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Devwudfw

Wkh sureohpv dulvlqj lq wkh orjlvwlfv ri frpphufldo glvwulexwlrq duh

frpsoh{ dqg lqyroyh vhyhudo sod|huv dqg ghflvlrq ohyhov1 Rqh lpsru0

wdqw ghflvlrq lv uhodwhg zlwk wkh ghvljq ri wkh urxwhv wr glvwulexwh wkh

surgxfwv/ lq dq h�flhqw dqg lqh{shqvlyh zd|1

Wklv duwlfoh h{soruhv wkuhh gl�huhqw glvwulexwlrq vwudwhjlhv= wkh �uvw

vwudwhj| fruuhvsrqgv wr wkh fodvvlfdo yhklfoh urxwlqj sureohp> wkh vhf0

rqg lv d pdvwhu urxwh vwudwhj| zlwk gdlo| dgdswdwlrqv dqg wkh wklug lv d

vwudwhj| wkdw wdnhv lqwr dffrxqw wkh furvv0ixqfwlrqdo sodqqlqj wkurxjk

d pxowl0remhfwlyh prgho zlwk wzr remhfwlyhv1 Doo vwudwhjlhv duh dqd0

o|}hg lq d pxowl0shulrg vfhqdulr1 D phwdkhxulvwlf edvhg rq wkh Lwhudwhg

Orfdo Vhdufk/ lv xvhg wr vroyh wkh prghov uhodwhg zlwk hdfk vwudwhj|1 D

frpsxwdwlrqdo h{shulphqw lv shuiruphg wr hydoxdwh wkh wkuhh vwudwhjlhv

zlwk uhvshfw wr wkh wzr remhfwlyhv1 Wkh furvv ixqfwlrqdo sodqqlqj vwudw0

hj| ohdgv wr vroxwlrqv wkdw sxw lq sudfwlfh wkh frruglqdwlrq ehwzhhq

ixqfwlrqdo duhdv dqg ehwwhu phhw exvlqhvv remhfwlyhv1

Nh|zrugv= Pxowl0remhfwlyh YUS/ Orjlvwlfv/ Lwhudwhg Orfdo Vhdufk1

MHO= F94/ F96/ P4<

� W?|hL_�U|�L?

Wkh jurzlqj qxpehu ri sureohpv wkdw �upv duh idflqj qrzdgd|v zlwk uhod0

wlrq wr wkh glvwulexwlrq ri wkhlu surgxfwv dqg vhuylfhv/ kdv ohdg orjlvwlfv wr

eh ri sulpdu| frqfhuq wr pdq| lqgxvwulhv1
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Dq lpsruwdqw dvshfw ri wkh orjlvwlfv pdqdjhphqw wdvn lv wr frruglqdwh
wkh dfwlylwlhv ri wkh wudglwlrqdo glvwulexwlrq ixqfwlrqv wrjhwkhu zlwk sxufkdv0
lqj/ pdwhuldov sodqqlqj/ pdqxidfwxulqj/ pdunhwlqj dqg riwhq U)G1 Rqh lp0
sruwdqw gluhfwlrq ri wkh lqwhjudwlrq surfhvv lv wkh furvv ixqfwlrqdo sodqqlqj/
zklfk frqvlvwv ri frruglqdwlqj gl�huhqw duhdv lqvlgh wkh �up/ doorzlqj iru
frvw uhgxfwlrqv dqg lpsurylqj vhuylfh +vhh Fkulvwrskhu 4<<;,1

Wkh prwlydwlrq ri rxu zrun dulvhv lq wklv frqwh{w ri lqwhjudwlrq ri orjlv0
wlfv ixqfwlrqv zlwk rwkhu ixqfwlrqv ri wkh �up1 Lq rxu fdvh/ zh zloo irfxv
rxu vwxg| lq wzr nh| duhdv= wkh glvwulexwlrq pdqdjhphqw dqg pdunhwlqj
pdqdjhphqw1

Rq rqh kdqg/ wkh lpsruwdqfh ri jrrg glvwulexwlrq vwudwhjlhv lq wrgd|*v
frpshwlwlyh pdunhwv fdq qrw eh ryhuvwuhvvhg1 Lq pdq| lqgxvwulhv/ dq lp0
sruwdqw frpsrqhqw ri wkh glvwulexwlrq v|vwhpv lv wkh ghvljq ri wkh urxwhv
ri yhklfohv wr vhuyh wkhlu fxvwrphu*v ghpdqg1 Dqg/ rq wkh rwkhu kdqg/ qhz
wuhqgv lq wkh vxsso|0fkdlq pdqdjhphqw duh/ dv srlqwhg rxw e| vrph lq0
gxvwu| ohdghuv/ _11ehwwhu fxvwrphu vhuylfh111juhdwhu fxvwrphu vrsklvwlfdwlrq%

+RU2PV Wrgd|/ Dxjxvw 5333,1 Fxvwrphu vhuylfh lv ehfrplqj pruh lp0
sruwdqw/ fxvwrphuv ghpdqg pruh wkdq d surgxfw/ wkh| ghpdqg d surgxfw
duulylqj rq wlph/ dq hdv| rughulqj v|vwhp ru d mxvw0lq0wlph glvwulexwlrq1

Lq wklv zrun/ zh zloo vwxg| wkh ghflvlrq pdnlqj sureohpv lq glvwulexwlrq
pdqdjhphqw uhodwhg zlwk wkh gholyhu| ri surgxfwv wr fxvwrphuv/ rq d jlyhq
shulrg ri wlph/ xvlqj d �hhw ri yhklfohv1 Wkh ghflvlrqv rq krz wr dvvljq
fxvwrphuv wr gulyhuv dqg wr ghvljq wkh urxwhv pdgh e| hdfk yhklfoh frqvwl0
wxwh wkh Yhklfoh Urxwlqj Sureohp +YUS,1 Xvxdoo|/ wkh YUS lv uhvsrqvlelolw|
ri wkh Glvwulexwlrq ghsduwphqw1 Krzhyhu/ vlqfh pdq| gulyhuv dovr shuirup
frpphufldo dfwlylwlhv/ wkh Pdunhwlqj ghsduwphqw kdv wkh remhfwlyh ri pdlq0
wdlqlqj dozd|v wkh vdph gholyhu| djhqw dvvljqhg wr wkh vdph fxvwrphu1 Krz
wr edodqfh wkhvh wzr/ srvvleoh rssrvlwh/ remhfwlyhv lv dq lqwhuhvwlqj lvvxh
zkhq wkh �up zdqwv wr lpsohphqw lqwhjudwhg glvwulexwlrq surfhvvhv1

Wr dqdo|}h wkh lpsdfw ri lqwhjudwlqj wkh wzr duhdv ri wkh �up/ Glvwul0
exwlrq dqg Pdunhwlqj/ zh zloo h{soruh wkuhh srvvleoh glvwulexwlrq vwudwhjlhv
wkdw uh�hfw gl�huhqw srolflhv lq glvwulexwlrq lq wkh rujdql}dwlrqv1

Wkh �uvw vwudwhj|/ Vwudwhj| 4/ kdv d glvwulexwlrq srolf| wkdw plqlpl}hv
glvwdqfh1 Wkh remhfwlyh lv wkh fodvvlfdo remhfwlyh ri YUS/ zklfk frqvlvwv ri
plqlpl}lqj wrwdo urxwlqj frvw/ phdvxuhg lq glvwdqfh xqlwv1 Krzhyhu/ wklv
remhfwlyh lv riwhq remhfw ri fulwlflvp e| wkh xvhuv dqg sodqqhuv/ vlqfh lw
grhv qrw wdnh lqwr frqvlghudwlrq rwkhu frqfhuqv ri wkh frpsdq|/ iru h{dp0
soh/ fxvwrphu vhuylfh1 Wkh vhfrqg vwudwhj|/ Vwudwhj| 5/ wulhv wr lpsoh0
phqw d pdunhwlqj srolf|1 Lq d jurzlqj frpshwlwlyh hqylurqphqw pdq| �upv
dgrsw vwudwhjlhv ri wljkw uhodwlrqvklsv zlwk wkhlu fxvwrphuv zkhuh or|dow|
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dqg iulhqgvkls sod| d nh| uroh/ wkurxjk wkh gholyhulqj djhqwv1 Lq wklv vwudw0
hj|/ wkh urxwhv duh suhgh�qhg vxfk wkdw rqh gholyhulqj djhqw lv dvvrfldwhg
zlwk d vshfl�f vhw ri fxvwrphuv1

Wkh wklug vwudwhj|/ Vwudwhj| 6/ lv wkh rqh wkdw frqvlghuv erwk remhfwlyhv/
pdunhwlqj dqg glvwulexwlrq dw wkh vdph wlph/ lq dq lqwhjudwhg pdqqhu1

Wkh prwlydwlrq wr zrun rq wklv YUS dulvhv e| wkh glvwulexwlrq sureohpv
idfhg e| wkh irrg dqg ehyhudjh lqgxvwu|1 Lq wkhvh lqgxvwulhv wkh whqghqf|
lv wr kdyh orzhu lqyhqwrulhv dqg kljkhu gholyhu| iuhtxhqflhv1 Dqg dovr/ wr
kdyh gulyhuv uhvsrqvleoh iru frpphufldo dfwlylwlhv vxfk dv= surprwlrqv ru
lqwurgxfwlrq ri qhz surgxfwv1

Wkh suhvhqw duwlfoh lv rujdql}hg lq wkh iroorzlqj zd|= Lq wkh qh{w vhfwlrq
zh zloo suhvhqw wkh wkuhh glvwulexwlrq vwudwhjlhv1 Lq Vhfwlrq 6/ d uhylhz ri wkh
YUSv lv vxppdul}hg1 Wkhq/ zh zloo ghvfuleh wkh pdwkhpdwlfdo irupxodwlrq
ri hdfk vwudwhj| dqg wkh vroxwlrq dssurdfk/ edvhg rq Lwhudwhg Orfdo Vhdufk
+LOV,/ wr dqdo|}h wkrvh prghov1 Lq vhfwlrq 8/ zh zloo suhvhqw d frpsxwdwlrqdo
h{shulphqw dqg dqdo|}h wkh uhvxowv rewdlqhg1 Ilqdoo|/ wkh frqfoxvlrqv ri wkh
zrun duh suhvhqwhg1

2 A�i #�t|h�M�|�L? 5|h@|i}�it

Wkh glvwulexwlrq vwudwhjlhv fruuhvsrqg wr gl�huhqw vlwxdwlrqv dqg frqfhuqv
lqvlgh wkh �up1 E| frpsdulqj wkhp/ zh fdq dqdo|}h wkh h�hfw wkdw lqwh0
judwlqj wzr duhdv fdq kdyh rq wkh glvwulexwlrq srolflhv1 Wkh remhfwlyh ri
wklv dqdo|vlv lv wr surylgh d vhw ri srvvleoh dowhuqdwlyh vroxwlrqv wr wkh gh0
flvlrq pdnhu1 Zkrp/ zlwk wkh xvh ri dgglwlrqdo vlgh lqirupdwlrq rq hdfk
sduwlfxodu glvwulexwlrq sureohp/ fdq pdnh d jrrg fkrlfh1

Wkh vwudwhjlhv duh vhwwohg lq d sodqqlqj krul}rq ri d zhhn/ wklv lv= �yh
zrunlqj gd|v1 Wkh fkrlfh ri wklv shulrg lv edvhg rq wkh qhhg iru d vwudwhjlf
shuvshfwlyh/ zh zdqw wr vwxg| wkh lpsdfw ri d vhtxhqfh ri ghflvlrqv rq
gl�huhqw remhfwlyhv1 Dv d frqvhtxhqfh zh qhhg vhyhudo shulrgv wr dqdo|}h
wkh pdunhwlqj h�hfw dqg d zhhn vhhpv wr eh d uhdvrqdeoh fkrlfh vlqfh lq
pdq| lqgxvwulhv/ wkh ehkdylru ri wkh rughuv iru d fxvwrphu kdyh d zhhn
sdwwhuq +h{dpsohv duh wkh Ehyhudjh ) Irrg lqgxvwu|,1 Lq dq| fdvh/ wklv
dvvxpswlrq fdq eh uhod{hg dqg wkh sureohp frxog eh h{whqghg wr pruh
shulrgv1

� Vwudwhj| 4= Glvwdqfh Plqlpl}dwlrq

Lq wklv vwudwhj| wkh glvwulexwlrq srolf| lv frqvwuxfwhg edvhg rq urxwlqj
frvw1 Frvw uhgxfwlrq lv rqh ri wkh eljjhvw frqfhuqv lq wudqvsruwdwlrq dqg
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glvwulexwlrq pdqdjhphqw/ exw qrw wkh rqo| rqh dv zh zloo vhh odwhu1 Zh
zdqw wr �qg wkh urxwh iru hdfk ri wkh yhklfohv wkdw zloo sdvv wkurxjk wkh
ghpdqg srlqwv lq vxfk d zd| dv wr vdwlvi| doo wkh ghpdqg zlwk wkh vpdoohvw
wudyhoolqj frvw1 Wkh fodvvlfdo YUS frqvlghuv rqo| rqh shulrg dw d wlph dqg
fkrrvhv wkh rswlpdo urxwhv iru wkdw shulrg 1 Vwudwhj| 4 fruuhvsrqgv wr
wkh fodvvlfdo yhklfoh urxwlqj sureohp +YUS, uhshdwhg iru hdfk gd| ri wkh
sodqqlqj krul}rq1

� Vwudwhj| 5= Pdvwhu Urxwhv

Wkh vhfrqg vwudwhj| lv edvhg rq pdunhwlqj sulqflsohv/ dqg wkh glvwulex0
wlrq vwudwhj| lv edvhg rq vhuylfh phdvxuhv1 Dq lpsruwdqw vrxufh ri ydoxh
wr wkh �up fdq eh rewdlqhg iurp d forvh frqqhfwlrq ehwzhhq �up dqg fxv0
wrphuv1 Wklv fdq eh dfklhyhg wkurxjk wkh ghyhorsphqw dqg lqyhvwphqw rq
wkh uhodwlrqvkls zlwk lwv fxvwrphuv1

Lq wklv vwudwhj|/ hdfk gulyhu zloo vhuyh dozd|v wkh vdph fxvwrphu1 Wklv
pdunhwlqj srolf| lv jlylqj hpskdvlv wr wkh shuvrqdo uhodwlrqvkls ehwzhhq
gulyhuv dqg fxvwrphuv dv d zd| wr lpsuryh fxvwrphu vhuylfh1 Lq pdq| lq0
gxvwulhv/ gulyhuv duh pruh wkdq gulyhuv/ wkh| dovr shuirup vdohv wdvnv/ sur0
prwlrqv dqg lqwurgxfwlrq ri wkh qhz surgxfwv1

Rqh ri wkh dgydqwdjhv srlqwhg rxw wr wklv fxvwrphu uhodwlrqvkls pdq0
djhphqw srolf| lv wkdw lw pdnhv pruh gl�fxow iru d fxvwrphu wr vzlwfk wr
dqrwkhu surylghu1 Vlqfh/ d uhodwlrqvkls uhtxluhv dq lqyhvwphqw ri wlph iurp
erwk wkh fxvwrphu dqg wkh surylghu/ Vlpfkl0Ohyl hw do1 +5336,1 Wkhvh pdu0
nhwlqj vwudwhjlhv doorz wkh �up wr rewdlq pruh lqirupdwlrq rq fxvwrphu
qhhgv1 Dqg/ dw wkh vdph wlph/ lw ehfrphv pruh hdv| wr lqwurgxfh qhz surg0
xfwv/ frqvwuxfw surprwlrqv dqg hyhq vshhgv xs wkh gholyhu| surfhvv gxh wr
h{shulhqfh h�hfwv iurp erwk sduwv1

� Vwudwhj| 6= Pxowl0Remhfwlyh

Wkh wklug vwudwhj| lv wkh lqwhjudwhg glvwulexwlrq pdqdjhphqw prgho/
zklfk frqvlvwv ri wdnlqj lqwr dffrxqw lq wkh ghflvlrq surfhvv wkh frqfhuqv ri
wkh Glvwulexwlrq ghsduwphqw dqg Pdunhwlqj ghsduwphqw l1h1 wkh uhgxfwlrq
ri wudqvsruwdwlrq frvwv dqg wkh hpskdvlv rq wkh shuvrqdo uhodwlrqvkls eh0
wzhhq gulyhu dqg fxvwrphu1 Zh sursrvh d pxowl0remhfwlyh prgho zlwk wzr
remhfwlyhv/ hdfk remhfwlyh fruuhvsrqgv wr d gl�huhqw ixqfwlrq1 Wkh �uvw lv
wkh wudqvsruwdwlrq dqg wkh vhfrqg d pdunhwlqj ixqfwlrq1 Wklv vwudwhj| wulhv
wr lqfoxgh lq wkh vdph prgho wkh remhfwlyhv ri wkh wzr suhylrxv vwudwhjlhv1
Wkh ehvw vroxwlrq iru wkh wudqvsruwdwlrq sureohp pljkw qrw dozd|v eh wkh
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ehvw vroxwlrq iru wkh pdunhwlqj remhfwlyh1 Lq vrph fdvhv wkhvh wzr remhfwlyhv
pd| frq�lfw dqg wkdw lv wkh pdlq mxvwl�fdwlrq iru d wudgh0r� dqdo|vlv eh0
wzhhq wkhvh wzr remhfwlyhv1 Zh qhhg wr �qg d vroxwlrq +ru vhyhudo vroxwlrqv,
wkdw lqwhjudwh d pdunhwlqj srolf| dqg urxwh ghvljq srolf|1

Lq wkh qh{w vhfwlrq zh zloo ghvfuleh wkh pdwkhpdwlfdo prgho ri hdfk
vwudwhj|1

� w�|ih@|�hi +i��i� L? V+�

Wkh fodvvlfdo YUS prgho lv ehklqg wkh prghov iru wkh wkuhh glvwulexwlrq
vwudwhjlhv1 Wkhuhiruh/ zh pdnh khuh d eulhi uhylhz ri wkh fodvvlfdo YUS1

Yhklfoh urxwlqj ghflvlrqv duh h{wuhpho| lpsruwdqw zlwklq d frpsdq| wr
pdlqwdlq lwv frpshwlwlyhqhvv dq doorz lw wr ehvw h{sorlw wkh dydlodeoh uh0
vrxufhv dqg wr glvwulexwh lwv surgxfwv dw wkh orzhvw srvvleoh frvw1

Vljql�fdqw dprxqw ri uhvhdufk h�ruw kdv ehhq ghglfdwhg wr YUS/ vhh
wkh vxuyh| duwlfohv rq YUS e| Odsruwh dqg Rvpdq +4<<8,/ Odsruwh +4<<5,/
Ghvurlvhuv hw do1 +4<<9,/ Erglq +4<;6,/ Fulvwr�ghv +4<:<, dqg Ilvkhu +4<<9,
dqg wkh errn ri Fudlqlf dqg Odsruwh+4<<;,1 Dq h{whqvlyh olvw ri YUS uh0
vhdufk sdshuv fdq eh irxqg rq kwws=22zzz1lpp1gwx1gn2 �rujurxs2YUS uhi21

Wkh prvw zhoo nqrzq lv d edvlf YUS zklfk fdq eh eulh�| gh�qhg lq wkh
iroorzlqj zd|= jlyhq d vhw ri fxvwrphuv zlwk nqrzq ghpdqg dqg orfdwlrq/
gh�qh d vhw ri urxwhv/ vwduwlqj dqg �qlvklqj dw rqh ghsrw/ wkdw ylvlwv doo
fxvwrphuv zlwk plqlpdo frvw1

Wkh edvlf prgho ri wkh yhklfoh urxwlqj sureohp frqvlghuv d vhw ri qrghv/
uhsuhvhqwlqj uhwdlohuv ru fxvwrphuv/ dw d nqrzq orfdwlrq/ wkdw pxvw eh vhuyhg
e| rqh ghsrw1 Hdfk qrgh kdv d nqrzq ghpdqg1 D vhw ri yhklfohv N/ zlwk
htxdo fdsdflw| lv dydlodeoh wr vhuyh wkh fxvwrphuv1 Wkh urxwhv pxvw vwduw
dqg �qlvk dw wkh ghsrw1 Wkh remhfwlyh lv wr gh�qh wkh vhw ri urxwhv wr vhuyh
doo fxvwrphuv zlwk plqlpdo frvw1

Iru hdfk sdlu ri qrghv/ d �{hg nqrzq frvw lv dvvrfldwhg1 Zh dvvxph wklv
frvw pdwul{ lv v|pphwulf dqg fdq uhsuhvhqw d uhdo frvw/ glvwdqfh ru wlph1 Wkh
pdlq frqvwudlqwv ri wkh sureohp duh wkdw doo wkh ghpdqg pxvw eh vdwlv�hg
dqg wkh yhklfohv fdsdflw| fdq qrw eh h{fhhghg1

Wkh edvlf YUS lv d jhqhudol}dwlrq ri wkh Wudyholqj Vdohvpdq Sureohp/
zkhuh pruh wkdq rqh yhklfoh lv dydlodeoh/ iru WVS uhihuhqfhv vhh iru h{dpsoh
Odzhu hw do1+4<;8,1

Wkhuh duh vhyhudo irupxodwlrqv ri wkh fodvvlfdo YUS lq wkh olwhudwxuh/ iru
vrph ri wkhvh irupxodwlrqv vhh Ilvkhu dqg Mdlnxpdu +4<:;, +4<;4,/ Nxonduql
dqg Ekdyh +4<;8,/ Jrxyhld +4<<8, dqg Wrwk dqg Yljr +5335,1
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Wkh fodvvlfdo prgho ri wkh YUS fdq eh irupxodwhg dv dq lqwhjhu olqhdu
surjudpplqj dqg wklv lv wkh irupxodwlrq zh zloo xvh dorqj ixuwkhu fkdswhuv1

Frqvlghu wkh iroorzlqj gdwd=

L @ 4> ===> q vhw ri qrghv/ wkdw fruuhvsrqg wr wkh gl�huhqw orfdwlrqv
ri wkh fxvwrphuv/ qrgh 4 fruuhvsrqgv wr wkh ghsrw1

N @ 4> ===>p vhw ri yhklfohv>

T fdsdflw| ri hdfk yhklfoh>

t� ghpdqg ri fxvwrphu l/ l @ 4> ===> q>

f�� frvw ri jrlqj iurp l wr m/ l @ 4> ===> q > m @ 4> ===> q1

Wklv irupxodwlrq frqvlghuv wzr w|shv ri yduldeohv=

{��& @

�
4> li yhklfoh n ylvlwv fxvwrphu m lpphgldwo| diwhu fxvwrphu l

3> rwkhuzlvh

|�& @

�
4> li fxvwrphu l lv ylvlwhg e| yhklfoh n

3> rwkhuzlvh

Wkh irupxodwlrq ri wkh sureohp lv=
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Remhfwlyh Ixqfwlrq =

Plq

?[

�'�

?[

�'�

f��

6[

&'�

{��& +4,

Vxemhfw wr =
6[

&'�

|�& @ 4> ; l @ 5> ===> q +5,

6[

&'�

|�& @p> +6,

?[

�'2

t�|�& � T> ; n @ 4> ===> p +7,

?[

�'�

{��& @

?[

�'�

{��& @ |�&>

; l @ 5> ===> q>n @ 4> ===> p +8,
[

�c�M7

{��& � mVm � 4>

; V ?L?�i4T|) t�Mti| Lu i5> ===>qj >n @ 4> ===>p +9,

{��& 5 i3> 4j > |�& 5 i3> 4j >

; l @ 4> ===> q>n @ 4> ===> p +:,

Frqvwudlqw +5, hqvxuhv wkdw hdfk fxvwrphu lv ylvlwhg e| rqh yhklfoh rqo|1
Frqvwudlqw +6, jxdudqwhhv wkdw doo yhklfohv ylvlw wkh ghsrw1 Frqvwudlqw +7,
uhsuhvhqwv wkh yhklfoh fdsdflw| frqvwudlqw1 Iru hdfk yhklfoh n> zh jxdudqwhh
wkdw wkh vxp ri wkh ghpdqg ri wkh qrghv wkdw wkh yhklfoh fryhuv lv ohvv ru
htxdo wr lwv pd{lpxp fdsdflw|1 Khuh zh dvvxph wkdw qrqh ri wkh fxvwrphuv
kdv d gdlo| ghpdqg wkdw h{fhhgv T1 Wkh frqvwudlqw +8, hqvxuhv wkdw li d
yhklfoh ylvlwv d fxvwrphu lw dovr kdv wr ohdyh wkdw fxvwrphu1

Frqvwudlqw +9, lv wkh vxe0wrxu holplqdwlrq frqvwudlqw1 Wklv frqvwudlqw
lpsolhv wkdw wkh dufv vhohfwhg frqwdlq qr vxe0f|fohv1 Lw vwdwhv wkdw iru hyhu|
yhklfoh/ wkh iroorzlqj krogv= iru hyhu| qrq0hpsw| vxevhw V ri i5> ==> qj/ wkh
qxpehu ri dufv wkdw duh lq wkh urxwh ri wklv yhklfoh/ zlwk erwk qrghv eh0
orqjlqj wr V/ kdv wr eh ohvv ru htxdo wr wkh qxpehu ri hohphqwv ri V plqxv
41

Wkh odvw frqvwudlqw/ +:, gh�qhv wkh yduldeohv { dqg | dv elqdu|1 Wkh
remhfwlyh ixqfwlrq lv plqlpl}lqj wkh wrwdo frvw ri wkh urxwhv1

:



Wkh WVS lv d vxe0sureohp ri wkh YUS/ wkh WVS ehorqjv wr wkh fodvv
ri QS 0kdug +qrq0ghwhuplqlvwlf sro|qrpldo wlph, sureohpv/ dqg vr grhv wkh
edvlf YUS dqg h{whqvlrqv1 Wklv phdqv wkdw wkh frpsxwdwlrqdo frpsoh{lw|
ri wkh sureohp jurzv h{srqhqwldoo| zlwk lwv vl}h/ l1h1/ lw jurzv h{srqhqwldoo|
zlwk wkh qxpehu ri fxvwrphuv1

e A�i �L_i*t uLh |�i #�t|h�M�|�L? 5|h@|i}�it

Lq wklv vhfwlrq zh zloo suhvhqw wkh pdwkhpdwlfdo prghov dvvrfldwhg zlwk wkh

wkuhh vwudwhjlhv1 Iluvw ri doo/ zh ghvfuleh wkh dvvxpswlrqv ri wkh prgho1

Zh dvvxph wkdw wkh �up lv uhvsrqvleoh iru wkh glvwulexwlrq ri lwv rzq

surgxfwv1 Wkhuhiruh/ wkhuh duh qr txhvwlrqv ri rxwvrxuflqj wr eh kdqgohg1

Wkhvh �upv idfh wkh suhvvxuhv ri d frpshwlwlyh pdunhw pdnlqj wkhp frq0

fhuqhg erwk rq frqvxphu vdwlvidfwlrq dqg lqwhuqdo h�flhqf|1

Wkh fodvvlfdo YUS frqvlghuv rqo| rqh shulrg dqg fkrrvhv wkh rswlpdo

urxwhv iru wkdw shulrg1 Khuh zh zloo lqwurgxfh pruh shulrgv e| frqvlghulqj

d zhhn ohqjwk ri dqdo|vlv1 Hdfk gd| zh kdyh d gl�huhqw vhw ri fxvwrphuv wr

vhuyh dqg txdqwlwlhv wr gholyhu1 Wkh uhgxfwlrq ri wkh lqyhqwru| ohyhov/ dqg

wkh lqfuhdvh lq wkh iuhtxhqf| ri rughuv lv d whqghqf| lq pdq| exvlqhvvhv wr

orzhu vwrfn kdqgolqj frvwv1

Rwkhu dvvxpswlrqv ri wkh prgho duh=

� Doo wkh ghpdqg lv vdwlv�hg lq wkh vdph gd| wkdw lw lv uhtxluhg dqg qrw

rq dq| rwkhu gd| ri wkh zhhn1

� Rqo| xqordg lv grqh dw hdfk fxvwrphu1

� Wkh qxpehu ri yhklfohv lv �{hg dqg wkhuh duh qr �{hg frvwv dvvrfl0

dwhg zlwk wkh xvh ri wkh yhklfohv1 Wkh| doo kdyh wkh vdph fdsdflw|1

Pruhryhu/ wkh qxpehu ri yhklfohv dydlodeoh lv hqrxjk wr vdwlvi| doo wkh

ghpdqg1

� Dqrwkhu dvvxpswlrq lv wkdw wkh glvwdqfh pdwul{ ehwzhhq fxvwrphuv

dqg ehwzhhq fxvwrphuv dqg zduhkrxvh lv nqrzq dqg �{hg1 Wklv pdwul{

grhv qrw ghshqg rq wkh gd| ru wkh txdqwlw| ordghg1

� Hdfk yhklfoh lv dvvljqhg wr d gulyhu1 Dqg zh frqvlghu wkdw wkh| zrun

hyhu| gd| lq wkh shulrg lq txhvwlrq1

� Rqh yhklfoh fdq rqo| eh xvhg rqfh d gd| dqg wkh wlph lw wdnhv wr gholyhu

wkh ixoo fdsdflw| lv ohvv wkdq d zrunlqj gd|1

;



Qh{w zh zloo suhvhqw wkh prgho lq ghwdlo1 Wkh iroorzlqj gdwd lv frqvlghuhg

lq wkh pdwkhpdwlfdo irupxodwlrq=

l> L lqgh{ dqg vhw ri qrghv/ L @ 4> ===> q zkhuh 4 lv wkh ghsrw dqg 5 wr

q duh wkh fxvwrphuv orfdwlrqv>

n>N lqgh{ dqg vhw ri yhklfohv/ N @ 4> ===>p>

w> W lqgh{ dqg vhw ri gd|v zklfk uhsuhvhqw wkh shulrg/ W @ 4> ===> s>

W� vhw ri gd|v zkhuh fxvwrphu l kdv d ghpdqg wkdw lv juhdwhu wkdq

}hur/ l @ 5> ===> q>

t|� ghpdqg ri fxvwrphu l rq gd| w/ l @ 4> ===> q dqg w @ 4> ===> s>

f�� wkh frvw ri jrlqj iurp l wr m/ wklv lv d �{hg pdwul{ /l @ 4> ===> q dqg

m @ 4> ===> q>

T fdsdflw| ri d yhklfoh1

Wkh yduldeohv ri wkh prgho duh=

{|
��&

@

;?
=

4>
li yhklfoh n ylvlwv fxvwrphu m

lpphgldwo| diwhu fxvwrphu l rq gd| w

3> rwkhuzlvh

||

�&
@

�
4> li fxvwrphu l lv ylvlwhg e| yhklfoh n rq gd| w

3> rwkhuzlvh

e�� 5|h@|i}) �G #�t|@?Ui ��?�4�3@|�L?

Wkh remhfwlyh ixqfwlrq plqlpl}hv urxwlqj frvwv/ iru doo fxvwrphuv gxulqj wkh

zhhn shulrg1 Wklv vwudwhj| fruuhvsrqgv wr uhshdwlqj d fodvvlfdo YUS iru

hdfk gd| ri wkh zhhn1

Wkh irupxodwlrq ri wklv remhfwlyh zloo eh wkh vdph dv wkh rqh xvhg iru

wkh fodvvlfdo prgho exw zlwk d qhz sdudphwhu/ w/ uhsuhvhqwlqj wkh gd| ri wkh

zhhn1

Remhfwlyh ixqfwlrq= Plq
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Iluvw zh frqvwuxfw d vhw ri urxwhv/ _pdvwhu urxwhv%/ xvlqj wkh vdph YUS
irupxodwlrq dv lq Vwudwhj| 41

Wklv vwduwhj| dqg wkh prgho dvvrfldwhg lv yhu| forvh wr d frpprq sudfwlfh
lq vhyhudo frpsdqlhv1 Lw frqvlvwv lq= �uvw gh�qlqj _pdvwhu urxwhv% dqg/
diwhuzdugv shuiruplqj gdlo| dgmxvwphqwv ghshqglqj rq wkh ghpdqg ri wkh
fxvwrphu dqg rq wkh fdsdflw| ri wkh yhklfoh1 Wr rewdlq wkh _pdvwhu urxwhv%
zh frqvlghu d YUS prgho/ zkhuh doo fxvwrphuv duh lq wkh lqsxw gdwd dqg wkh
ghpdqg ri hdfk fxvwrphu ghshqgv rq wkh dyhudjh gdlo| ghpdqg1 Wr dgmxvw
wkh gdlo| urxwhv zh frqvlghu rwkhu frqvwudlqwv vxfk dv fdsdflw| dqg qxpehu
ri yhklfohv1

Vr/ wkh uhtxluhphqw wkdw d fxvwrphu zloo dozd|v eh vhuyhg e| wkh vdph
gulyhu pd| kdyh wr eh vdful�fhg exw zh zloo wu| wr hqirufh wklv dw ohdvw wr
wkh ehvw fxvwrphuv1 Wkhuhiruh/ wkh lghd lv= wkh ehwwhu wkh fxvwrphu lv wkh
pruh lqwhuhvw zh kdyh lq pdlqwdlqlqj wkh vdph gulyhu1

Wkh pdwkhpdwlfdo irupxodwlrq iru wklv vwudwhj| lv lghqwlfdo wr wkh rqh ri
wkh fodvvlfdo YUS iru rqh shulrg suhvhqwhg lq vhfwlrq 5/ exw/ lq wklv fdvh doo
fxvwrphuv duh frqvlghuhg iru wkh _pdvwhu urxwhv%1

e�� 5|h@|i}) �G ��*|���M�iU|��i

Lq wklv vwudwhj| zh sursrvh d pxowl0remhfwlyh prgho zlwk wzr remhfwlyhv=
plqlpl}lqj ri urxwlqj frvwv dqg plqlpl}dwlrq ri vhuylfh ohyhov/ wkdw uh�hfw
wkh lqwhjudwhg vwudwhjlhv ehwzhhq Glvwulexwlrq dqg Pdunhwlqj ghsduwphqwv1

Dv idu kdv zh nqrz wkhuh duh qr vwxglhv rq urxwlqj sureohpv zlwk pxowl0
soh shulrgv dqg wklv pdunhwlqj rulhqwhg remhfwlyh ixqfwlrq1 Dowkrxjk wkhuh
duh vrph pxowl0remhfwlyh YUS wkdw frqvlghu rwkhu w|shv ri remhfwlyhv1 H{0
dpsohv ri wkhvh duh wkh sdshuv e| Krqj dqg Sdun +4<<<, wkdw frqvlghu wkh
plqlpl}dwlrq ri wkh fxvwrphu zdlwlqj wlph dv wkh vhfrqg remhfwlyh ixqfwlrq/
lq d YUS zlwk wlph zlqgrzv frqvwudlqwv1 Ohh dqg Xhqj +4<<<, ghyhorshg dq
lqwhjhu olqhdu prgho wkdw vhdufkhv iru wkh vkruwhvw wudyho sdwk dqg edodqfhv
gulyhu*v ordg vlpxowdqhrxvo|1 Wkh zrun lv phdvxuhg lq whupv ri wudyholqj dqg
ordglqj wlph1 Wkh remhfwlyh ixqfwlrq lv wkh zhljkwhg vxp ri wkh deryh remhf0
wlyhv1 Wklv vhfrqg remhfwlyh plqlpl}hv wkh gl�huhqfh ehwzhhq wkh zrunlqj
wlph ri hdfk yhklfoh dqg wkh zrunlqj wlph ri wkh yhklfoh zlwk wkh vkruwhvw
zrunlqj wlph1

Lq prvw fdvhv ri pxowlsoh remhfwlyhv lw lv xqolnho| wkdw wkh sureohp lv
rswlpl}hg e| wkh vdph dowhuqdwlyh sdudphwhu fkrlfhv1 Khqfh/ vrph wudgh0r�
ehwzhhq wkh fulwhuld lv qhhghg wr hqvxuh d vdwlvidfwru| ghvljq1
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Lq wkh pxowl0remhfwlyh rswlpl}dwlrq dq lpsruwdqw uhodwlrq lv wkh grpl0
qdqfh uhodwlrq1

Ohw +}�, dqg +}2, eh wzr vroxwlrqv ri d pxowl0remhfwlyh sureohp zlwk U

remhfwlyhv1
Zh vd| wkdw=

Vroxwlrq +}�, grplqdwhv +}2, li }�o � }2o ; remhfwlyhv u lq i4> ===>Uj
dqg }�o ? }2o iru dw ohdvw rqh u dqg +}�, 9@ +}2,1

D ihdvleoh vroxwlrq lv h�flhqw li lw lv qrq0grplqdwhg1
Edvhg rq wklv frqfhsw zh zloo rswlpl}h wkh wzr remhfwlyh ixqfwlrqv wr

�qg qrq0grplqdwhg vroxwlrqv1
Lghdoo|/ zh zrxog olnh wr �qg wkh vroxwlrq wkdw zrxog eh rswlpdo iru erwk

remhfwlyhv dw wkh vdph wlph1 Lq pxowl0remhfwlyh surjudpplqj wklv vroxwlrq
srlqw uduho| h{lvwv1 Vr/ zh zrxog olnh wr �qg vroxwlrqv wkdw duh forvhu wr wklv
lghdo srlqw1

Pdwkhpdwlfdoo|/ doo grplqdwhg vroxwlrqv duh htxdoo| dffhswdeoh/ lw lv wkh
ghflvlrq pdnhu/ zkr lv uhvsrqvleoh iru fkrrvlqj wkh �qdo vroxwlrq1 Wkh
ghflvlrq pdnhu lv vrphrqh zkr kdv d ghhs nqrzohgjh ri wkh sureohpv/
uhodwlrqvklsv dqg lpsolfdwlrqv ri hdfk vroxwlrq1 Wkh fkrlfh dprqj wkhvh
qrq0grplqdwhg vroxwlrqv lv ghwhuplqhg e| wkh ghflvlrq pdnhu*v suhihuhqfhv
dprqj wkh pxowlsoh remhfwlyh1

Wkh wzr remhfwlyh ixqfwlrqv frqvlghuhg zlwklq wkh lqwhjudwhg vwudwhj|
duh=

�M�iU|��i �G ��?�4�3�?} �Lt|

Wkh irupxodwlrq ri wklv remhfwlyh zloo eh wkh vdph dv lq +;,/ wkh rqh xvhg
iru wkh prgho ri vwudwhj| 41

Remhfwlyh ixqfwlrq D= Plq
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Lq whupv ri pdwkhpdwlfdo irupxodwlrq/ wkh vhfrqg remhfwlyh zrunv dv

iroorzv= Iru hdfk fxvwrphu zh kdyh d vhw ri sdluv ri gd|v zlwk srvlwlyh

ghpdqg/ W�/ iru hdfk sdlu ri gd|v j/ k lq W� +zlwk j 9@ k, zh zdqw wr
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plqlpl}h wkh gl�huhqfh lq wkh dvvljqphqw wr d yhklfoh n1 Wkh remhfwlyh lv wr

plqlpl}h
�
�|

}
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� |

�

�&

�
�1

Wkh lpsruwdqfh lv jlyhq e| wkh wrwdo ghpdqg lq wkh shulrg/ wkhuhiruh d

zhljkw lv lqwurgxfhg e| wkh wrwdo dprxqw rughuhg e| hdfk fxvwrphu1 Wkh

remhfwlyh ixqfwlrq ehfrphv=

Plq

;AA?
AA=

?[
�'�

6[

&'�

[

}c�MA�

}	�

%#
R[

|'�

t�

$
�

���|}�& � |
�
�&

���
&<AA@
AA>

Wkh lpsruwdqfh ri d fxvwrphu lv phdvxuhg lq whupv ri vdohv1 Lq vrph fdvhv

rwkhu phdvxuhv frxog eh xvhg wr fodvvli| wkh jrrgqhvv ri d fxvwrphu/ iru

h{dpsoh/ iuhtxhqf| ri rughuv/ fuhglw klvwru|/ hwf1 Wklv ixqfwlrq lv qrq olqhdu1

Frqvlghulqj d pxowl0shulrg prgho lv dq hvvhqwldo srlqw lq rxu vwxg| vlqfh/

remhfwlyh E lv qrw vwdwlf/ lw phdvxuhv ghflvlrqv doorqj pruh wkdq rqh shulrg/

lw rqo| pdnhv vhqvh lq d frqwlqxhg wlph edvh1

Lq wkh lqwhjudwhg vwudwhj| wkh remhfwlyh lv wr �qg d vhw ri qrq0grplqdwhg

vroxwlrqv dqg jlyh wkh ghflvlrq pdnhu wkh srvvlelolw| wr fkrrvh qrw rqo|

ehwzhhq vwudwhjlhv exw dovr ehwzhhq vroxwlrqv1

Wkh frqvwudlqwv ri wkh prgho iru vwudwhj| 4 dqg 6 duh=
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�& � T> ; n @ 4> ===>p> w @ 4> ===> s +44,

?[

�'�

{
|
��& @

?[

�'�

{
|
��& @ ||�& >

; l @ 5> ===> q>n @ 4> ===> p> w @ 4> ===> s +45,
6[

&'�

|
|

�&
@ 3> ; l @ 5> ===> q dqg w @5 W� +46,

[

�c�M7

{
|
��& � mVm � 4>

; V ?L?i4T|) t�Mti| Lu i5> ===> qj >

n @ 4> ===>p> w @ 4> ===> s +47,

{|
��& 5 i3> 4j > ||

�& 5 i3> 4j /

; l @ 4> ===> q>n @ 4> ===> p> w @ 4> ===> s +48,

Frqvwudlqwv +<, wr +48, duh vlplodu wr wkh rqhv lq wkh edvlf prgho/ exw
iru hdfk gd| ri wkh shulrg lq txhvwlrq1

Frqvwudlqw +<, hqvxuhv wkdw lq wkh gd|v zkhuh wkh fxvwrphuv kdyh d
srvlwlyh ghpdqg/ wkdw fxvwrphu lv ylvlwhg e| rqo| rqh yhklfoh1

Wkh frqvwudlqw +43, irufhv wkdw hdfk gd| doo yhklfohv jr wr wkh ghsrw1
Frqvwudlqw +44, hqvxuhv wkdw/ wkh gdlo| ordglqj ri d yhklfoh grhv qrw h{fhhg
lwv fdsdflw|1

Frqvwudlqw +45, jxdudqwhhv wkdw li wkh yhklfoh hqwhuv d qrgh/ rq gd| w/ lw
dovr kdv wr ohdyh wkdw qrgh/ rq wkh vdph gd|1

Frqvwudlqw +46, surklelwv d yhklfoh wr ylvlw d fxvwrphu rq d gd| zkhuh
kh kdv }hur ghpdqg1

Ilqdoo| frqvwudlqw +47, dyrlgv vxe0wrxuv/ exw qrz qrw rqo| iru hdfk yh0
klfoh exw dovr iru hdfk gd|1 Wkh vxe0wrxu holplqdwlrq frqvwudlqw uhsuhvhqwv
dq h{srqhqwldo qxpehu ri frqvwudlqwv1
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Wkh odvw frqvwudlqw +48, gh�qh doo yduldeohv dv elqdu|1

Iru Vwudwhj| 5 wkh frqvwudlqv ri wkh prgho duh wkh vdph dv iru YUS
irupxodwlrq lq vhfwlrq 5/ dssolhg lq wklv rffdvlrq wr wkh _pdvwhu urxwhv%/
rqo| iru rqh shulrg1

D 5L*�|�L? �TThL@U�

Wkh deryh prghov duh frpsoh{ frpelqdwruldo rswlpl}dwlrq sureohpv/ fodvvl0

�hg dv QS 0kdug�1 Wkh h�ruw uhtxluhg wr vroyh QS 0kdug sureohpv lqfuhdvhv

h{srqhqwldoo| zlwk sureohp vl}h1 Wkh dssurdfk iru vroylqj wkhvh w|sh ri
sureohpv rswlpdoo| vx�huv iurp frpsxwdwlrqdo exughq zlwk sureohp vl}h1
Dv d uhvxow wkh| uhtxluh dq khxulvwlf phwkrgrorj| lq rughu wr vroyh wkhp1
Vlqfh rxu remhfwlyh lv wr frpsduh wkh wkuhh glvwulexwlrq vwudwhjlhv zh zloo
xvh wkh vdph vroxwlrq whfkqltxh iru hdfk vwudwhj|1

D�� Oi�h�t|�Ut 4i|�L_

D khxulvwlf dojrulwkp lv d vroxwlrq phwkrg wkdw grhv qrw jxdudqwhh dq rs0
wlpdo vroxwlrq/ exw lq jhqhudo kdg d jrrg ohyho ri shuirupdqfh lq whup ri
vroxwlrq txdolw| dqg frqyhujhqfh1 Khxulvwlfv pd| eh frqvwuxfwlyh +surgxflqj
d vlqjoh vroxwlrq, ru orfdo vhdufk +vwduwlqj iurp rqh jlyhq udqgrp vroxwlrqv
dqg prylqj lwhudwlyho| wr rwkhu qhdue| vroxwlrqv, ru frpelqdwlrq1 Khxulvwlfv
iru YUS kdyh ehhq h{whqvlyho| vwxglhg1 Frughdx hw1 ho1 +5335, vxppdul}h
wkh prvw lpsruwdqw fodvvlfdo dqg prghuq khxulvwlfv iru wkh YUS1 Rvpdq
dqg Odsruwh +4<<9, kdyh d eleolrjudsk| uhylhz rq wkhru| dqg dssolfdwlrq ri
phwdkhxulvwlfv1

Orfdo vhdufk lv wkh prvw srzhuixo jhqhudo dssurdfk iru �qglqj kljk txdo0
lw| vroxwlrqv wr kdug frpelqdwruldo rswlpl}dwlrq sureohp lq uhdvrqdeoh wlph1

Lw lv edvhg rq wkh lwhudwlyh h{sorudwlrq ri qhljkerukrrgv ri vroxwlrqv
wu|lqj wr lpsuryh wkh fxuuhqw vroxwlrq e| orfdo fkdqjhv1 Wkh w|sh ri or0
fdo vhdufk wkdw pd| eh dssolhg wr d vroxwlrq lv gh�qhg e| d qhljkerukrrg
vwuxfwxuh1

Wkh prvw edvlf orfdo vhdufk lv wkh lwhudwlyh lpsuryhphqw1 Lw w|slfdoo|
vwduwv zlwk dq lqlwldo vroxwlrq/ jhqhudwhg udqgrpo| ru e| vrph frqvwuxfwlyh
khxulvwlf dqg wulhv wr uhshdwhgo| lpsuryh d fxuuhqw vroxwlrq e| pryhv wr
ehwwhu qhljkerulqj vroxwlrqv1 D pdmru gudzedfn ri lwhudwlyh lpsuryhphqw

�����@h_ ThLM*i4t @hi |�i U*@tt Lu ?i|�Lh! @?_ UL4M�?@|Lh�@* ThLM*i4t uLh ���U� ?L
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orfdo vhdufk lv wkdw lw pd| vwrs dw yhu| srru txdolw| orfdo plqlpxp1 Wr
dyrlg wkh glvdgydqwdjh ri lwhudwlyh lpsuryhphqw dqg/ lq sduwlfxodu/ pxowlsoh
ghvfhqghqw/ zh qhhg wr doorz wkh orfdo vhdufk wr hvfdsh iurp orfdo rswlpd1 Wr
hvfdsh iurp vwdjqdwlrq dw orfdo rswlpd lv wkh pdlq jrdo ri phwkdkhxulvwlfv1
Phwdkhxulvwlfv duh w|slfdoo| kljk ohyho vwudwhjlhv/ zklfk jxlgh dq xqghuo|lqj/
pruh sureohp vshfl�f khxulvwlfv/ wr lqfuhdvh wkhlu shuirupdqfh1

Rxu sursrvdo lv wr xvh d phwdkhxulvwlf dojrulwkp wkdw dv suryhq wr jlyh
txlhw jrrg uhvxowv rq rwkhu sureohpv dqg lv hdv| wr lpsohphqw dqg prgli|/
dgdswlqj wr gl�huhqw vwudwhjlhv/ Lwhudwhg Orfdo Vhdufk +LOV,1

81414 Lwhudwhg Orfdo Vhdufk iru wkh YUS

LOV lv d vlpsoh dqg jhqhudoo| dssolfdeoh phwd0khxulvwlf zklfk lwhudwlyho|
dssolhv orfdo vhdufk wr prgl�fdwlrqv ri wkh fxuuhqw vhdufk srlqw/ iru pruh
ghwdlohg lqirupdwlrq rq LOV vhh Orxuhq�fr hw1 do1 +5334,/ Orxuhq�fr hw1
do1 +5335, dqg Vw�xw}oh +4<<;,1 Dw wkh vwduw ri wkh dojrulwkp d orfdo vhdufk
lv dssolhg wr vrph lqlwldo vroxwlrq1 Wkhq/ d pdlq orrs lv uhshdwhg xqwlo d
vwrsslqj fulwhulrq lv vdwlv�hg1 Wklv pdlq orrs frqvlvwv ri d prgl�fdwlrq vwhs
+_shuwxuedwlrq%,/ zklfk uhwxuqv dq lqwhuphgldwh vroxwlrq fruuhvsrqglqj wr
d prgl�fdwlrq ri d suhylrxvo| irxqg orfdoo| rswlpdo vroxwlrq1

Qh{w/ orfdo vhdufk lv dssolhg wr |lhoglqj d orfdoo| rswlpdo vroxwlrq 1 Dq
_dffhswdqfh fulwhulrq% wkhq ghflghv iurp zklfk vroxwlrq wkh vhdufk lv frqwlq0
xhg e| dsso|lqj wkh qh{w _shuwxuedwlrq%1 Erwk/ wkh shuwxuedwlrq vwhs dqg
wkh dffhswdqfh whvw pd| eh lq�xhqfhg e| wkh vhdufk klvwru|1 LOV lv h{shfwhg
wr shuirup ehwwhu wkdq li zh mxvw uhvwduw orfdo vhdufk iurp d qhz udqgrpo|
jhqhudwhg vroxwlrqv1

Wkh dufklwhfwxuh ri wkh LOV lv dv iroorzv=
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Surfhgxuh LOV=

v
f
@ JhqhudwhLqlwldoVroxwlrq

v
W @ OrfdoVhdufk+vf,
Uhshdw
v
� @ Shuwxuedwlrq+vW/ klvwru|,
v
W� @ Orfdo vhdufk+v�,
v
W @ Dffhswdqfh Fulwhulrq+vW/ vW�/ klvwru|,
Xqwlo whuplqdwlrq frqglwlrq phw
Hqg

Wkh sursrvhg LOV khxulvwlfv lv edvhg rq wkh LOV phwdkhxulvwlf ghyhorshg
e| Vw�xw}oh +4<<;, dqg Nxq} +5333, wr vroyh wkh fodvvlfdo YUS1 Wkh LOV xvhg
iru wkh YUS lv wkh iroorzlqj=

Ww5 uLh |�i V+�

Vwhs 41 Vdylqjv Khxulvwlf 0 Lqlwldo Vroxwlrq

Vwhs 51 LOV iru WVS rq hdfk wrxu=

Vwhs 5141 Orfdo Vhdufk iru WVS

Vwhs 5151 Shuwxuedwlrq iru WVS

Vwhs 5161 Dffhswdqfh fulwhulrq

Vwhs 61 LOV iru wkh YUS

Vwhs 6141 OV iru wkh Dvvljqphqw Sureohp

Vwhs 6151 Shuwxuedwlrq iru YUS

Vwhs 616 Dffhswdqfh Fulwhulrq

Vwhs 71 LOV iru wkh WVS rq wkh qhz urxwhv

Zh zloo qrz suhvhqw wkh lpsohphqwdwlrq ri hdfk vwhs wkh deryh dojrulwkp
lq pruh ghwdlo1

0 Vdylqjv Khxulvwlf

Wklv lv d juhhg| khxulvwlf wr frqvwuxfw dq lqlwldo vroxwlrq1 Lw kdv ehhq
suryhg wkdw vwduwlqj iurp d udqgrp vroxwlrq jlyhv zruvw uhvxowv +Vw�xw}oh
4<<;,1 Wklv vdylqjv khxulvwlf jlyhv xv wkh wrxuv wr vwduw wkh vhdufk/ lw zdv
sursrvhg e| Fodunh dqg Zuljkw +4<95,1

0 LOV iru wkh WVS
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Rq hdfk ri wkh wrxuv rewdlqhg lq wkh vdylqjv khxulvwlf zh dsso| dq LOV1
Dw wklv vwhs ri wkh dojrulwkp zh ljqruh dq| uhodwlrq ehwzhhq urxwhv1

OV iru WVS

Wkh OV xvhg zdv d 50rsw/ wklv lv= rq d wrxu 5 frqqhfwlrqv duh h{fkdqjhg dv
vrrq dv doo fxvwrphuv duh whvwhg zlwk wkh rwkhuv/ zh kdyh d qhz frqvwhoodwlrq/
vlqfh wkhuh duh qrz qhz fuxvwv wkdw kdyh qrw ehhq fkhfnhg/ wkh surfhvv lv
uhshdwhg1 Rqo| zkhq d frpsohwh uxq zlwkrxw lpsuryhphqwv �qlvkhv/ rqh
kdv uhdfkhg d 50rsw uhvroxwlrq1

Iljxuh 4= H{dpsoh ri d 50rsw pryh iru wkh WVS

Vhdufklqj lq d frpsohwh 50rsw zrxog qrw eh h�flhqw1 Vr/ wr uhgxfh wkh
vhdufk vsdfh/ vrph whfkqltxhv duh lqwurgxfhg wkdw idvwhu wkh surfhvv dqg
vwloo duulyh wr jrrg txdolw| vroxwlrqv= D olvw ri fdqglgdwhv dqg _grq*w orrn
elwv%1 Rqh _grq*w orrn elw% lv dvvrfldwhg zlwk hdfk qrgh1 Lqlwldoo|/ doo _grq*w
orrn elwv% @ 3/ li iru d qrgh qr lpsurylqj pryh fdq eh irxqg/ wkhq _grq*w
orrn elw% lv wxuqhg rq +vhw wr 4, dqg lv qrw frqvlghuhg dv d vwduwlqj qrgh lq
wkh qh{w lwhudwlrq1 Li dq hgjh lqflghqw wr d qrgh lv fkdqjhg e| d pryh/ wkh
qrgh*v _grq*w orrn elw% lv wxuqhg r� djdlq 0 uhgxfhv wr R+q,1

Shuwxuedwlrq +Nlfn0pryh, iru WVS
Rq wkh orfdo plqlpxp wkdw kdv ehhq uhdfkhg/ zh dsso| wkh nlfn0pryh

dqg duulyh wr d qhz vwduw vroxwlrq1 Wkh jrdo khuh lv wr hvfdsh iurp orfdo
rswlpd e| dsso|lqj shuwxuedwlrqv wr wkh fxuuhqw orfdo plqlpxp1

Iru wkh OV rq wkh WVS zh xvh _grxeoh eulgjh%/ wklv shuwxuedwlrqv fxwv
irxu hgjhv/ dqg lqwurgxfhv 7 qhz rqhv1

Iljxuh 5= H{dpsoh ri d Grxeoh Eulgjh pryh1

4:



Dffhswdqfh fulwhulrq

Wkh dffhswdqfh fulwhulrq xvhg dw wklv vwhs lv ehwwhu> wklv phdqv wkdw wkh

qhz wrxu lv dffhswhg li lw kdv d orzhu frvw1

0 LOV iru wkh YUS

Wkh LOV iru wkh YUS lv lpsohphqwhg frqvlghulqj wkh lqlwldo vroxwlrq wkh

urxwhv rewdlqhg iurp wkh LOV ri wkh WVS1

OV iru wkh dvvljqphqw sureohp

Wkh orfdo vhdufk iru wkh YUS lv d 50rsw dqg djdlq d olvw ri fdqglgdwhv

dqg _grq*w orrn elwv % whfkqltxhv duh dssolhg wr uhvwulfw wkh vhdufk1

Zh kdyh wzr srvvlelolwlhv iru d 50rsw= D fxvwrphu ri d wrxu lv srvwsrqhg

lqwr dqrwkhu ru d fxvwrphu wudghv zlwk dqrwkhu fxvwrphu iurp dqrwkhu wrxu1

Iluvw/ li fdsdflw| uhvwulfwlrqv doorz dqg lw uhgxfhv frvwv/ d flw| lv lqvhuwhg lq

wkh wrxu1 Rqo| li lw fdqqrw eh lqvhuwhg/ wkhq zh fkhfn li dq h{fkdqjh zlwk

dqrwkhu wrxu lpsuryhv wkh vroxwlrq1

Iljxuh 6= H{dpsoh ri d 50rsw pryh iru wkh YUS

Wkh vdph whfkqltxhv dv lq OV iru wkh WVS duh xvhg= _grq*w orrn elw%

dqg Olvw ri fdqglgdwhv1

Nlfn0pryhv

_Qxpe0furvvhu%= Wklv shuwxuedwlrq frqvlvwv lq h{fkdqjhv d jurxs ri

fxvwrphuv iurp 5 wrxuv1 Lq wklv fdvh/ 4@6 ri wkh fxvwrphuv ri wkh wrxu duh

h{fkdqjhg1

Dffhswdqfh fulwhulrq= Ehvw/ wkh vdph dv wkh dffhswdqfh fulwhulrq iru

wkh WVS1

0 LOV iru wkh WVS rq wkh qhz urxwhv

Uhshdwv wkh LOV surfhgxuh iru wkh WVS1

4;



81415 Wkh LOV iru hdfk vwudwhj|

Wkh LOV iru wkh YUS lv qrz dgdswhg wr vroyh wkh 6 prghov iru wkh gl�huhqw

vwudwhjlhv1 Qh{w zh zloo ghvfuleh lq ghwdlo wk LOV iru hdfk ri wkhp1

Vwudwhj| 4= Vlqfh lq wklv vwudwhj| zh kdyh d fodvvlfdo YUS prgho/ iru hdfk

gd|/ zh dsso| wkh LOV wr �qg wkh ehvw gdlo| urxwhv/ dffruglqj wr wkh fdsdflw|

ri wkh yhklfoh dqg gdlo| ghpdqg1 Wkh dojrulwkp lv uhshdwhg iru vhyhudo uxqv

dqg iru hdfk gd| fkrrvhv wkh ehvw vroxwlrq1

Ohw O eh wkh wrwdo qxpehu ri orrsv=

5|h�U|�hi Lu |�i @*}Lh�|�4 uLh 5|h@|i}) �

Vwhs 4= Vhw orrs @ 3

Vwhs 5= Vhw gd| @ 4

Vwhs 61 Vdylqjv Khxulvwlf 0 Lqlwldo Vroxwlrq

Vwhs 71 LOV iru WVS rq hdfk wrxu

Vwhs 81 LOV iru wkh YUS

Vwhs 91 LOV iru wkh WVS rq wkh qhz urxwhv

Vwhs :1 Vhw gd| @ gd| . 4> Uhshdw Vwhs 6 wr 9 xqwlo gd| @ 8>

Vwhs ;1 Vhw orrs @ orrs. 4

Vwhs <1 Uhshdw Vwhs 5 wr ; xqwlo orrs @ O

Vwudwhj| 5= Lq wklv vwudwhj|/ zh kdyh frqvlghuhg d fodvvlfdo YUS prgho

wr rewdlq wkh _pdvwhu urxwhv%/ zkhuh doo fxvwrphuv duh wdnhq lqwr dffrxqw

xvlqj lwv dyhudjh ghpdqg1 Wkhuhiruh/ wr rewdlq wkh pdvwhu urxwhv zh dsso|

dq LOV1

Diwhuzdugv/ wkh urxwhv/ iru hdfk gd| ri wkh zhhn/ duh rewdlqhg lq wkh

iroorzlqj zd|= H{dfw wkh vdph urxwhv duh pdlqwdlqhg iru hdfk gd|> Holplqdwh

iurp wkh urxwhv wkh fxvwrphuv wkdw kdyh qr ghpdqg rq wkdw gd|> Li lq dq|

ri wkh urxwhv wkh fdsdflw| frqvwudlqw lv ehlqj ylrodwhg/ zh slfn xs iurp wkh

wrxu wkh fxvwrphu wkdw lv frqvlghuhg ohvv lpsruwdqw dqg zh ghohwh lw iurp

wklv wrxu dqg lqvhuw lw rq dqrwkhu wrxu1 Wklv wrxu lv fkrvhq lq vxfk d zd| dv

wr plqlpl}h urxwlqj frvwv1

4<
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Vwhs 4= Iru doo fxvwrphuv gr

Vwhs 4141 Vdylqjv Khxulvwlf 0 Lqlwldo Vroxwlrq

Vwhs 71 LOV iru WVS rq hdfk wrxu

Vwhs 81 LOV iru wkh YUS

Vwhs 91 LOV iru wkh WVS rq wkh qhz urxwhv

Vwhs 5= Vhw gd| @ 4

Vwhs 61 Iru hdfk wrxu holplqwh fxvwrphuv zlwk }hur ghpdqg

Vwhs 7= Iru hdfk wrxu/ li fdsdflw| frqvwudlqwv duh ylrodwhg

uhpryh fxvwrphu zlwk orzhvw wrwdo ghpdqg

Vwhs 8= LOV iru wkh WVS rq wkh qhz urxwhv

Vwhs 9= Vhw gd| @ gd| . 4

Vwhs := Uhshdw Vwhs 6 wr 9 xqwlo gd| @ 8>

Vwudwhj| 6= Lq wklv vwudwhj| zh idfh d pxowl0remhfwlyh frpelqdwruldo rs0
wlpl}dwlrq sureohp+PRFRS,1 Hkjrrw dqg Jdqgleohx{ +5333, surylgh dq
dqqrwdwhg eleolrjudsk| rq PRFRS1

Wzr pdlq dssurdfkhv fdq eh irxqg lq wkh phwdkhxulvwlfv iru wkh PR0
FRS= phwkrgv ri orfdo vhdufk +OV, lq remhfw vsdfh dqg srsxodwlrq edvhg
phwkrgv1 Lq wkh OV phwkrgv/ zh vwduw iurp dq lqlwldo vroxwlrqv/ dqg wkh
surfhgxuh dssur{lpdwhv d sduw ri wkh qrq0grplqdwhg iurqwlhu fruuhvsrqglqj
wr wkh vhdufk gluhfwlrq � jlyhq1 D orfdo djjuhjdwlrq phfkdqlvp ri wkh remhf0
wlyhv/ edvhg rq wkh zhljkwhg vxp/ surgxfhv wkh h�hfw wr irfxv wkh vhdufk rq
d sduw ri wkh qrq0grplqdwhg iurqwlhu1 Wkh sulqflsoh lv uhshdwhg iru vhyhudo
vhdufk gluhfwlrqv1 Lq wkh srsxodwlrq edvhg phwkrgv/ doo srsxodwlrq frq0
wulexwhv wr wkh hyroxwlrq surfhvv wrzdug wkh qrq grplqdwhg iurqwlhu1 Khuh
zh zloo xvh wkh �uvw dssurdfk/ l1h1 phwkrgv edvhg rq orfdo vhdufk1

Lq wklv fdvh/ diwhu kdylqj ghflghg wkh urxwhv iru wkh �uvw gd|/ wkh surjudp
wdnhv lqwr frqvlghudwlrq remhfwlyhv E/ wkurxjk d zkhljkwhg ixqfwlrq ri erwk
remhfwlyhv1 Wr gr wklv/ zh fdofxodwh wkh h�hfw ri d pryh rq wkh zhljkwhg
ixqfwlrq ri wkh remhfwlyhv1 Wkhq/ lq wkh dffhswdqfh fulwhulrq/ d qhz vroxwlrq
lv dffhswhg li wkh zhljkwhg ixqfwlrq kdv lpsuryhg1 Wkh dojrulwkp lv uhshdwhg
iru vhyhudo gl�huhqw vhwv ri zhljkwv1 Doo wkh qrq0grplqdwhg vroxwlrqv duh nhhs
gxulqj wkh uxq ri wkh dojrulwkp1

D remhfwlyh ixqfwlrq ] lv xvhg dv zhljkwhg ixqfwlrq/ zklfk lv d zhljkwhg
vxp ri wkh vlqjoh remhfwlyhv D dqg E=
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Ohw io eh wkh vlqjoh remhfwlyh ixqfwlrq ri remhfwlyh u/

] @

2[

o'�

zoio dqg

2[

o'�

zo @ 4

Wkh vroxwlrq lv yhu| vhqvlwlyh wr wkh zhljkwv wkdw kdyh ehhq gh�qhg1 Wkh

sureohp olhv dovr rq kdylqj remhfwlyhv zlwk gl�huhqw yduldeohv dqg vfdohv1 Lq

rxu fdvh/ iru h{dpsoh zh duh dgglqj frvwv dqg txdqwlwlhv1

Qrwdwlrq=

z@ zhljkw iru Remhfwlyh D/ zlwk 3 � z@ � 4>

zK zhljkw iru Remhfwlyh E/ zlwk 3 � zK � 4>

dqg

z@ . zK @ 4

} @ z@+RemhfwlyhD, .zK+RemhfwlyhE,

5|h�U|�hi Lu |�i @*}Lh�|�4 uLh 5|h@|i}) �

Vwhs 4= Vhw z@ @ 4 dqg zK @ 3

Vwhs 5= Vhw gd| @ 4

Vwhs 61 Vdylqjv Khxulvwlf 0 Lqlwldo Vroxwlrq

Vwhs 71 LOV iru WVS rq hdfk wrxu

Vwhs 81 LOV iru wkh YUS

Vwhs 8141 OV iru wkh Dvvljqphqw Sureohp

Vwhs 81414 Iru hdfk pryh fdofxodwh wkh h�hfw rq remhfwlyh D dqg E

Vwhs 81414 Dffhsw rqo| li wkh qhz } lv vpdoohu

Vwhs 8151 Shuwxuedwlrq iru YUS

Vwhs 8161 Uhshdw Vwhs 614

Vwhs 816 Dffhswdqfh Fulwhulrq

Vwhs 91 LOV iru wkh WVS rq wkh qhz urxwhv

Vwhs :1 Vhw gd| @ gd| . 4> Uhshdw Vwhs 6 wr 9 xqwlo gd| @ 8>

Vwhs ;1 Vhw z@ @ z@ � 3=4 dqg zK @ zK . 3=4

Vwhs <1 Uhshdw Vwhs 5 wr ; xqwlo z@ @ 4 dqg ze @ 3
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Wkh pdlq remhfwlyh ri wklv h{shulhqfh lv wr hydoxdwh wkh wkuhh vwudwhjlhv dqg
dqdo|}h wkh h�hfw ri hdfk remhfwlyh lq wkh vroxwlrqv1 Zlwk wklv sxusrvh zh
kdyh dssolhg wkh deryh dojrulwkpv rq vhyhudo vhwv ri udqgrpo| jhqhudwhg
h{dpsohv1 Wkh uhvxowv duh h{suhvvhg lq whupv ri wkh ydoxhv ri wkh remhfwlyhv
dqg wrwdo qxpehu ri yhklfohv qhhghg1 Iru hdfk vwudwhj| wzr ydoxhv zhuh
fdofxodwhg= wkh Urxwlqj Frvw dqg wkh Pdunhwlqj +ru vhuylfh, Ydoxh +wkhvh
duh wkh wzr remhfwlyhv ri vwudwhj| 6,1 Wkh �uvw lv phdvxuhg lq glvwdqfh dqg
wkh vhfrqg fdq eh lqwhusuhwhg dv wkh xqlw frvw iru wkh glvwulexwru iru qrw
vhuylqj d fxvwrphu zlwk wkh vdph vdohvpdq/ zrunlqj lq d vlplodu zd| dv
shqdow| frvw1

Qh{w zh zloo h{sodlq wkh gdwd xvhg dqg dqdo|}h vrph lpsruwdqw uhvxowv
ri wklv h{shulphqw1

S�� A�i _@|@

Iru wkh frpsxwdwlrqdo h{shulphqw/ zh kdyh jhqhudwhg vhyhudo vhwv ri h{dp0
sohv frqfhuqlqj wkh wrwdo qxpehu ri fxvwrphuv +83> 433> 533> 733,1 Dovr/ zh
kdyh h{dpsohv zlwk wzr w|shv ri ghpdqg +orz yduldwlrq dqg kljk yduldwlrq,
dqg wzr w|shv ri yhklfohv fdsdflw|/ kljk dqg orz1

Wr rewdlq wkh ghpdqg/ zh kdyh xvhg d qrupdo glvwulexwlrq zlwk phdq
83 dqg vwdqgdug ghyldwlrq 53 iru wkh fdvh ghpdqg kdv d kljk yduldwlrq dqg
d vwdqgdug ghyldwlrq ri 8 iru wkh h{dpsohv zlwk orz yduldwlrq1 Iru hdfk
gd|/ rq dyhudjh/ 58( ri wkh fxvwrphuv kdyh }hur ghpdqg1 Wklv lpsolhv wkdw
lq d sureohp ri 433 fxvwrphuv/ zlwk 8 gd|v zhhn/ zh zloo kdyh durxqg 6:8
gholyhulhv wr pdnh1

Wkh fxvwrphuv orfdwlrqv duh xqlirupo| jhqhudwhg lq d 433� 433 vtxduh
zlwk wkh ghsrw orfdwhg lq wkh fhqwhu zlwk wkh frruglqdwhv +83> 83,1

Wuxfn fdsdflw| lv 633 iru sureohpv ri vl}hv 83/ 433/ 533 dqg :33 iru vl}h
7331 Dovr uxq fdvhv zlwk vl}h 533 dqg fdsdflw| 8331 Lq wrwdo zh kdyh vwxglhg
63 h{dpsohv iru hdfk vwudwhj|/ wkhuhiruh zh zloo frqvlghu <3 sureohpv shu
uxq1

S�2 �?@*)t�t Lu |�i hit�*|t

Lq wklv vhfwlrq zh zloo suhvhqw wkh uhvxowv rewdlqhg iru hdfk h{dpsoh lq whupv
ri wkh remhfwlyh ixqfwlrqv ydoxhv/ qxpehu ri yhklfohv xvhg/ qrq0grplqdwhg
vroxwlrqv dqg uxq wlphv1

Zh fdq vwduw looxvwudwlqj wkh dlp ri wkh gl�huhqw vwudwhjlhv e| orrnlqj
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dw d vpdoo h{dpsoh zlwk 5 gd|v dqg d ihz fxvwrphuv= lq Iljxuh 7 zh kdyh
wkh urxwhv iru wzr gd|v/ lq vwudwhj| 4/ 5 dqg 61 Vwudwhj| 4 kdv ihzhu dqg
pruh h�flhqw urxwhv lq whupv ri glvwdqfh/ Vwudwhj| 5 kdv pruh urxwhv/ exw
wkh urxwhv duh wkh vdph iru hdfk gd|1 Dqg/ Vwudwhj| 6/ kdv d vroxwlrqv wkdw
lv qrw frpsohwho| h�flhqw lq whupv ri glvwdqfh/ exw doorzlqj iru d ehwwhu
vhuylfh ohyho1

Day 1

 Route 1 Route 2

Day 2

Route 1 Route 2

Day 1

Route 1 Route 2 Route 3

Day 2

Route 1 Route 2 Route 3

Day 1

Route 1 Route 2

Day 2

Route 1 Route 2

Strategy 1

Strategy 2

Strategy 3

Iljxuh 7= Urxwhv iru Vwudwhj| 4/ 5 dqg 61

Wdeoh 4 dqg 5 vkrz wkh uhvxowv iru hdfk h{dpsoh dqg iru hdfk vwudwhj|1
Vwudwhj| 4 wulhv wr �qg orzhvw frvw/ vwudwhj| 5 wkh ehvw vhuylfh ohyho dqg
vwudwhj| 6 wkh vhw ri qrq0grplqdwhg vroxwlrqv zlwk uhvshfw wr wkh lqwhjudwhg
vwudwhj|1 Zh fdq revhuyh wkdw/ dv h{shfwhg/ vwudwhj| 4 zloo dozd|v jlyh xv
wkh vroxwlrq zlwk wkh orzhvw remhfwlyh D dqg wkh kljkhvw remhfwlyh E zkhq

56



frpsduhg zlwk vwudwhj| 51 Lq wkh vwudwhj| 5 zh kdyh pxfk orzhu pdunhwlqj
ydoxhv exw wkh frvw ri urxwhv lqfuhdvhv vljql�fdqwo|1

Frqfhuqlqj Vwudwhj| 6/ zh fdq vd| wkdw/ lq doprvw hyhu| h{dpsoh/ zh fdq
�qg pruh wkdq rqh qrq0grplqdwhg vroxwlrq1 Lq fdvh 7/ iru h{dpsoh zh kdyh
7 qrq0grplqdwhg vroxwlrqv dqg lw zrxog eh wkh uhvsrqvlelolw| ri wkh ghflvlrq
pdnhu wr ghflgh rq rqh ri wkh dowhuqdwlyhv1
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N Example a b a b a b

50 1 14344,15 36840 17018,9326 3306,00 14510,3408 32327

14344,1455 36840

2 13589,47 38538 16304,18 13589,4697 13755,11 35826

13697,92 38148

13589,47 38538

13680,72 38278

3 13225,97 40284 15744,37 4997 13289,63 36178

13228,96 40284

13278,06 40140

4 11710,85 32341 15597,20 5950 11850,30 25753

11811,55 31776

11710,85 32341

11788,70 32289

5 13452,19 38084 16832,33 3012 13541,62 30733

13462,15 38426

13473,14 38198

13485,40 37925

100 6 22970,35 75096 28356,94 8368 23240,29 64967

23033,34 75012

22971,54 75096

23162,88 74404

23153,67 74601

7 21999,94 73497 27755,47 7209 22045,08 61244

22041,77 73416

21999,94 73497

8 21839,25 74834 26873,79 10264 21907,99 63623

21839,25 74834

9 17062,82 70744 24874,82 5045 17236,27 59365

17036,71 70838

17220,50 69385

17167,73 70579

10 22383,01 76252 27892,61 5987 22632,56 63871

22467,32 76110

22493,46 75632

22462,16 76252

200 11 40438,9102 152536 52738,0898 19418 40682,9297 132320

40438,9102 152536

40484,59 152292

12 40420,20 152564 52089,76 9967 40757,39 134118

40420,20 152564

13 38484,12 151187 49881,28 19803 38498,67 131916

38423,13 150677

14 38481,27 148056 47837,33 9999 38681,92 129944

38710,30 147051

Strategy 1 Startegy 3Strategy 2

Wdeoh 4= Urxwlqj Frvw +d, dqg Pdunhwlqj Ohyho +e, iru Vwudwhj| 4/ 5 dqg 61
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N Example a b a b a b

200 16 28589,23 152040 35849,68 8375 28883,37 132744

(cap=500) 28782,42 151361

28780,13 151569

28686,55 151883

28551,02 152164

28630,92 152040

17 28675,59 150844 34171,21 2096 28814,46 130891

28711,49 150542

28704,59 150844

18 27350,06 149576 33919,55 9715 27511,86 130867

27474,54 149315

27255,56 150108

27503,72 149261

27397,52 149435

27371,87 149576

19 27674,9883 147608 33632,543 9637 27676,8105 128579

27613,74 147754

20 27836,23 152388 34002,28 9320 28035,45 130763

27896,09 151456

27824,33 151509

27990,09 151355

400 21 40013,37 304388 49637,54 9607 40120,91 260814

40101,29 304184

40023,38 304388

22 39758,16 308956 47691,43 9401 39961,71 270449

39845,06 308604

39842,24 308956

23 39576,79 300057 47635,00 6954 39658,17 255775

39584,53 299568

24 39949,22 302980 47978,58 9525 40022,79 266906

39956,93 303057

39970,21 302980

25 39552,16 299976 46682,13 9538 39593,31 264664

39583,24 299976

50 26 12606,09 37756 11465,43 2032 12870,39 33258

(low stdev) 12716,2236 37124

12606,09 37756

12867,78 36802

27 13752,04 37759 11913,72 0 13861,01 34403

13715,64 37757

13855,72 37428

28 12723,78 39888 11096,46 0 12820,78 33940

12781,623 39888

29 12468,2988 32983 11225,9092 0 12571,04 25854

Strategy 2 Strategy 3Strategy 1

Wdeoh 5= Urxwlqj Frvw +d, dqg Pdunhwlqj Ohyho +e, iru Vwudwhj| 4/ 5 dqg 61
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Lq Iljxuh 5 zh fdq vhh wkh vhw ri doo vroxwlrqv rewdlqhg iru 55 lwhudwlrqv iru
dq h{dpsoh ri 83 fxvwrphuv1 Wkh eoxh vtxduhv fruuhvsrqg wr wkh grplqdwhg
vroxwlrqv dqg wkh uhg vtxduhv fruuhvsrqg wr qrq0grplqdwhg vroxwlrqv1

24600

26600

28600

30600

32600

34600

11600 11700 11800 11900 12000 12100

Objective A

O
bj

e
ct

iv
e

 B

Non-dominated Solutions

Dominated Solutions

Iljxuh 8= H{dpsoh ri d vhw ri grplqdwhg dqg qrq0grplqdwhg vroxwlrqv iru
Vwudwhj| 61

Wkh qxpehu ri yhklfohv qhhghg iru hdfk vroxwlrq vwudwhj| dovr ydulhv dqg
wklv lv uh�hfwhg lq wkh wrwdo glvwdqfh frvw1 Lq Wdeoh 6> zh fdq revhuyh wkhvh
gl�huhqfhv1 Wkh pdvwhu urxwhv dssurdfk kdv dozd|v pxfk kljkhu qxpehu ri
yhklfohv d zhhn/ wklv kdsshqv gxh wr wkh surfhgxuh ri wkh urxwhv ghvljq/ wkh|
duh frqvwuxfwhg frqvlghulqj doo fxvwrphuv/ dqg wkhq iru hdfk gd| holplqdwlqj
wkh rqhv zlwk qr ghpdqg1 Zkhq frqvwuxfwlqj wkh _pdvwhu urxwhv% zh kdyh
xvhg wkh gdlo| dyhudjh ghpdqg ri hdfk fxvwrphu1 Qrqhwkhohvv/ li zh kdg
fkrvhq kljkhu ydoxhv iru wkh ghpdqg/ dvvrfldwhg zlwk hdfk fxvwrphu/ wkh
kljkhu wkh qxpehu ri yhklfoh xvhg lq wkh _pdvwhu urxwhv% dqg wkh orzhu wkh
pdunhwlqj remhfwlyh1

Frpsdulqj wkh qxpehu ri yhklfohv iurp Vwudwhj| 4 dqg Vwudwhj| 6 zh
revhuyh wkdw/ rq dyhudjh/ Vwudwhj| 6 kdv wkh vdph ru d kljkhu qxpehu ri
yhklfohv/ wklv lv gxh wr wkh h{lvwhqfh ri wkh vhfrqg remhfwlyh/ wkdw lqwurgxfhv
d suhihuhqfh iru vhuylfh udwkhu wkdq glvwdqfh1 Wr kdyh d ehwwhu vhuylfh zh

5:



N Strategy 1 Strategy 2 Strategy 3

50 36 44 36

100 68 84 68

200 135 167 135

200(cap=500) 80 99 81

400 114 141 114

50 (low stdev) 36 26 36

Iljxuh 4= Wdeoh 6= Dyhudjh qxpehu ri yhklfohv qhhghg shu zhhn/ iru Vwudwhj|
4/ 5 dqg 61

qhhg wr vdful�fh wkh urxwlqj h�flhqf| dqg wklv fdq sdvv wkurxjk wkh xvh ri
dq dgglwlrqdo yhklfoh1

Lq whupv ri uxqqlqj wlph/ wkh lpsruwdqfh ri wkh uhvxowv fdq eh ryhu0
vwuhvvhg1 Wkh �uvw dqg wklug vwudwhjlhv duh wkh rqhv wkdw wdnh pruh wlph wr
frpsxwh1 Exw/ vlqfh zh duh uhihuulqj wr vwudwhjlf sodqqlqj/ lw grhv qrw vhhp
lqh�flhqw iru d �up/ zlwk d qhwzrun ri 733 fxvwrphu/ wr vshqg rqh krxu rq
d vwudwhjlf sodqqlqj wdvn iru d zhhn1 Wdnh lqwr frqvlghudwlrq wkdw lq pdq|
fdvhv wkh zhhn sodqqlqj sdwwhuq lv uhshdwhg lq wkh qh{w zhhnv1 Wdeoh 7 vxp0
pdul}hv uxqqlqj wlphv1 Iru Vwudwhj| 4 dqg 6 zh kdyh grqh wkh vdph qxpehu
ri lwhudwlrqv1 Wkh pdjqlwxgh ri wkh gl�huhqfh lq uxq wlph ri vwudwhj| 5 lv
gxh wr wkh idfw wkdw zh rqo| uxq iru rqfh wkh YUS/ iru wkh pdvwhu fdvh1 Rq
wkh rwkhu wzr vwudwhjlhv zh kdyh wr uxq YUS iru hdfk gd| ri wkh sdqqlqj
shulrg vhyhudo wlphv1
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N Strategy 1 Strategy 2 Strategy 3

50
146,19 2,32 142,40

100
383,95 6,24 384,38

200
1116,73 17,09 1076,41

200(cap=500)
1497,82 21,13 1409,40

400
3199,07 29,07 3088,93

50 (low stdev) 152,59 3,05 149,16

Wdeoh 7= Dyhudjh uxq wlph lq vhfrqgv/ shu sureohp vl}h/ iru Vwudwhj| 4/ 5
dqg 61

Ilqdoo|/ lq Wdeoh 8 zh vkrz wkh uhvxowv ri rwkhu yhuvlrqv ri dojrulwkp iru
vwudwhj| 61 Lq yhuvlrq 5 zh kdyh lqwurgxfhg pruh lwhudwlrqv iru hdfk zhljkw1
Dqg/ lq yhuvlrq 6 zh kdyh grqh pruh lwhudwlrqv iru wkh LOV iru hdfk gd|/
dqg nhsw wkh vdph qxpehu ri lwhudwlrqv shu zhljkw1 Iurp wkh uhvxowv zh
fdq frqfoxgh wkdw e| doorzlqj pruh uxqqlqj wlph/ wkh dojrulwkp ri yhuvlrq
5/ rq dyhudjh/ jlyhv pruh qrq0grplqdwhg vroxwlrqv lq 6 ri wkh 8 sureohpv1
Lq yhuvlrq 6/ rq dyhudjh wkh qxpehu ri qrq0grplqdwhg vroxwlrqv lv vpdoohu
wkdq lq wkh rwkhu yhuvlrqv exw zh duh deoh wr lpsuryh wkh vroxwlrqv/ zkhq
frpsdulqj zlwk yhuvlrq 4 dqg 51
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Examples a b a b a b

1 14510,34 32327 14510,34 32327 14372,34 32327

14344,15 36840 14376,34 36570 14251,39 36840

14318,05 36840

Run Time 151,60 369,65 406,61

2 13755,11 35826 13755,11 35826 13657,49 35826

13697,92 38148 13697,92 38148 13631,61 38148

13589,47 38538 13680,72 38278 13944,69 39060

13680,72 38278 13644,05 38376

13589,47 38538

Run Time 141,22 358,72 386,46

3 13289,63 36178 13289,63 36178 13235,85 35668

13228,96 40284 13224,70 40284 13229,69 40148

13278,06 40140 13183,31 40284

Run Time 150,23 378,33 398,76

4 11850,30 25753 11850,30 25753 11812,68 25393

11811,55 31776 11805,80 31416 12126,23 31416

11710,85 32341 11751,11 32062

11788,70 32289 11710,85 32341

Run Time 123,64 311,10 329,89

5 13541,62 30733 13541,62 30733 13515,69 30336

13462,15 38426 13485,40 37925 13441,13 36998

13473,14 38198 13452,19 38084 13364,65 38084

13485,40 37925

Run Time 145,33 368,83 397,50

Startegy 3, version 3Startegy 3, version 2Startegy 3, version 1

Wdeoh 8= Urxwlqj Frvw +d, dqg Pdunhwlqj Ohyho +e, iru wkh qrq grplqdwhg
vroxwlrqv ri Vwudwhj| 6/ iru 6 gl�huhqw yhuvlrqv ri wkh dojrulwkp1

. 5�44@h) @?_ �L?U*�t�L?t

Lq wklv sdshu zh kdyh h{soruhg gl�huhqw glvwulexwlrq vwudwhjlhv wr dqdo|}h
dq lqwhjudwhg glvwulexwlrq sureohp1 Wkh vwudwhjlhv fryhu d zhhn sodqqlqj
krul}rq dqg uh�hfw gl�huhqw zd|v ri orrnlqj dw wkh glvwulexwlrq sureohp1
Wkh �uvw vwudwhj| lv wkh fodvvlfdo YUS dssurdfk/ zklfk uh�hfwv rqo| wudqv0
sruwdwlrq frvw= Iru hdfk gd| ri wkh sodqqlqj krul}rq wkh urxwhv duh ghvljqhg
plqlpl}lqj urxwlqj frvwv1 Wkh vhfrqg vwudwhj| lv d pruh fxvwrphu rulhqwhg
vwudwhj| edvhg rq fxvwrphu uhodwlrqvkls pdqdjhphqw sulqflsoh/ zkhuh pdv0
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whu urxwhv duh frqvwuxfwhg wr hqvxuh d pdunhwlqj srolf| zkhuh hdfk fxvwrphu
lv dozd|v vhuyhg e| wkh vdph gulyhu1 Wkh wklug vwudwhj| lv d pxowl0remhfwlyh
frpelqdwruldo rswlpl}dwlrq sureohp zlwk wzr remhfwlyhv= plqlpl}lqj frvw
dqg lpsurylqj fxvwrphu vhuylfh1 Wklv wklug vwudwhj| uhvxowv iurp wkh lqwh0
judwlrq ri wkh wzr rwkhu vwudwhjlhv dqg eulqjv wrjhwkhu wzr lpsruwdqw duhdv
lq pdq| lqgxvwulhv= Glvwulexwlrq dqg Pdunhwlqj1 Wkh lghd zdv wr frpsduh
wklv qhz dssurdfk zlwk wkh rwkhu wzr vwudwhjlhv1

Iru hdfk ri wkh deryh vwudwhj| zh kdyh suhvhqwhg d pdwkhpdwlfdo prgho
dqg d khxulvwlf surfhgxuh/ edvhg rq wkh LOV/ wr vroyh wkh sureohpv1 Wkhq/
wkh wkuhh dojrulwkpv zhuh dssolhg wr d vhw ri udqgrpo| jhqhudwhg lqvwdqfhv1
Wkh pdlq frqfoxvlrq lv wkdw wkh pxowl0remhfwlyh prgho jlyhv vhyhudo qrq0
grplqdwhg vroxwlrqv/ wkdw fdq eh vhhq dv d jrrg edodqfh ehwzhhq rswlpl}0
lqj wkh wudqvsruwdwlrq frvw ru fxvwrphu vhuylfh1 Wkh ghflvlrq pdnhu kdv
wr fkrrvh wkh vroxwlrq zklfk phhwv ehwwhu klv exvlqhvv qhhgv/ vlqfh frvw
plqlpl}dwlrq lv qrw wkh rqo| frqfhuq lq glvwulexwlrq pdqdjhphqw1

Wkhuh duh vhyhudo srvvleoh h{whqvlrqv ri wklv zrun/ rqh lv lq wkh duhd ri wkh
phwdkhxulvwlfv dqg khuh lw zrxog eh lqwhuhvwlqj wr ghyhors pxowl0remhfwlyh
srsxodwlrq edvhg phwdkhxulvwlf wr vroyh wkh pxowl0remhfwlyh prgho dqg wr
shuirup d frpsdulvrq zlwk wkh fxuuhqw dssurdfk1 Wkh vhfrqg h{whqvlrq
zrxog eh wr lqfoxgh rwkhu remhfwlyhv wkdw zrxog uh�hfw gl�huhqw exvlqhvv
qhhgv/ dv iru h{dpsoh/ wkh rqh ri edodqflqj wkh urxwhv1 Wklv lv sduwlfxoduo|
lqwhuhvwlqj li zh dvvxph wkdw gulyhu*v uhpxqhudwlrq lv uhodwhg zlwk wuxfn
ordglqj1 Lq wklv fdvh/ zh zrxog eh vwxg|lqj wkh lqwhjudwlrq ghflvlrqv zlwk
wkh Kxpdq Uhvrxufhv ghsduwphqw1

+iuihi?Uit

^4` Erglq/ O1 +4<;6,1 _Urxwlqj dqg Vfkhgxolqj ri Yhklfohv dqg Fuhzv/ Wkh
vwdwh ri wkh duw1% Frpsxwhuv ) Rshudwlrqv Uhvhdufk 43= 9605441

^5` Fkulvwr�ghv/ Q1/ D1 Plqjr}}l/ hw do1 +4<:<,1 Wkh Yhklfoh Urxwlqj sure0
ohp1 Frpelqdwruldo Rswlpl}dwlrq1 Q1 Fkulvwr�ghv/ D1 Plqjr}}l/ S1 Wrwk
dqg Vdxgl1 Qhz \run/ Mrkq Zloh| ) Vrqv= 648066;1

^6` Fkulvwrskhu/ P1 +4<<;,1 Orjlvwlfv dqg Vxsso| Fkdlq Pdqdjhphqw=
Vwudwhjlhv iru uhgxflqj frvw dqg lpsurylqj vhuylfh/ Ilqdqfldo Wlphv/
Suhqwlfh Kdoo1
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^7` Fodunh/ J1 dqg M1 Z1 Zuljkw +4<97,1 _Vfkhgxolqj ri yhklfohv iurp d
fhqwudo ghsrw wr d qxpehu ri gholyhu| srlqwv1% Rshudwlrqv Uhvhdufk 45=
89;08;41

^8` Frughdx/ M1 I1/ J1 Odsruwh/ hw do1 +5335,1 _D jxlgh wr yhklfoh urxwlqj
khxulvwlfv1% Mrxuqdo ri wkh Rshudwlrqdo Uhvhdufk Vrflhw| 86= 84508551

^9` Fudlqlf/ W1 J1 dqg J1 Odsruwh +4<<;,1 Iohhw Pdqdjhphqw dqg Orjlvwlfv1
Fhqwuh iru Uhvhdufk rq Wudqvsruwdwlrq/ Noxzhu Dfdghplf Sxeolvkhuv1

^:` Ghvurvlhuv/ M1 /Gxpdv/ \1/ Vrorprq/ P1P1/ dqg Vrxplv/ I1 +4<<9,/ _Wkh
urxwlqj dqg Vfkhgxolqj% lq Qhwzrunv dqg Glvwulexwlrq/ Kdqgerrnv lq
RU dqg PV/ Qruwk0Kroodqg/ Dpvwhugdp1

^;` Hkujrww/ P1 dqg [1 Jdqgleohx{ +5333,1 Dq Dqqrwdwhg Eleolrjud0
sk| ri Pxowlremhfwlyh Frpelqdwruldo Rswlpl}dwlrq/ Xqlyhuvlwdw Ndlvhu0
vodxwhuq1

^<` Ilvkhu/ P1O1/ Mdlnxpdu +4<:;,/ _D ghfrpsrvlwlrq dojrulwkp iru odujh0
vfdoh yhklfoh urxwlqj%/ uhsruw :;044038/ Ghsduwphqw ri ghflvlrq Vflhqfhv/
Wkh Zkduwrq Vfkrro/ Xqlyhuvlw| ri Shqqv|oydqld/ Sklodghoskld ^45>5/6`1

^43` Ilvkhu/ P1O1/ Mdlnxpdu +4<;4,/ _D jhqhudol}hg dvvljqphqw khxulvwlf iru
yhklfoh urxwlqj%/ Qhwzrunv 44/ 43<0457^45=5/7`1

^44` Ilvkhu/ P1 O1 +4<<8,1 Yhklfoh Urxwlqj1 Qhwzrun Urxwlqj1 P1R1Edoo/ W1
O1 Pdjqdqwl/ F1 O1 Prqpd dqg J1 O1 Qhpkdxvhu1 Dpvwhugdp/ Qruwk0
Kroodqg1 ;= 40661

^45` Jrxyhld/ O1 +4<<8,/ _D uhvxow rq surmhfwlrq iru wkh Yhklfoh Urxwlqj
Sureohp%/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk ;8/ 94309571

^46` Krqj/ V10F1 dqg \10E1 Sdun +4<<<,1 _D khxulvwlf iru el0remhfwlyh yh0
klfoh urxwlqj zlwk wlph zlqgrzv frqvwudlqwv1% Lqwhuqdwlrqdo Mrxuqdo ri
Surgxfwlrq Hfrqrplfv 95= 57<058;1

^47` Nxonduql/ U1 Y1 dqg S1U1Ekdyh +4<;8,1 _Lqwhjhu surjudpplqj irupx0
odwlrqv ri yhklfoh urxwlqj sureohpv1% Hxurshdq Mrxuqdo ri Rshudwlrqdo
Uhvhdufk 53= 8;09:1

^48` Nxq}/ F1 +5333,1 Lwhulhuwh Orndoh Vxfkh xu gdv Yhklfoh0Urxwlqj Sure0
ohp/ WX Gdpvwdgw1
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^49` Odsruwh/ J1 +4<<5,1 _Wkh Yhklfoh Urxwlqj Sureohp= Dq ryhuylhz ri
h{dfw dqg dssur{lpdwh dojrulwkpv1% Hxurshdq Mrxuqdo ri Rshudwlrqdo
Uhvhdufk 8<= 678068;1

^4:` Odsruwh/ J1 dqg Rvpdq/ L1K1 +4<<8,/ _Urxwlqj sureohpv= D eleolrjud0
sk|%/ Dqqdov ri Rshudwlrqv Uhvhdufk1

^4;` Odsruwh/ J1 dqg L1 K1 Rvpdq +4<<9,1 _Phwdkhxulvwlfv= D eleolrjudsk|1%
Dqqdov ri Rshudwlrqv Uhvhdufk 96= 84609561

^4<` Odzhu/ H1O1/ Ohqvwud/ M1N1/ Ulqqrr| Ndq/ D1K1J1 dqg Vkpr|v/ G1E1
+4<;8,/ _Wkh Wudyholqj Vdohvpdq Sureohp%/ Zloh| ) Vrqv Owg1

^53` Ohh/ W1 dqg Xhqj/ M1 +4<<<,/ _D vwxg| ri yhklfoh urxwlqj sureohpv
zlwk ordg0edodqflqj%/ Lqwhuqdwlrqdo Mrxuqdo ri Sk|vlfdo Glvwulexwlrq )

Orjlvwlfv Pdqdjhphqw/ Yro15</ Qr143/ 979098;1

^54` Orxuhqfr/ K1/ Pduwlq/ R1 dqg Vw�xw}oh W1 +5334,/ _D Ehjlqqhu*v Lqwur0
gxfwlrq wr Lwhudwhg Orfdo Vhdufk1%/ Lq Surfhhglqjv ri PLF 5334/ sdjhv
409/ Sruwr/ Sruwxjdo/ Mxo| 53341

^55` Orxuhqfr/ K1/ Pduwlq/ R1 dqg Vw�xw}oh W1 +5335,/ _Lwhudwhg Orfdo
Vhdufk1%/ Lq I1 Joryhu dqg J1 Nrfkhqehujhu/ hglwruv/ Kdqgerrn ri
Phwdkhxulvwlfv/ sdjhv 6540686/ Noxzhu Dfdghplf Sxeolvkhuv/ Qruzhoo/
PD1

^56` Sduw|nd/ M1 J1 dqg U1 Z1 Kdoo +5333,1 _Rq wkh Urdg wr Vhuylfh%1
RU2PV Wrgd|+Dxjxvw 5333,= 590681

^57` Vlpfkl0Ohyl/ G1/ S1 Ndplqvn|/ hw do1 +5336,1 Ghvljqlqj dqg Pdqdjlqj
wkh Vxsso| Fkdlq= Frqfhswv/ Vwudwhjlhv dqg Fdvh Vwxglhv/ PdfJudz0
Kloo/ Luzlq1

^58` Vw�xw}oh/ W1 J1 +4<<;,1 Orfdo Vhdufk Dojrulwkpv iru Frpelqdwruldo Sure0
ohpv 0 Dqdo|vlv/ Lpsuryhphqwv/ dqg Qhz Dssolfdwlrqv1 Ghsduwphqw ri
Frpsxwhu Vflhqfh/ Gdupvwdgw Xqlyhuvlw| ri Whfkqrorj|1

^59` Wrwk/ S1 dqg G1 Yljr +5335,1 _Prghov/ uhod{dwlrqv dqg h{dfw dssurdfkhv
iru wkh fdsdflwdwhg yhklfoh urxwlqj sureohp1% Glvfuhwh Dssolhg Pdwkh0
pdwlfv 456= 7;:08451
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