvh wkh wrsrorj| uhsuhvhqwlqj qhxudo qhwzrun +WUQ, ^69`1 Wkh WUQ dxwr0
pdwlfdoo| ghwhuplqhv wkh wrsrorjlfdo vwuxfwxuh lq S lqgxfh wkh qhljkerukrrg
uhodwlrqv ehwzhhq wkh vxesrsxodwlrqv1

616151 VRP0olnh pljudwlrq iru vxesrsxodwlrqv

Lq wkh suhylrxv vhfwlrq zh rqo| frqvlghuhg wkh frqyhujhqfh vshhgxs uhvxow0
lqj iurp wkh frqvlghudwlrq ri +qhduhvw, qhljkeruhg lqglylgxdov2vxesrsxodwlrqv1
Wklv vfkhph fdq eh ixuwkhu jhqhudol}hg=

Zh qrz frqvlghu d pxowlsoh vxesrsxodwlrq dssurdfk zlwk d vhw � ri vxe0
srsxodwlrqv �l dovr nqrzq dv lvodqg prgho ^6:`1 Lq wkh suhvhqw dssurdfk wkh
edvlf qhz srlqw lv wkdw wkh vhw � ri vxesrsxodwlrqv lv duudqjhg rq d wrsrorjl0
fdo vwuxfwxuh 
1 Pxowlsoh vxesrsxodwlrq dssurdfkhv duh h{whqvlyho| frqvlghuhg
e| �BA|����B5 ^43`/^45`/^44`/^46`/ dqg rwkhuv ^6:`/^6<`/^66`/^77`1 Xvxdoo|/ lq wkh
prvw dssurdfkhv 
 lv wr eh fkrvhq ri vlpsoh wzr0glphqvlrqdo vkdsh lq djuhh0
phqw zlwk elrorjlfdo pljudwlrq v|vwhpv +lvodqg prgho,1 Gxulqj wkh hydoxdwlrq
lqglylgxdov fdq pljudwh wr vxesrsxodwlrqv zlwklq d fhuwdlq �{hg qhljkerukrrg
udqjh dffruglqj 
1 Wkh vpdoo pljudwlrq udwh lv dozd|v frqvwdqw1 Wkhuhe|/ pl0
judwlrq phdqv lq rxu dssurdfk wkdw dq lqglylgxdo ri rqh vxesrsxodwlrq ylvlwv
dq rwkhu vxesrsxodwlrq iru d vkruw wlph +d ihz jhqhudwlrq vwhsv, wr vkduh wkh
jhqhwlf lqirupdwlrq gxulqj wklv wlph zlwk wkh phpehuv ri wkh ylvlwhg vxesrs0
xodwlrq 61

�vi|c |�ihi @hi _�gihi?| hi@*�3@|�L? Lu 4�}h@|�L? hiTLh|i_� �? L|�ih �@) �t |L t�Mt|�|�|i
4i4Miht uhL4 @ t�MTLT�*@|�L? M) |�i 4�}h@|�?} �?_���_�@*t� 6Lh @? @?@*)t�t Lu |��t !�?_ Lu
4�}h@|�L? �i hiuih |L d�2o�
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Iljxuh 4= H{hpsodu| sorw ri wkh qhljkerukrrg ixqfwlrq kl� +w> n, iurp ht1+515,
ghwhuplqlqj wkh pljudwlrq vfkhph lq ghshqghqfh rq wlph w dqg qhljkerukrrg
udqn u
l�>n iurp ht1 +514, iru d vlpsoh ulqj wrsrorj|1 Khuh/ �k @ 31

Zh idyrxu d g|qdplf qhljkerukrrg ghshqghqw pljudwlrq vfkhph1 Ohw eh
jlyhq d vwuxfwxuh judsk J
 uhsuhvhqwlqj wkh wrsrorjlfdo uhodwlrqv lq 
1 Wr hdfk
qrgh l lq J
 lv dvvljqhg d vxesrsxodwlrq �l1 Khqfh/ zh fdq gh�qh wkh udqn ri
qhljkerukrrg iru dq dfwxdoo| frqvlghuhg vxesrsxodwlrq �l� wr dqrwkhu vxesrs0
xodwlrq �n dffruglqj wr wkh wrsrorjlfdo rughu lq � dv udqn ri qhljkerukrrg=

u
l�>n @ udqn +�l� >�n>
, +8,

zlwk udqn +�l� >�n>J
, lv gh�qhg dv wkh plqlpdo sdwk ohqjwk lq wkh judsk J
1
Qrz wkh pljudwlrq vfkhph fdq eh lpsohphqwhg orfdoo| edvhg rq wkh qhljk0
erukrrg uhodwlrqv ehwzhhq wkh vxesrsxodwlrqv ghwhuplqhg e| d qhljkerukrrg
ixqfwlrq k zklfk lv prwlydwhg e| wkh qhljkerukrrg ixqfwlrq lq VRPv ^8;`1 Wkh
qhljkerukrrg ixqfwlrq lv ghfuhdvlqj lq erwk qhljkerukrrg udqn dqg wlph=

kl� +w> n, @ +4=3� �k, � h{s

#
�

u
l�>n

5 +�k +w,,
5

$
. �k +9,

zlwk d vpdoo srvlwlyh frqvwdqw �k1 Lq wklv zd| wkh ghjuhh ri qhljkerukrrg eh0
frphv g|qdplfdoo|1 Ehfdxvh ri kl� +w> n, 5 +3> 4` zh lpphgldwho| fdq lqwhusuhw
kl� +w> n, dv d suredelolw| iru pljudwlrq ri dq lqglylgxdo ri wkh vxesrsxodwlrq
�n lqwr wkh dfwxdo hydoxdwhg �l� 1 Gxulqj wkh hydoxdwlrq ri d fhuwdlq vxesrsx0
odwlrq �l� wkh qhljkerukrrg ixqfwlrq k lv dssolhg wr ghwhuplqh wkh qxpehu ri
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ylvlwlqj lqglylgxdov iurp hdfk rwkhu vxesrsxodwlrq1 Dw wkh ehjlqqlqj w3 ri wkh
hyroxwlrq surfhvv wkh udqjh ri wkh qhljkerukrrg qhduo| frpsulvhv wkh frpsohwh
vhw ri vxesrsxodwlrqv dqg ghfuhdvhv h{srqhqwldoo| gxulqj wkh wlph ghwhuplqhg
e| wkh qhljkerukrrg udqjh

�k +w, $
w$4

3 +:,

lq +9, +vhh Ilj1 4,1 Lq wklv zd|/ �k ghwhuplqhv d fkdudfwhulvwlf vfdoh iru wkh
udqjh ri wkh lqirupdwlrq �rz1

Iroorzlqj wklv dssurdfk rqh fdq wdnh wkh lqglylgxdov ri doo vxesrsxodwlrqv dw
wkh ehjlqqlqj dv dq xqlirup srsxodwlrq zklfk shuirupv d �uvw urxjk dgdswdwlrq
surfhvv1 Gxulqj wkh ixuwkhu ghyhorsphqw wkh ydulrxv vxesrsxodwlrqv ehfrph
pruh dqg pruh vhsdudwhg iurp hdfk rwkhu dqg/ khqfh/ vhdufk lq gl�huhqw uhjlrqv
ri wkh vroxwlrq vsdfh1 Rq wkh rwkhu kdqg/ �k lq +9, suhvhuyhv d uhpdlqlqj
suredelolw| iru pljudwlrq1 Lq wklv zd| rqh kdv d qrq~ydqlvklqj lqirupdwlrq
�rz wkurxjk wkh wrsrorjlfdo rughuhg vhw � ri vxesrsxodwlrqv1 Li rqh fkrrvhv
kl� +w> n, @ kl� +n, lqghshqghqw rq wlph w dqg/ ixuwkhupruh/

kl� +n, @

+
k� iru n � n�

3 hovh
+;,

iru d fhuwdlq �{hg n� dqg k� 5 +3> 4` zh fdq lghqwli| n� dv wkh ghjuhh ri qhljk0
erukrrg lq wkh Fdqwx0S�d} hduo| dssurdfk ^43` zkhuhdv k� lv wkh qrz frqvwdqw
pljudwlrq udwh1 Lq odwhu dssurdfkhv Fdqwx0S�d} dovr lqwurgxfhg d wlph ghshq0
ghqw ghjuhh ri qhljkerukrrg zklfk lv dgdswhg dffruglqj wr wkh �wqhvv ri wkh
lqglylgxdov zlwklq wkh vxesrsxodwlrqv ^44`1 Krzhyhu/ wkh ghwhuplqdwlrq ri wklv
ydoxh lv frpsxwdwlrqdo h{sdqvlyh1 Khqfh/ rxu deryh lqwurgxfhg qhljkerukrrg
ixqfwlrq dyrlgv wklv frpsxwdwlrqdo frvwv1

Wklv dssurdfk ri �uvw urxjk dgdswdwlrq ri qhljkerulqj vxesrsxodwlrqv wr0
jhwkhu zlwk d pruh �qh wxqlqj lq wkh ixuwkhu surfhvv e| pruh dqg pruh exw
qrw frpsohwho| lqghshqghqw vxesrsxodwlrqv duudqjhg rq d wrsrorjlfdo vwuxf0
wxuh dffruglqj wr d qhljkerukrrg ixqfwlrq lv dq dqdorj| wr wkh VRP0ohduqlqj
vwudwhj|= d �uvw urxjk dgdswdwlrq ri wkh qhxurq zhljkwv wdnhv sodfh fkdqjlqj
wr d suhflvh dgmxvwphqw vlpxowdqhrxvo| zlwk orrvlqj wkh vwurqj qhljkerukrrg
frqglwlrqv lq wkh odwwlfh ^8<`1

Dv vkrzq lq wkh dssolfdwlrqv ehorz/ wklv g|qdplf pljudwlrq vfkhph dffhohu0
dwhv wkh dgdswdwlrq surfhvv/ hvshfldoo|/ li wkh vhdufk vsdfh srvvhvvhv pdq| orfdo
plqlpd ^6:` +vhh vhfw1 616151,1 Pruhryhu/ li d pxowlsoh surfhvvru v|vwhp iru
lqvwdqwldwlqj lv xvhg lq sdudooho frpsxwlqj/ wkh frppxqlfdwlrq ryhukhdg fdq
eh gudvwlfdoo| uhgxfhg lq frpsdulvrq wr wkh ryhudoo frppxqlfdwlrq vfkhph1
Wkhuhe|/ zh xqghuolqh wzr lpsruwdqw exw gl�huhqw vshhg xs idfwruv= Wkh �uvw
rqh lv wkdw wkh frppxqlfdwlrq udwh lv uhgxfhg dffruglqj wr wkh ghfuhdvlqj pl0
judwlrq suredelolw| ghwhuplqhg e| +9, dqg +:,1 Rq wkh rwkhu kdqg/ dv phqwlrqhg
deryh/ rqo| d orfdo frppxqlfdwlrq wdnhv sodfh li wkh dgdswdwlrq surfhvv lv lq wkh
orqj frqyhujhqfh skdvh ehfdxvh ri wkh h{srqhqwldoo| ghfuhdvlqj qhljkerukrrg
udqjh �k1 Khqfh/ wkh vhyhudo surfhvvruv fdq frppxqlfdwh orfdoo| rqo| zlwk
wrsrorjlfdo qhljkeruv zklfk uhgxfhv wkh frppxqlfdwlrq ryhukhdg ^46`/^84`/^93`1

Dssolfdwlrq ri wkh HD zlwk VRP0olnh pljudwlrq iru foxvwhulqj wdvnv
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Foxvwhulqj ri glvvlplodulw| gdwd lq sv|fkrwkhuds| uhvhdufk Lq wkh
iroorzlqj zh ghprqvwudwh wkh dssolfdwlrq ri HDv iru foxvwhulqj ri fdwhjrulfdo
gdwd lq sv|fkrorj| uhvhdufk1 Wkhuhe| zh zloo vwxg| vrph surshuwlhv ri wkh
deryh lqwurgxfhg pljudwlrq vfkhph1 Ehvlgh wkh pljudwlrq vfkhph khuh zh dovr
kdyh wr sd| dwwhqwlrq wr wkh dvshfw ri d surshu fkrlfh ri wkh �wqhvv ixqfwlrq iru
foxvwhulqj ri glvvlplodulwlhv1 Wkh foxvwhulqj ri glvvlplodulwlhv lv uhfhqwo| vwxglhg
lq ^<`/^55`/^59`/^53` r�hulqj qhz shuvshfwlyhv iru dssolfdwlrq1 D uhvshfwlyh hqhuj|
ixqfwlrq zdv irxqg ^89`=

I @
4

5

4

P oq+fpd{,�
4� fpd{

P

� P[
l@4

P[
n@4

Gl>n

P

#
fpd{[
y@4

xl>yxn>y
sy

� 4

$
+<,

zlwk sy @
SP

l@4 xl>y@P wkh qrupdol}hg shufhqwdjh ri wkh gdwd lq wkdw foxvwhu
dqg P wkh qxpehu ri gdwd dqg h{solflwo| wdnlqj wkh qxpehu ri foxvwhuv lqwr
dffrxqw1 Wkh ydoxhv Gl>n duh wkh glvvlplodulwlhv ehwzhhq wkh gdwd srlqwv1 Wkh
xl>y0ydoxhv duh wkh +ix}}|, foxvwhu dvvljqphqwv1 I vhuyhv dv d frvw ixqfwlrq dqg
kdv wr eh plqlpl}hg1 Dv srlqwhg rxw lq ^59`/^53` I lv lqghshqghqw rq qrq0
v|pphwulf glvvlplodulwlhv dqg shupxwdwlrqv ri wkh foxvwhu lqglfhv1 Pruhryhu/
wkh foxvwhu dvvljqphqwv xl>y duh glvwulexwhg dffruglqj wr wkh Jleev glvwulexwlrq

S +I, @ h{s
�
�
I�I+I,

W

�
zkhuhe| W sod|v wkh uroh ri d whpshudwxuh/ dqg I +I,

lv wkh iuhh hqhuj|1 \hw/ ehfdxvh ri wkh vwdwlvwlfdo ghshqghqfh ri wkh dvvljqphqwv
wkh Jleev glvwulexwlrq S +I, fdq qrw eh h{dfwo| uhzulwwhq lq d idfwrul}hg irup/
krzhyhu d phdq �hog dssur{lpdwlrq dqg fruuhfwlrqv wr wkh dvvljqphqw fruuhod0
wlrqv kdv ehhq ghulyhg ^59`1 Dv lw vkrzq lq ^53` lw lv srvvleoh wr plqlpl}h I e|
vlpxodwhg dqqhdolqj1 \hw/ lw lv gl�fxow wr jhqhudwh d fduhixo dqqhdolqj vfkhph/
ehfdxvh wkh ri wkh odujh qxpehu ri orfdo plqlpd1 D srvvlelolw| iru frqyhujhqfh
lpsuryhphqw lv wkh dssolfdwlrq ri hyroxwlrqdu| dojrulwkpv wr rswlpl}h I ^8:`1

Lq vrfldo vflhqfh dqg sv|fkrorj| riwhq fdwhjrulfdo gdwd kdyh wr eh foxvwhuhg
zklfk vrph wlphv fdq eh wudqviruphg lqwr glvvlplodulw| gdwd ^4`1 Dv dq h{dp0
soh zh frqvlghu wkh prvw iuhtxhqwo| xvhg phwkrg iru dftxlvlwlrq ri vwuxfwxuhv
ri lqwhushuvrqdo uhodwlrqvklsv lq wkh duhd ri sv|fkr~g|qdplf sv|fkrwkhuds| uh0
vhdufk= wkh *Fruh Frq�lfwxdo Uhodwlrqvkls Wkhph* +FFUW, ^67`1 Wkh phwkrg
lqyhvwljdwhv vkruw vwrulhv +hslvrghv, derxw uhodwlrqvklsv zklfk duh riwhq uh0
sruwhg e| wkh sdwlhqwv lq wkhlu wkhudshxwlf vhvvlrqv1 Wkhvh hslvrghv duh frghg
lq frpsrqhqwv zlvk ri wkh vxemhfw/ uhvsrqvh ri wkh remhfw dqg uhvsrqvh ri wkh
vxemhfw xvlqj d vwdqgdugl}hg fdwhjru| v|vwhp1 Zh kdyh vzpd{ @ 67 vwdqgdug
fdwhjrulhv Vz

m 5 Vz wr fodvvli| wkh zlvkhv/ vur
pd{

@ 63 fdwhjrulhv Vur
m 5 Vur

iru hqfrglqj wkh uhvsrqvh ri erwk wkh remhfw dqg vxemhfw ^48`/ uhvshfwlyho|1
Wkh fdwhjrulhv duh froohfwhg lq fz

pd{
@ ; foxvwhuv Fz

n 5 Fz/ fur
pd{

@ ; foxvwhuv
Fur
n 5 Fur dqg fur

pd{
@ ; foxvwhuv Fuv

n 5 Fuv dffruglqj wkhlu phdqlqj ^7`1 Vhy0
hudo frqvlghudwlrqv kdyh vkrzq wkdw wkh xvhg vfkhph ri dvvljqphqw vwloo ohdgv
wr xqvdwlvidfwru| uholdelolw| udwhv ehfdxvh wkh foxvwhu duh qrw zhoo vhsdudwhg ^4`1
Iru vroylqj wkh uh0foxvwhulqj sureohp ri vwdqgdug fdwhjrulhv dw �uvw zh ghwhu0
plqhg wkh vlplodulwlhv ehwzhhq wkh vwdqgdug fdwhjrulhv Vz

l / V
z
m rq wkh edvlv ri

wkhlu +v|pphwulf, frqglwlrqdo suredelolwlhv sz +l m m, rewdlqhg iurp dq h{whuqdo
vwxg| ^4` +lq dqdorj| sur +l m m,/ suv +l m m, iru wkh uhvsrqvhv ri remhfw dqg vxe0
mhfw,1 Qrz wkh uhfoxvwhulqj fdq eh grqh dv d foxvwhulqj ri sur{lplw| gdwd xvlqj
HDv dv rxwolqhg deryh1

Iru frpsdulvrq zh frpsxwhg I dffruglqj wr +<, iru wkh ruljlqdo foxvwhuv
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gdwdedvh
I

ruljlqdo
foxvwhuv

I
HD

foxvwhuv

fpd{

HD
foxvwhuv

Sz 9=;; 9=57 43
S ur 9=5; 9=49 <
S uv 9=49 9=3< <

Wdeoh 4= Ydoxhv iru wkh zhljkwhg frqfrugdqfh frh�flhqw �� dqg wkh �wqhvv
ixqfwlrq I dffruglqj wr wkh ruljlqdo foxvwhuv dqg wkh HD jhqhudwhg vroxwlrqv1

Fz/ Fur dqg Fuv1 Dsso|lqj I iurp +<, dv �wqhvv phdvxuh lq wkh HD zh uhvxow
foxvwhu vroxwlrqv zlwk kljkhu qxpehu ri foxvwhuv dv ghslfwhg lq Wde1 +4, dqg
frqvlghudeoh ehwwhu �wqhvv ydoxhv1 Zh xvhg lq rxu frpsxwdwlrqv �doo @ 733
lqglylgxdov zklfk zhuh hyhqo| glvwulexwhg rqwr v @ 43 vxesrsxodwlrqv1 Zh
wudlqhg wkh hqvhpeoh gxulqj wpd{ @ 8333 wlph vwhsv1 Dffruglqj wr wkh sursrvhg
VRP0olnh pljudwlrq vfkhph wkh vxesrsxodwlrqv zhuh duudqjhg rq d wrsrorjlfdo
vwuxfwxuh lq wkh suhvhqw dssolfdwlrq vlpso| fkrvhq dv d ulqj1 Wkh fkdudfwhulvwlf
wlph vfdoh iru ghfuhdvlqj wkh qhljkerukrrg ehwzhhq wkh vxesrsxodwlrq zdv
gh�qhg dv olqhdu vkulqnlqj ri �k +w, lq +9, zlwk �k +3, @ v

5
dqg �k +wpd{, @

3=51 Wkh uhpdlqlqj suredelolw| zdv �k @ 3=341 Wkh sdudphwhuv zhuh fkrvhq
lq djuhhphqw zlwk h{shulhqfhv lq djuhhphqw zlwk wkh dgdswdwlrq g|qdplf lq
wkh qhxudo qhwzrun prgho ^49`1 Wkhuhe|/ wkh lqlwldo �0ydoxh lv uhodwhg wr d
txdvl vlqjoh elj srsxodwlrq zkhuhdv wkh �qdo ydoxh fruuhvsrqgv wr d pljudwlrq
ehwzhhq qhljkeruhg vxesrsxodwlrqv rq d vpdoo ohyho1 Krzhyhu/ ixuwkhu vwxglhv
vkrxog lqyhvwljdwh wkh dgdswdwlrq uhjlph ri wkhvh sdudphwhuv zlwk uhvshfw wr
wkh g|qdplf ri wkh �wqhvv zlwklq wkh vxesrsxodwlrqv1

Wr vwxg| wkh lq�xhqfh ri wkh sdudphwhu fkrlfhv lq wkh VRP0olnh pljudwlrq
vfkhph zh frqvlghuhg vhyhudo uhjlphv ri sdudphwhu frrolqj iru �k h{hpsodu| lq
foxvwhulqj ri Vz1 Wkh uhvxowv duh vxppdul}hg lq Ilj1 51 Lq wkh �uvw uhjlph d,
wkh ydoxh �k dozd|v zdv nhsw frqvwdqw rq d }hur ohyho zklfk phdqv d frpsohwh
vhsdudwhg vhw ri +uhodwlyh vpdoo, vxesrsxodwlrqv ohdglqj wr d vorz frqyhujhqfh
dqg edg �wqhvv ydoxh ehfdxvh ri wkh vpdoo glyhuvlw| zlwklq wkh vxesrsxodwlrqv
dqg wkh qrq0h{lvwlqj lqirupdwlrq �rz doo wkh wlph1 Lq uhjlph e, djdlq wkh
ydoxh �k dozd|v zdv nhsw frqvwdqw exw qrz rq d kljk ohyho= �k @ 61 Khqfh/
doo vxesrsxodwlrqv fdq eh wdnhq dv d odujh vlqjoh srsxodwlrq1 Wklv dffhohudwhv
wkh dgdswdwlrq surfhvv hvshfldoo| lq wkh �uvw urxjk dgdswdwlrq skdvh zkhuhdv lq
wkh �qdo skdvh wkh whqghqf| wr krprjhqhlw| suhyhqw jrrg rswlpl}dwlrq uhvxowv1
Lq frqwudglfwlrq wr uhjlph e, lq wkh uhjlph f, �k zdv rq d orz ohyho �k @ 3=5
exw djdlq fkrvhq wr eh frqvwdqw1 Lq rssrvlwh wr d, wkh qrq0ydqlvklqj lqirupd0
wlrq �rz ohdgv wr vljql�fdqw lpsuryhphqwv lq wkh odvw skdvh ri wkh dgdswdwlrq
zkhuhdv wkh ehjlqqlqj lv lqglfdwhg e| plqru lpsuryhphqwv dv lq d, exw lq frq0
wudglfwlrq wr f,1 Wkh odvw fxuyh g, fohduo| ghprqvwudwhv wkh dgydqwdjhv ri wkh
VRP0olnh uhjlph ri d ghfuhdvlqj �k +w, zlwk wkh deryh xvhg sdudphwhu fkrlfhv
�k +3, @ 8 dqg �k +wpd{, @ 3=51 Ilqdoo|/ zh fdq vwdwh wkdw wkh VRP0olnh pljud0
wlrq vfkhph jhqhudwhg lq qhljkeruhg vxesrsxodwlrqv foxvwhu vroxwlrqv zklfk duh
mxgjhg e| sv|fkrwkhudslvwv dv vlplodu ^65`71 Krzhyhu/ d pdwkhpdwlfdo surri ri

eA��t LMtih�@|�L? �t ?L| t�hTh�t�?} uhL4 |�i ��i� Lu ?i�h@* ?i|�Lh! @TThL@U�� OL�i�ihc
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Iljxuh 5= Ghyhorsphqw ri wkh �wqhvv ri wkh ehvw lqglylgxdo iru pxwlsoh vxe0
srsxodwlrq v|vwhpv zlwk gl�huhqw qhljkerukrrg udqjh frrolqj vwudwhjlhv1 +Iru
ixuwkhu h{sodqdwlrqv 0 vhh wh{w1,

wklv idfw lv gl�fxow ehfdxvh ri wkh frpsolfdwh vwuxfwxuh ri wkh �wqhvv ixqfwlrq
exw vkrxog vxemhfw ri ixuwkhu frqvlghudwlrqv dv zhoo dv dq lpsuryhphqw ri wkh
�wqhvv ixqfwlrq1

Dssolfdwlrq lq YOVL prgho sduwlwlrqlqj iru orjlf vlpxodwlrq Iru
wkh orjlf ghvljq ri zkroh plfursurfhvvru vwuxfwxuhv wlph0h{whqvlyh f|foh0edvhg
vlpxodwlrq surfhvvhv duh qhfhvvdu|1 Wlph vshqw iru vlpxodwlrq fdq eh gudvwlfdoo|
uhgxfhg xvlqj sdudooho vlpxodwlrq edvhg rq prgho sduwlwlrqlqj zklfk fdq eh iru0
pxodwhg dv d frpelqdwlrqdo rswlpl}dwlrq sureohp fkdudfwhul}hg e| d frpsoh{
frvw ixqfwlrq ^56` zklfk hvwlpdwhv wkh uxq0wlph ri rqh sdudooho vlpxodwlrq f|0
foh ri wkh fruuhvsrqglqj kdugzduh prgho sduwv1 Wklv frvw ixqfwlrq kdv wr eh
plqlpl}hg wr uhgxfh wkh h{shfwhg sdudooho vlpxodwlrq wlph ^58`1

Wr dfklhyh ehwwhu sduwlwlrqv lq vkruwhu wlph zh kdyh sdudoohol}hg wkh VRP0
olnh HD1 Wkh pljudwlrq lv lpsohphqwhg e| qrqeorfnlqj Srlqw0wr0Srlqw frp0
pxqlfdwlrq lq wkh iudph ri wkh Phvvdjh Sdvvlqj Lqwhuidfh ^84`1 Khuh/ wkh
sdudphwhuv zdv fkrvhq djdlq dv lq wkh deryh dssolfdwlrq/ l1h1 �k +3, @ v

5
/

�k +wpd{, @ 3=5 dqg �k @ 3=341

�| �t �? UL?|h@t| |L |�i �?�it|�}@|�L?t i T*@�?i_ �? d��o�
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H{shulphqwdo uhvxowv duh jlyhq iru dq LEP V26<3 surfhvvru prgho zklfk lv
sduwlwlrqhg lqwr 48 eorfnv yld wkh VWHS suh0sduwlwlrqlqj ^56`1 Dw wkh vhfrqg
klhudufk| ohyho wkuhh gl�huhqw HD vwudwhjlhv duh uhdol}hg zlwk wkh sdudphwhuv
�doo @ 5<7> � @ :33 lq hdfk uxq1 D vhtxhqwldo rqh0srsxodwlrq HD lv rssrvhg
wr wzr sdudooho pxowlsoh vxesrsxodwlrq HDv hdfk frqvlvwlqj ri v @ : vxesrs0
xodwlrqv/ l1h1/ �� @ 75> �� @ 433 iru hdfk vxesrsxodwlrq zklfk fruuhvsrqgv wr d
vhohfwlrq suhvvxuh ri � � 5=71 Zh frpsduh wkh VRP0olnh pljudwlrq vfkhph zlwk
dq doo0wr0doo frppxqlfdwlrq vfkhph zkhuh wkh frppxqlfdwlrq h�ruw lv pxfk
kljkhu wkdq iru wkh VRP0olnh fdvh ^85`1 Frqvlghulqj wkh sduwlwlrqlqj h�ruw iru
wkh pxowlsoh vxesrsxodwlrq dssurdfk/ lq Ilj16 wkh �wqhvv ri wkh ehvw lqglylgxdo
lv sorwwhg ryhu wkh wlph wsduw vshqw iru wkh HD sduwlwlrqlqj1
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Iljxuh 6= Ilwqhvv ri wkh ehvw lqglylgxdo ri doo vxesrsxodwlrqv frpsdulqj d
vhtxhqwldo uxq zlwk wzr sdudooho rqhv lq ghshqghqfh rq wkh sduwlwlrqlqj wlph
wsduw phdvxuhg lq duelwudu| xqlwv +d1 x1,1

Sdudooho sduwlwlrqlqj gudvwlfdoo| uhgxfhv wkh sduwlwlrqlqj wlph ehfdxvh wkh
sduwlwlrqlqj h�ruw lv glvwulexwhg wr : surfhvvruv1 Wkh �wqhvv ri wkh ehvw lqglylg0
xdo vljql�fdqwo| idvwhu ghfuhdvhv wkdq lq wkh vhtxhqwldo fdvh1 Exw wkh doo0wr0doo
frppxqlfdwlrq vfkhph lv dffrpsdqlhg e| d kljk frppxqlfdwlrq ryhukhdg1 Xv0
lqj rxu VRP0olnh pljudwlrq dssurdfk wklv frppxqlfdwlrq h�ruw fdq eh uhgxfhg
lq vxfk d zd| wkdw ehwwhu lqglylgxdov +sduwlwlrqv, duh rewdlqhg lq vkruwhu sduwl0
wlrqlqj wlph wsduw1 Vr/ lq wkh h{dpsoh glvfxvvhg khuh dq hvwlpdwhg uxq0wlph ri
5:pv shu f|foh +�wqhvv, lv uhdfkhg lq wkh kdoi ri wkh sduwlwlrqlqj wlph frpsdu0
lqj wr wkh doo0wr0doo frppxqlfdwlrq vfkhph zklfk lv lq djuhhphqw zlwk uhvxowv
rewdlqhg lq ^46`1 Dowkrxjk wkh lqglylgxdov ri rxu lqlwldo srsxodwlrq duh do0
uhdg| htxlsshg zlwk h{shuw nqrzohgjh dqg qrw udqgrpo| surgxfhg/ HDv |lhog
d uhgxfwlrq ri hvwlpdwhg uxq0wlph iurp � 77pv grzq wr 5:pv +vhh Ilj16,1

%� &��
�	���� �������

Zh uhylhzhg wkh dfwxdo ghyhorsphqw lq k|eulg v|vwhpv iru frpelqdwlrq ri
DQQv dqg HDv1 Wkh prvw sxeolfdwlrqv ghdo zlwk DQQ rswlpl}dwlrq zlwk
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uhvshfw wr wkh qhwzrun wrsrorj| zkloh zhljkw dgdswdwlrq lv qrw h{sdqvlyho|
frqvlghuhg1 Iru wkh edfnzdug gluhfwlrq zh fdq vwdwh vrph uhfhqwo| ghyhorshg
dssurdfkhv lqfrusrudwlqj qhxudo qhwzrun sdudgljpv ri VRPv lqwr hyroxwlrq
g|qdplf ri HDv1

'������
��

^4` F1 Doedql/ W1 Yloopdqq/ E1 Yloopdqq/ D1 N�ruqhu/ P1 Jh|hu/ G1 Srnruq|/
J1 Eodvhu/ dqg K1 N�dfkhoh1 Nulwln xqg huvwh Uhirupxolhuxqj ghu ndwhjrul0
dohq Vwuxnwxuhq ghu Phwkrgh ghv ]hqwudohq Eh}lhkxqjv~Nrq�lnw~Wkhpdv
+]ENW,1 Sv|fkrwkhudslh/ Sv|fkrvrpdwln xqg Phgl}lqlvfkh Sv|fkrorjlh/
7<+44,=73;~754/ 4<<<1

^5` S1 Dqjholqh/ J1 Vdxqghuv/ dqg M1 Sroodn1 Dq hyroxwlrqdu| dojrulwkp wkdw
frqvwuxfwv uhfxuuhqw qhxudo qhwzrunv1 LHHH Wudqvdfwlrqv rq Qhxudo Qhw0
zrunv/ 8=87~98/ 4<<71

^6` W1 E�dfn1 Hyroxwlrqdu| Dojrulwkpv lq Wkhru| dqg Sudfwlfh1 R{irug Xql0
yhuvlw| Suhvv/ Qhz \run 0 R{irug/ 4<<91

^7` M1 Eduehu/ S1 Fulwv0Fkulvwrsk/ dqg O1 Oxeruvn|1 D jxlgh wr wkh FFUW
Vwdqgdug Fdwhjrulhv dqg wkhlu fodvvl�fdwlrq1 Lq O1 Oxeruvn| dqg S1 Fulwv0
Fkurvwrsk/ hglwruv/ Xqghuvwdqglqj Wudqvihuhqfh/ sdjhv 6:~831 Edvlf Errnv
Qhz \run/ 4<<31

^8` K10X1 Edxhu/ P1 Khuupdqq/ dqg W1 Yloopdqq1 Qhxudo pdsv dqg wrsr0
judsklf yhfwru txdqwl}dwlrq1 Qhxudo Qhwzrunv/ 45+7~8,=98<~9:9/ 4<<<1

^9` K10X1 Edxhu dqg N1 U1 Sdzho}ln1 Txdqwli|lqj wkh qhljkerukrrg suhvhuyd0
wlrq ri Vhoi0Rujdql}lqj Ihdwxuh Pdsv1 LHHH Wudqv1 rq Qhxudo Qhwzrunv/
6+7,=8:3~8:</ 4<<51

^:` K10X1 Edxhu dqg W1 Yloopdqq1 Jurzlqj d K|shufxelfdo Rxwsxw Vsdfh lq
d Vhoi~Rujdql}lqj Ihdwxuh Pds1 LHHH Wudqvdfwlrqv rq Qhxudo Qhwzrunv/
;+5,=54;~559/ 4<<:1

^;` V1 Eruqkrogw dqg G1 Judxghq}1 Jhqhudo dv|pphwulf qhxudo qhwzrunv dqg
vwuxfwxuh ghvljq e| jhqhwlf dojrulwkpv1 Qhxudo Qhwzrunv/ 8=65:~667/ 4<<51

^<` M1 Exkpdqq dqg K1 N�xkqho1 Yhfwru txdqwl}dwlrq zlwk frpsoh{lw| frvwv1
LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/ 6<=4466~4478/ 4<<61

^43` H1 Fdqwx0Sd}1 Ghvljqlqj vfdodeoh pxowl0srsxodwlrq sdudooho jhqhwlf dojr0
ulwkpv1 Whfkqlfdo Uhsruw <;33</ Loolqrlv Jhqhwlf Dojrulwkpv Oderudwru|/
Xqlyhuvlw| ri Loolrqrlv dw Xuedqd0Fkdpsdljq/ Xuedqd LO/ 4<<;1

^44` H1 Fdqwx0Sd}1 Pljudwlrq srolflhv dqg wdnhryhu wlphv lq jhqhwlf dojrulwkpv1
Lq Z1 Edq}kdi/ M1 Gdlgd/ D1 Hlehq/ P1 K1 Jdu}rq/ Y1 Krqdydu/ P1 Mdnlhod/
dqg U1 Vplwk/ hglwruv/ Surf1 Ri wkh Jhqhwlf dqg Hyroxwlrqdu| Frpsxwdwlrq
Frqihuhqfh JHFFR04<<</ sdjh ::8/ Vdq Iudq}lvfr/ FD/ 4<<<1 Prujdq
Ndxipdqq1
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^45` H1 Fdqwx0Sd}1 Wrsrorj|/ pljudwlrq udwhv dqg pxowl0srsxodwlrq sdudooho jh0
qhwlf dojrulwkpv1 Whfkqlfdo Uhsruw <<33:/ Loolqrlv Jhqhwlf Dojrulwkpv Ode0
rudwru|/ Xqlyhuvlw| ri Loolrqrlv dw Xuedqd0Fkdpsdljq/ Xuedqd LO/ 4<<<1

^46` H1 Fdqwx0Sd}1 Wrsrorj|/ pljudwlrq udwhv dqg pxowl0srsxodwlrq sdudooho
jhqhwlf dojrulwkpv1 Lq Z1 Edq}kdi/ M1 Gdlgd/ D1 Hlehq/ P1 K1 Jdu}rq/
Y1 Krqdydu/ P1 Mdnlhod/ dqg U1 Vplwk/ hglwruv/ Surf1 Ri wkh Jhqhwlf dqg
Hyroxwlrqdu| Frpsxwdwlrq Frqihuhqfh JHFFR04<<</ sdjhv <4~<;/ Vdq
Iudq}lvfr/ FD/ 4<<<1 Prujdq Ndxipdqq1

^47` L1 Fkdonldgdnlv/ J1 Urylwkdnlv/ dqg P1 ]huydnlv1 D vwuxfwxudo jhqwlf dojr0
ulwkp wr rswlpl}h kljk rughu qhxudo qhwzrunv dufklwhfwxuh1 Lq P1 Yhuoh|0
vhq/ hglwru/ Surf1 Ri Hxurshdq V|psrvlxp rq Duwl�fldo Qhxudo Qhwzrunv
+HVDQQ*5334,/ Euxvvhov/ Ehojlxp/ 53341 G idfwr sxeolfdwlrqv1

^48` S1 Fulwv0Fkulvwrsk dqg D1 Ghpruhvw1 Olvw ri vwdqgdug fdwhjrulhv +hglwlrq
5,1 Lq O1 Oxeruvn| dqg K1 N�dfkhoh/ hglwruv/ Ghu ]hqwudoh Eh}lhkxqjvnrq0
�lnw 0 hlq Duehlwvexfk1 SV] Yhuodj/ Xop/ Jhupdq|/ 4<;;1

^49` U1 Ghu dqg W1 Yloopdqq1 G|qdplfv ri vhoi0rujdql}hg ihdwxuh pdsslqj1 Lq
M1 Plud/ M1 Fdehvwdq|/ dqg D1 Sulhwr/ hglwruv/ Qhz Wuhqgv lq Qhxudo Frp0
sxwdwlrq1 Lqwhuqdwlrqdo Zrunvkrs rq Duwl�fldo Qhxudo Qhwzrunv1 LZDQQ
*<6 Surfhhglqjv/ sdjhv 645~48/ Ehuolq/ Jhupdq|/ 4<<61 Vsulqjhu0Yhuodj1

^4:` G1 Irjho/ O1 Irjho/ dqg Y1 Sruwr1 Hyroylqj qhxudo qhwzrunv1 Elrorjlfdo
F|ehuqhwlfv/ 96=7;:~7<6/ 4<<31

^4;` E1 Iulw}nh1 Jurzlqj fhoo vwuxfwxuhv�d vhoi0rujdql}lqj qhwzrun lq n glphq0
vlrqv1 Lq L1 Dohnvdqghu dqg M1 Wd|oru/ hglwruv/ Duwl�fldo Qhxudo Qhwzrunv/
5/ yroxph LL/ sdjhv 4384~4389/ Dpvwhugdp/ Qhwkhuodqgv/ 4<<51 Qruwk0
Kroodqg1

^4<` M1 Jrsshuw dqg Z1 Urvhqvwlho1 Wkh frqwlqxrxv lqwhusrodwlqj vhoi0
rujdql}lqj pds1 Qhxudo Surfhvvlqj Ohwwhuv/ 8+6,=4;8~<5/ 4<<:1

^53` W1 Juhdsho dqg N1 Rehupd|hu1 D vwrfkdvwlf vhoi0rujdql}lqj pds iru sur{0
lplw| gdwd1 Qhxudo Frpsxwdwlrq/ 44+4,=46<~488/ 4<<<1

^54` D1 K�dp�do�dlqhq1 Xvlqj jhqhwlf dojrulwkp lq vhoi0rujdql}lqj pds ghvljq1 Lq
G1 Shduvrq/ Q1 Vwhhoh/ dqg U1 Doeuhfkw/ hglwruv/ Duwl�fldo Qhxudo Qhwv dqg
Jhqhwlf Dojrulwkpv 0 Surf1 ri LFDQQJD*<8/ sdjhv 697~69:1 Vsulqjhu0
Yhuodj/ 4<<81

^55` P1 Kdvhqm�djhu/ K1 Ulwwhu/ dqg N1 Rehupd|hu1 Dfwlyh gdwd vhohf0
wlrq iru ix}}| wrsrjudsklf pdsslqj ri sur{lplwlhv1 Lq J1 Euhznd/
U1 Ghu/ V1 Jrwwzdog/ dqg D1 Vfklhuzdjhq/ hglwruv/ Ix}}|0Qhxur0V|vwhpv*<<
+IQV*<<,/ Surf1 Ri wkh IQV0Zrunvkrs/ sdjhv <6~436/ Ohls}lj/ 4<<<1
Ohls}ljhu Xqlyhuvlw�dwvyhuodj1

^56` U1 Kdxsw/ N1 Khulqj/ X1 Shwul/ dqg W1 Yloopdqq1 Klhudufklfdo prgho
sduwlwlrqlqj iru sdudooho YOVL~vlpxodwlrq xvlqj hyroxwlrqdu| dojrulwkpv
lpsuryhg e| vxshusrvlwlrqv ri sduwlwlrqv1 Lq N1 Olhyhq/ hglwru/ Surfhhg0
lqjv ri Hxurshdq Frqjuhvv rq Lqwhooljhqw Whfkqltxhv dqg Vriw Frpsxwlqj
+HXILW*<:,/ sdjhv ;37~;3;/ Ddfkhq/ Jhupdq|/ 4<<:1
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^57` V1 Kd|nlq1 Qhxudo Qhwzrunv 0 D Frpsuhkhqvlyh Irxqgdwlrq1 LHHH Suhvv/
Qhz \run/ 4<<71

^58` N1 Khulqj/ U1 Kdxsw/ dqg W1 Yloopdqq1 Klhudufklfdo Vwudwhj| ri Prgho
Sduwlwlrqlqj iru YOVL~Ghvljq Xvlqj dq Lpsuryhg Pl{wxuh ri H{shuwv Ds0
surdfk1 Lq Surf1 Ri wkh Frqihuhqfh rq Sdudooho dqg Glvwulexwhg Vlpxodwlrq
+SDGV*<9,/ sdjhv 439~4461 LHHH Frpsxwhu Vrflhw| Suhvv/ Orv Dodplwrv/
4<<91

^59` W1 Kripdqq dqg M1 Exkpdqq1 Sdluzlvh gdwd foxvwhulqj e| ghwhuplqlvwlf
dqqhdolqj1 LHHH Wudqvdfwlrqv rq Sdwwhuq Dqdo|vlv dqg Pdfklqh Lqwhool0
jhqfh/ 4<+4,=4~47/ 4<<:1

^5:` M1 Kxkvh dqg D1 ]hoo1 Hyroxwlrqdu| vwudwhj| zlwk qhljkerukrrg dwwudfwlrq1
Lq K1 Erwkh dqg U1Urmdv/ hglwruv/ Qhxudo Frpsxwdwlrq 5333/ sdjhv 696~
69</ ]�xulfk/ 53331 LFVF Dfdghplf Suhvv1

^5;` M1 Kxkvh dqg D1 ]hoo1 Lqyhvwljdwlqj wkh lq�xhqfh ri wkh qhljkerukrrg
dwwudfwlrq idfwru wr wkh hyroxwlrq vwudwhjlhv zlwk qhljkerukrrg dwwudfwlrq1
Lq P1 Yhuoh|vhq/ hglwru/ Surf1 Ri Hxurshdq V|psrvlxp rq Duwl�fldo Qhxudo
Qhwzrunv +HVDQQ*5334,/ Euxvvhov/ Ehojlxp/ 53341 G idfwr sxeolfdwlrqv1

^5<` N1 Ndoyhudp1 Prwru frqwuro dqg pryhphqw rswlpl}dwlrq ohduqhg e|
frpelqlqj dxwr0lplwdwlyh dqg jhqhwlf dojrulwkpv1 Lq P1 Yhuoh|vhq/
hglwru/ Surf1 Ri Hxurshdq V|psrvlxp rq Duwl�fldo Qhxudo Qhwzrunv
+HVDQQ*5334,/ Euxvvhov/ Ehojlxp/ 53341 G idfwr sxeolfdwlrqv1

^63` W1 Nrkrqhq1 Vhoi0Rujdql}lqj Pdsv1 Vsulqjhu/ Ehuolq/ Khlghoehuj/ 4<<81
+Vhfrqg H{whqghg Hglwlrq 4<<:,1

^64` W1 Nrkrqhq1 Idvw hyroxwlrqdu| ohduqlqj zlwk edwfk0w|sh vhoi0rujdql}lqj
pdsv1 Qhxudo Surfhvvlqj Ohwwhuv/ <+5,=58~67/ 4<<<1

^65` D1 N�ruqhu1 Ndwhjrulvlhuxqj Yrq Eh}hlkxqjvvfkhpdwd Pl ghu Phwkrgh
%Gdv ]hqwudoh Eh}lhkxqjvnrq�lnwwkhpd%1 SkG wkhvlv/ Xqlyhuvlw| Ohls}lj/
Jhupdq|/ 53331

^66` V1 Nry�dfv/ J1 M1 W�rwk/ U1 Ghu/ dqg D1 O�rulqf}1 Rxwsxw vhqvlwlyh glv0
fuhwl}dwlrq iru jhqhwlf dojrulwkp zlwk pljudwlrq1 Qhxudo Qhwzrun Zruog/
9=:<~;;/ 4<<91

^67` O1 Oxeruvn|1 Wkh fruh frq�lfwxdo uhodwlrqvkls vfkhph1 Lq Q1 Iuhhgpdq
dqg V1 Judqg/ hglwruv/ Frppxqlfdwlyh Vwuxfwxuh dqg Sv|fklf Vwuxfwxuhv1
Sohqxp Suhvv Qhz \run/ 4<::1

^68` Y1 Pdqlh}}r1 Jhqhwlf hyroxwlrq ri wrsrorj| dqg zhljkw glvwulexwlrq ri
qhxudo qhwzrunv1 LHHH Wudqvdfwlrqv rq Qhxudo Qhwzrunv/ 8=6<~86/ 4<<71

^69` W1 Pduwlqhw} dqg N1 Vfkxowhq1 Wrsrorj| uhsuhvhqwlqj qhwzrunv1 Qhxudo
Qhwzrunv/ :+6,=83:~855/ 4<<71

^6:` ]1 Plfkdohzlf}1 Jhqhwlf Dojrulwkpv . Gdwd Vwuxfwxuhv @ Hyroxwlrq Sur0
judpv1 Vsulqjhu~Yhuodj Ehuolq Khlghoehuj Qhz \run/ wklug/ uhylvhg dqg
h{whqghg hglwlrq/ 4<<91
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^6;` K1 P�xkohqehlq1 Olplwdwlrqv ri pxowl0od|hu shufhswrq qhwzrunv0vwhsv wr0
zdugv jhqhwlf qhxudo qhwzrunv1 Sdudooho Frpsxwlqj/ 47=57<~593/ 4<<31

^6<` K1 P�xkohqehlq/ P1 Jrujhv0Vfkohxwhu/ dqg R1 Nu�dphu1 Hyroxwlrq Dojr0
ulwkp lq Frpelqdwruldo Rswlpl}dwlrq1 Sdudooho Frpsxwlqj/ +:,=98~;;/
4<;;1

^73` D1 Qlvvlqhq dqg K1 K|w|qlhpl1 Hyroxwlrqdu| vhoi0rujdql}lqj pds1 Lq K10
M1 ]lpphupdqq/ hglwru/ Surfhhglqjv 9wk Hxurshdq Frqjuhvv rq Lqwhooljhqw
Whfkqltxhv Vriw Frpsxwlqj +HXILW*<;,/ yroxph 6/ sdjhv 48<9~49331 Yhu0
odj Pdlq}/ Ddfkhq/ Jhupdq|/ 4<<;1

^74` V1 Sdo/ G1 Ekdqgdul/ S1 Kdulvk/ dqg P1 Kxqgx1 Fhooxodu qhxudo qhwzrunv/
jhqhwlf dojrulwkpv dqg remhfw h{wudfwlrq1 Idu Hdvw Mrxuqdo ri Pdwkhpdw0
lfdo Vflhqfh/ 4=46<~488/ 4<<61

^75` V1 Sdo/ V1 Gh/ dqg D1 Jkrvk1 Ghvljqlqj Krs�hog w|sh qhxudo qhwzrunv
xvlqj jhqhwlf dojrulwkpv dqg lwv frpsdulvrq zlwk vlpxodwhg dqqhdolqj1
Lqwhuqdwlrqdo Mrxuqdo ri Sdwwhuq Uhfrjqlwlrq dqg Duwl�fldo Lqwhooljhqfh/
44=77:~794/ 4<<:1

^76` V1 Sdo dqg V1 Plwud1 Qhxur0Ix}}| Sdwwhuq Uhfrjqlwlrq1 Zloh| Vhulhv rq
Lqwhooljhqw V|vwhpv1 Zloh| Vrqv/ Qhz \run/ 4<<<1

^77` K1 Srkokhlp1 Hyroxwlrq�duh Dojrulwkphq1 Vsulqjhu0Yhuodj/ 4<<<1

^78` G1 Srodql1 Rq wkh rswlpl}dwlrq ri vhoi0rujdql}lqj pdsv e| jhqhwlf dojr0
ulwkpv1 Lq H1 Rmd dqg V1 Ndvnl/ hglwruv/ Nrkrqhq Pdsv/ qxpehu LVEQ
<84055068;<0:/ sdjhv 48:~4:3/ Dpvwhugdp +Kroodqg,/ Mxqh 4<<<1 Khovlqnl/
Hovhylhu1

^79` G1 Srodql dqg W1 Xwkpdqq1 Dgdswdwlrq ri nrkrqhq ihdwxuh pds wrsrorjlhv
e| jhqhwlf dojrulwkpv1 Lq U1 Pqqhu dqg E1 Pdqghulfn/ hglwruv/ Sdudooho
Sureohp Vroylqj iurp Qdwxuh/ yroxph 5/ sdjhv 754~75<1 Hovhylhu/ 4<<51

^7:` K1 Ulwwhu1 Sdudphwul}hg vhoi0rujdql}lqj pdsv1 Lq V1 Jlhohq dqg E1 Ndsshq/
hglwruv/ Surf1 LFDQQ*<6 Lqw1 Frqi1 rq Duwl�fldo Qhxudo Qhwzrunv/ sdjhv
89;~8:8/ Orqgrq/ XN/ 4<<61 Vsulqjhu1

^7;` S1 Ureelqv/ D1 Vrshu/ dqg N1 Uhqqroov1 Xvh ri jhqhwlf dojrulwkpv iru rswl0
pdo wrsrorj| ghwhuplqdwlrq lq edfn0sursdjdwlrq qhxudo qhwzrunv1 Lq Du0
wl�fldo Qhxudo Qhwzrunv dqg Jhqhwlf Dojrulwkpv 0 Surf1 ri LFDQQJD*<6
Ylhqqd/ sdjhv :59~:631 Vsulqjhu0Yhuodj/ 4<<61

^7<` V1 Vdkd dqg M1 Fkulvwhqvhq1 Jhqhwlf ghvljq ri vsduvh ihhgiruzdug qhxudo
qhwzrunv1 Lqirupdwlrq Vflhqfh/ :<=4<4~533/ 4<<71

^83` M1 Vfkd�hu/ U1 Fduxdqd/ dqg O1 Hvkhopdq1 Xvlqj jhqhwlf vhdufk wr h{sorlw
wkh hphujhqw ehkdylru ri qhxudo qhwzrunv1 Sk|vlfd G/ 75=577~5;;/ 4<<31

^84` K1 Vfkxo}h1 Hqwzlfnoxqj/ Xqwhuvxfkxqj xqg Lpsohphqwlhuxqj yrq Sdudooh0
ohq Hyroxwlrq�duhq Dojrulwkphq i�xu glh Prghoosduwlwlrqlhuxqjvnrpsrqhqwh
sdudoohoPDS1 Pdvwhu*v wkhvlv/ Xqlyhuvlw| Ohls}lj/ 4<<;1
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^85` K1 Vfkxo}h/ U1 Kdxsw/ dqg N1 Khulqj1 H{shulphqwv lq sdudooho hyroxwlrqdu|
sduwlwlrqlqj1 Lq K1 Vlsv dqg H1 G*Kroodqghu/ hglwruv/ Surf1 Ri Frqihuhqfh
rq Sdudooho Frpsxwlqj 4<<</ Ghoiw/ Qhwkhuodqgv/ 4<<<1 Lpshuldo Froodjh
Suhvv1

^86` X1 Vhl�huw1 Pxowlsoh od|hu shufhswurq ohduqlqj xvlqj jhqhwlf dojrulwkpv1 Lq
P1 Yhuoh|vhq/ hglwru/ Surf1 Ri Hxurshdq V|psrvlxp rq Duwl�fldo Qhxudo
Qhwzrunv +HVDQQ*5334,/ Euxvvhov/ Ehojlxp/ 53341 G idfwr sxeolfdwlrqv1

^87` V1 Vlq dqg U1 ghIljxhluhgr1 Dq hyroxwlrq0rulhqwhg ohduqlqj dojrulwkp iru
wkh rswlpdo lqwhusrodwlyh qhw1 LHHH Wudqvdfwlrqv rq Qhxudo Qhwzrunv/
6=648~656/ 4<<51

^88` J1 M1 W�rwk dqg D1 O�rulqf}1 Jhqhwlf dojrulwkp zlwk pljudwlrq rq wrsrorj|
frqvhuylqj pdsv1 Qhxudo Qhwzrunv Zruog/ 5=4:4~4;4/ 4<<81

^89` W1 Yloopdqq1 Dssolfdwlrq ri hyroxwlrqdu| dojrulwkpv iru foxvwhulqj ri qrq0
phwulf gdwd lq phglflqh1 Lq J1 Euhznd/ U1 Ghu/ V1 Jrwwzdog/ dqg D1 Vfklhu0
zdjhq/ hglwruv/ Ix}}|0Qhxur0V|vwhpv*<< +IQV*<<,/ Surf1 Ri wkh IQV0
Zrunvkrs/ sdjhv 488~498/ Ohls}lj/ 4<<<1 Ohls}ljhu Xqlyhuvlw�dwvyhuodj1

^8:` W1 Yloopdqq1 Qhxudo qhwzrunv dssurdfkhv lq phglflqh ~ d uhylhz ri dfwxdo
ghyhorsphqwv1 Lq Surf1 Ri Hxurshdq V|psrvlxp rq Duwl�fldo Qhxudo Qhw0
zrunv +HVDQQ*5333,/ sdjhv 498~4:9/ Euxvvhov/ Ehojlxp/ 53331 G idfwr
sxeolfdwlrqv1

^8;` W1 Yloopdqq1 Hyroxwlrqdu| dojrulwkpv zlwk vxesrsxodwlrqv xvlqj d qhxudo
qhwzrun olnh pljudwlrq vfkhph dqg lwv dssolfdwlrq wr uhdo zruog sureohpv1
Lqwhjudwhg Frpsxwhu0 Dlghg Hqjlqhhulqj/ sdjh wr dsshdu/ 53341

^8<` W1 Yloopdqq/ U1 Ghu/ P1 Khuupdqq/ dqg W1 Pduwlqhw}1 Wrsrorj| Suhvhuyd0
wlrq lq Vhoi~Rujdql}lqj Ihdwxuh Pdsv= H{dfw Gh�qlwlrq dqg Phdvxuhphqw1
LHHH Wudqvdfwlrqv rq Qhxudo Qhwzrunv/ ;+5,=589~599/ 4<<:1

^93` W1 Yloopdqq/ U1 Kdxsw/ N1 Khulqj/ dqg K1 Vfkxo}h1 Sdudooho hyroxwlrqdu|
dojrulwkpv zlwk vrp0olnh pljudwlrq1 Lq D1 Greqlndu/ Q1 Vwhhoh/ G1 Z1
Shduvrq/ dqg U1 Doeuhfkw/ hglwruv/ Duwl�fldo Qhxudo Qhwzrunv dqg Jhqhwlf
Dojrulwkpv +Surf1 Ri LFDQQJD*<<,/ sdjhv 5:7~5:</ Zlhq 0 Qhz \run/
4<<<1 Vsulqjhu0Yhuodj1

^94` E1 Zklwhkhdg dqg W1 Fkrdwh1 Frrshudwlyh0frpshwlwlyh jhqwlf hyroxwlrq ri
udgldo edvlv ixqfwlrq fhqwhuv dqg zlgwkv iru wlph vhulhv suhglfwlrq1 LHHH
Wudqvdfwlrqv rq Qhxudo Qhwzrunv/ :=;9<~;;3/ 4<<91

^95` G1 Zklwoh|/ W1 Vwdunzhdwkhu/ dqg F1 Erjduw1 Jhqhwlf dojrulwkpv dqg
qhxudo qhwzrunv= Rswlpl}lqj frqqhfwlrqv dqg frqqhfwlylw|1 Sdudooho Frp0
sxwlqj/ 47=67:~694/ 4<<31

^96` [1 \dr1 D uhylhz ri hyroxwlrqdu| duwl�fldo qhxudo qhwzrunv1 Lqwhuqdwlrqdo
Mrxuqdo ri Lqwhooljhqw V|vwhpv/ ;=86<~189:/ 4<<61

^97` T1 ]kdr dqg W1 Kljxfkl1 Hyroxwlrqdu| ohduqlqj ri qhduhvw qhljkeru pos1
LHHH Wudqvdfwlrqv rq Qhxudo Qhwzrunv/ :+6,=:95~:9:/ 4<<91
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