
W?�i?|Lh)�+L�|�?} �L_i*c uLh @ 4�*|��Tih�L_

ThLM*i4 ��|� t|LU�@t|�U @?_ _i|ih4�?�t|�U _i4@?_�

+�|@ +�Mi�hL
W Oi*i?@ +� wL�hi?
UL_

Devwudfw

Wkh qhhg iru lqwhjudwlrq lq wkh vxsso| fkdlq pdqdjhphqw ohdgv xv

wr frqvlghu wkh frruglqdwlrq ri wzr orjlvwlf sodqqlqj ixqfwlrqv= wudqv0

sruwdwlrq dqg lqyhqwru|1 Wkh frruglqdwlrq ri wkhvh dfwlylwlhv fdq eh

dq h{wuhpho| lpsruwdqw vrxufh ri frpshwlwlyh dgydqwdjh lq wkh vxsso|

fkdlq pdqdjhphqw1 Wkh edwwoh iru frvw uhgxfwlrq fdq sdvv wkurxjk wkh

htxloleulxp ri wudqvsruwdwlrq yhuvxv lqyhqwru| pdqdjlqj frvwv1 Lq wklv

zrun/ zh vwxg| wkh vshfl�f fdvh ri dq lqyhqwru|0urxwlqj sureohp iru

d zhhn sodqqlqj shulrg zlwk gl�huhqw w|shv ri ghpdqg1 D khxulvwlf

phwkrgrorj|/ edvhg rq wkh Lwhudwhg Orfdo Vhdufk/ lv sursrvhg wr vroyh

wkh Pxowl0Shulrg Lqyhqwru| Urxwlqj Sureohp zlwk vwrfkdvwlf dqg gh0

whuplqlvwlf ghpdqg1

Nh|zrugv= Lqyhqwru|0Urxwlqj/ Lwhudwhg Orfdo Vhdufk/ Orjlvwlfv1

MHO= F94/ F96/ P4<

� W?|hL_�U|�L?

Lq pdq| lqgxvwulhv/ wkh orjlvwlf sodqqlqj ixqfwlrqv ri wudqvsruwdwlrq dqg

lqyhqwru| sod| dq lpsruwdqw uroh dqg lqwhjudwlqj wkhvh wzr duhdv pd| ohdg wr

vljql�fdqw jdlqv dqg pruh frpshwlwlyh glvwulexwlrq vwudwhjlhv1 Wkh frruglqd0

wlrq ri wkhvh dfwlylwlhv fdq eh dq h{wuhpho| lpsruwdqw vrxufh ri frpshwlwlyh

dgydqwdjh lq wkh vxsso| fkdlq pdqdjhphqw1 Wkh edwwoh iru frvw uhgxfwlrq
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fdq sdvv wkurxjk wkh htxloleulxp ri wudqvsruwdwlrq frvwv yhuvxv lqyhqwru|
pdqdjlqj frvwv1

Erwk wkh Yhklfoh Urxwlqj +YU, dqg wkh Lqyhqwru| Pdqdjhphqw +LP,
sureohpv kdyh ehhq h{whqvlyho| vwxglhg vhsdudwho| dqg wkhuh h{lvwv d ydvw
dprxqw ri olwhudwxuh rq wkhvh duhdv1 Krzhyhu/ zkhq orrnlqj dw wkh wzr sure0
ohpv wrjhwkhu/ wkh dprxqw ri zrun irxqg lv pxfk ohvv1 Pdq| prghov kdyh
ehhq sursrvhg iru lqyhqwru| sureohpv zlwk qr urxwlqj ghflvlrqv frqvlghuhg
dqg pdq| vwxglhv h{lvwv rq yhklfoh urxwlqj sureohpv lq zklfk qr lqyhqwru|
pdqdjhphqw lv phqwlrqhg1

Wkh sureohp wkdw frqvlghuv YU dqg LP ghflvlrqv wrjhwkhu lv nqrzq dv
wkh Lqyhqwru| Urxwlqj Sureohp +LUS,1 Wkh pdlq remhfwlyh lq wkh LUS lv wr
ghvljq wkh vhw ri urxwhv dqg gholyhu| txdqwlwlhv wkdw plqlpl}h wudqvsruwdwlrq
frvw zkloh frqwuroolqj lqyhqwru| frvwv1 Frqvlghulqj wkhvh wzr sureohpv lq dq
lqwhjudwhg pdqqhu fdq uhgxfh wrwdo frvwv1

Wkh prgho zh sursrvh lv d Pxowl0Shulrg Lqyhqwru|0Urxwlqj zlwk wzr
w|shv ri fxvwrphuv= wkh Yhqgru0Pdqdjhg Lqyhqwru| +YPL, fxvwrphuv dqg
wkh Fxvwrphu Pdqdjhg Lqyhqwru| +FPL, fxvwrphuv1 Wkh YPL fxvwrphuv
kdyh d udqgrp ghpdqg dqg wkh glvwulexwru pdqdjhv wkh vwrfn dw wkh YPL
fxvwrphu orfdwlrq1 Wkh FPL kdyh �{hg ghpdqg dqg wkh glvwulexwru idfhv
qr lqyhqwru| frvwv dvvrfldwhg zlwk wkhvh fxvwrphuv1

Wkh remhfwlyh lv wr ghwhuplqh wkh urxwhv iru d zhhn sodqqlqj shulrg dqg
wkh txdqwlwlhv gholyhuhg wr wkh YPL srlqwv/ plqlpl}lqj wrwdo wudqvsruwdwlrq
soxv lqyhqwru| frvwv1

Wkh prwlydwlrq ri wklv zrun fdq eh irxqg rq wkh dgydqwdjhv wkdw fdq eh
rewdlqhg zkhq lqwhjudwlqj surfhvvhv dorqj wkh vxsso| fkdlq1 Lq wklv sduwlf0
xodu fdvh/ wu|lqj wr uhgxfh wrwdo frvwv wkurxjk wkh frruglqdwlrq ri ghflvlrqv
ehwzhhq glvwulexwlrq pdqdjhphqw dqg lqyhqwru| pdqdjhphqw duhdv1 Do0
wkrxjk wkhuh h{lvw vrph olwhudwxuh rq wkh lqwhjudwlrq lvvxh/ qrqh ri wkhp
dgguhvvhv wkh vshfl�f fdvh ri wklv prgho= wzr w|shv ri fxvwrphuv/ d zhhn
plqlpxp ylvlw dqg qr lqirupdwlrq rq wkh lqyhqwru| ohyhov gxulqj wkh sh0
ulrg1

Wklv sdshu lv rujdql}hg lq wkh iroorzlqj zd|= Iluvw zh pdnh d uh0
ylhz rq vrph uhohydqw LUS olwhudwxuh1 Wkhq/ zh h{srvh rxu Pxowl0Shulrg

Lqyhqwru|0Urxwlqj Sureohp zlwk Vwrfkdvwlf dqg Ghwhuplqlvwlf Gh0

pdqg +PSLUS0VGG, prgho lq ghwdlo1 Lq vhfwlrq 7/ wkh vroxwlrq phwkrg/
edvhg rq wkh Lwhudwhg Orfdo Vhdufk lv suhvhqwhg1 Lq vhfwlrq 8/ zh vkrz wkh uh0
vxowv ri d frpsxwdwlrqdo h{shulphqw1 Dqg �qdoo|/ zh gudz vrph frqfoxvlrqv
dqg ixuwkhu uhvhdufk1
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2 w�|ih@|�hi hi��i�

Ihughujuxhq dqg Vlpfkl0Ohyl +4<<8, pdnh d jrrg vxppdu| rq lqyhqwru|0
urxwlqj sureohpv1 Wkhvh dxwkruv glylghg wkh LUS prghov lqwr wzr yduldqwv=
wkh vlqjoh shulrg prgho dqg wkh lq�qlwh krul}rq prgho1

Edlwd hw do1 +4<<;, dovr suhvhqw d uhylhz rq g|qdplf urxwlqj dqg lqyhq0
wru|1 Wkhvh sureohpv duh fkdudfwhul}hg e| kdylqj d g|qdplf hqylurqphqw1
Uhshdwhg ghflvlrqv kdyh wr eh wdnhq dw gl�huhqw wlphv zlwklq vrph wlph
krul}rq dqg/ hduolhu ghflvlrqv lq�xhqfh odwhu ghflvlrqv1

Zh zloo qrz suhvhqw d uhylhz rq LUS olwhudwxuh uhohydqw wr rxu vwxg|/
vhsdudwlqj wkh h{lvwlqj zrun lqwr Ilqlwh dqg Lq�qlwh Krul}rq Prghov1

2�� 6�?�|i OLh�3L?

Iru wkh vlqjoh shulrg lqyhqwru| urxwlqj prgho/ Ihughujuxhq dqg ]lsnlq +4<;7,
dgguhvvhg wkh sureohp ri doorfdwlqj d vfdufh uhvrxufh/ dydlodeoh dw wkh fhqwudo
ghsrw/ dprqj vhyhudo orfdwlrqv/ hdfk zlwk udqgrp ghpdqg zkloh sodqqlqj
wkh gholyhulhv xvlqj d �hhw ri yhklfohv1 Dw wkh ehjlqqlqj ri wkh shulrg wkh
lqlwldo lqyhqwru| lv uhsruwhg wr wkh ghsrw1 Wklv lqirupdwlrq lv xvhg wr gh0
whuplqh wkh doorfdwlrq ri wkh dydlodeoh surgxfw/ iru wkh qh{w gd|/ dprqj wkh
orfdwlrqv1 Dw wkh vdph wlph wkh dvvljqphqw ri fxvwrphuv wr yhklfohv dqg
wkhlu urxwhv duh ghwhuplqhg1 Diwhu gholyhulhv duh pdgh/ wkh ghpdqgv rffxu
dqg lqyhqwru| fduu|lqj dqg vkruwdjh frvwv duh lqfxuuhg dw hdfk orfdwlrq sur0
sruwlrqdo wr wkh hqg ri wkh shulrg lqyhqwru| ohyho1 Lq wklv prgho lw lv srvvleoh
wr fkrrvh qrw wr ylvlw vrph ri wkh orfdwlrqv1

Guru dqg Edoo +4<;:,/ ghfrpsrvh wkh pxowl0shulrg sureohp lqwr vhulhv ri
vlqjoh shulrg sureohp1 Wkh| vwxglhg wkh fdvh zkhuh/ lq hdfk wlph lqwhuydo/
rqo| fxvwrphuv/ zkr zloo uhdfk wkhlu vdihw| vwrfn ohyho gxulqj wklv lqwhuydo/
duh vhuylfhg1 Wuxghdx dqg Guru +4<<5, vroyh wkh sureohp iru vwrfkdvwlf
ghpdqg1

Edug/ Kxdqj/ Mdloohw dqg Guru +4<<;, suhvhqw d ghfrpsrvlwlrq vfkhph
iru vroylqj lqyhqwru| urxwlqj sureohpv zlwk vdwhoolwh idflolwlhv/ lq zklfk d
fhqwudo ghsrw pxvw uhvwrfn d vxevhw ri fxvwrphuv rq dq lqwhuplwwhqw edvlv1
Lq wklv vhwwlqj/ wkh fxvwrphu ghpdqg lv qrw nqrzq zlwk fhuwdlqw|1 D xqltxh
dvshfw lv wkh suhvhqfh ri vdwhoolwh idflolwlhv zkhuh yhklfohv fdq eh uhordghg
dqg fxvwrphu gholyhulhv frqwlqxh xqwlo wkh forvlqj wlph lv uhdfkhg1 Mdloohw hw
do1 +5335, suhvhqw dq lqfuhphqwdo frvw dssur{lpdwlrq wr eh xvhg lq d uroolqj
krul}rq iudphzrun iru wkh deryh sureohp ri plqlpl}lqj wrwdo h{shfwhg dq0
qxdo gholyhu| frvwv1

Fdpsehoo +4<<<, suhvhqwv dq lqyhqwru|0urxwlqj sureohp dqg dq rswl0
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pl}dwlrq edvhg dssurdfk iru lwv vroxwlrq1 Lq wkh 4r| skdvh wkh| ghflgh zklfk
fxvwrphuv uhfhlyh d gholyhu| rq hdfk gd| ri wkh sodqqlqj shulrg dqg ghflgh
rq wkh vl}h ri gholyhulhv dqg rq wkh 5?_ skdvh wkh dfwxdo gholyhu| urxwhv dqg
vfkhgxohv iru hdfk gd|1 Wkh| frqvlghu d vpdoo vhw ri gholyhu| urxwhv/ frq0
vwuxfwhg xvlqj d foxvwhu dqg yhklfohv duh doorzhg wr pdnh pxowlsoh wulsv shu
gd|1 Wkh remhfwlyh lv wr plqlpl}h wkh dyhudjh gdlo| glvwulexwlrq frvw gxu0
lqj wkh sodqqlqj shulrg zlwkrxw fdxvlqj vwrfnrxwv1 Wkhuh lv qr lqyhqwru|
kroglqj frvwv ru vwrfnrxwv frvwv lqfoxghg lq wklv prgho1

Lq wkh olwhudwxuh zh �qg LUS zlwk vshfl�f fkdudfwhulvwlfv/ vxfk dv frqvlg0
hulqj d olplwhg dprxqw ri surgxfw dw wkh zduhkrxvh/ vhh Fklhq hw do1 +4<;<,1
Wkh| dgguhvv wkh sureohp ri glvwulexwlqj d olplwhg dprxqw ri lqyhqwru|
dprqj fxvwrphuv xvlqj d �hhw ri yhklfohv vr dv wr pd{lpl}h sur�w1 Wkh
sureohp lv wr ghflgh krz wr doorfdwh lwv dydlodeoh lqyhqwru| wr wkh gl�huhqw
fxvwrphuv dqg wkh| dvvxph wkdw wkh zduhkrxvh grhv qrw kdyh hqrxjk vxsso|
wr vdwlvi| hdfk fxvwrphu pd{lpxp ghpdqg1 Lq rughu wr ghwhuplqh zklfk
fxvwrphuv pxvw eh vhuyhg dqg wkh dprxqw wr vxsso| wr hdfk vhohfwhg fxv0
wrphu/ zh qhhg urxwlqj frvw lqirupdwlrq vr wkdw wkh pdujlqdo sur�w +uhyhqxh
plqxv gholyhu| frvw, iru hdfk fxvwrphu fdq eh dffxudwho| frpsxwhg1 Wkh
gholyhu| frvw iru hdfk fxvwrphu ghshqgv rq wkh yhklfoh urxwhv/ zklfk lq wxuq
uhtxluhv lqirupdwlrq derxw fxvwrphu vhohfwlrq dqg wkh prxqw ri lqyhqwru|
doorfdwhg1

Vrph uhvhdufk fdq dovr eh irxqg rq wkh Gluhfw Gholyhulhv Vwudwhjlhv� lq
LUSv1 Exuqv hw do1 +4<;8, ghyhorshg dq dqdo|wlfdo phwkrg iru plqlpl}lqj
wkh frvwv ri glvwulexwlqj iuhljkw e| wuxfn iurp d vxssolhu wr pdq| fxvwrphuv1
Wkh| ghulyh irupxodv iru wudqvsruwdwlrq dqg lqyhqwru| frvwv/ dqg ghwhuplqh
wkh rswlpdo wudgh0r� ehwzhhq wkhvh frvwv1 Wkh sdshu dqdo|vhv dqg frpsduhv
wzr glvwulexwlrq vwudwhjlhv Gluhfw Vklsslqj +Gluhfw Gholyhu|, dqg Shggolqj21
Iru Gluhfw Vklsslqj/ wkh rswlpdo vklsphqw vl}h lv jlyhq e| HRT prgho zkloh
iru Shggolqj/ wkh rswlpdo vklsphqw vl}h lv d ixoo wuxfn1 Wkhuh lv qr YUS/
wkh| frqvlghu d Plqlpxp Sdwk prgho lqvlgh hdfk uhjlrq1

Ehuwd}}l hw do1 +5335, vwxg| d pxowl0shulrg prgho zlwk ghwhuplqlvwlf
ghpdqg lq zklfk d vhw ri surgxfwv lv vklsshg iurp d frpprq vxssolhu wr
vhyhudo uhwdlohuv1 D uhwdlohu fdq eh ylvlwhg vhyhudo wlphv gxulqj wkh wlph
krul}rq1 D vklsslqj srolf| frqvlvwv ri ghwhuplqlqj iru hdfk gholyhu| wlph
lqvwdqw wkh vhw ri uhwdlohuv wr ylvlw/ wkh txdqwlw| ri hdfk surgxfw wr vkls wr
hdfk uhwdlohu dqg wkh urxwh ri wkh yhklfoh1 Wkh lqyhqwru| srolf| lv dq Rughu
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Xs0wr Ohyho srolf|�1 Wkh| lqyhvwljdwh wkh fdvh ri d vlqjoh surgxfw dqg d
vlqjoh yhklfoh1

2�2 W?�?�|i OLh�3L?

Lq wkh Lq�qlwh Krul}rq LUS/ Dqlo| dqg Ihughujuxhq +4<<3, ghyhorshg d prgho
ri d rqh zduhkrxvh pxowl0uhwdlohu v|vwhp zlwk yhklfoh urxwlqj frvwv1 Wkh re0
mhfwlyh lv wr ghwhuplqh wkh ihdvleoh uhsohqlvkphqw vwudwhjlhv plqlpl}lqj orqj
uxq dyhudjh wudqvsruwdwlrq dqg lqyhqwru| frvwv1 D uhsohqlvkphqw vwudwhj|
vshfl�hv d froohfwlrq ri uhjlrqv fryhulqj doo rxwohwv1 Li dq rxwohw ehorqjv wr
vhyhudo uhjlrqv d vshfl�f iudfwlrq ri lwv vdohv lv dvvljqhg wr hdfk ri wkhvh
uhjlrqv1 Hdfk wlph/ rqh ri wkh rxwohwv lq d jlyhq uhjlrq/ uhfhlyhv d gholyhu|>
wklv gholyhu| lv pdgh e| d yhklfoh wkdw ylvlwv doo rwkhu rxwohwv lq wkh uhjlrq dv
zhoo +lq dq h�flhqw vhtxhqfh ru urxwh,1 Wkhvh dxwkruv doorz uhjlrqv wr ryhu0
ods1 Vhh Kdoo +4<<4, dqg Dqlo| dqg Ihughujuxhq +4<<4, iru pruh frpphqwv
rq wklv prgho1

Dqlo|/ V1 dqg D1 Ihghujuxhq +4<<6, h{whqghg wkhlu dqdo|vlv rq wkh rqh
zduhkrxvh pxowlsoh uhwdlohu v|vwhp zlwk yhklfoh urxwlqj frvwv/ wr wkh fdvh
zkhuh lqyhqwrulhv pd| eh nhsw lq wkh zduhkrxvh1

Dqrwkhu zrun rq wkh Lq�qlwh Krul}rq LUS lv wkh rqh e| Eduqhv0Vfkxvwhu
dqg Edvvrn +4<<:,1 Wkhvh dxwkruv vwxglhg wkh vlwxdwlrq zkhuh uhwdlohuv
idfh udqgrp ghpdqgv iurp nqrzq glvwulexwlrqv ixqfwlrqv1 Rughuhg jrrgv
duulyh dw ghsrw dqg duh doorfdwhg dqg gholyhuhg wr wkh uhwdlohuv1 Uhwdlohuv
vhh ghpdqgv/ uhsruw wr wkh ghsrw dqg duh fkdujhg lqyhqwru| kroglqj dqg
vkruwdjh frvwv> ghsrw ghflghv zkhwkhu ru qrw wr sodfh wkh rughu iru uhwdlohu
l1 Wkh txhvwlrq wkdw wkh dxwkruv dqvzhu lv= zkhq lw zloo eh h�hfwlyh iru wkh
ghsrw wr xvh Gluhfw Vklsslqj dqg Rughu Xs0wr Ohyho urxqghg wr ixoo wuxfnv
dv lwv vroh rughulqj srolf|1 H�hfwlyhqhvv lv gh�qhg dv wkh udwlr ri wkh orqj
uxq dyhudjh frvw shu shulrg ri wkh srolf| dw kdqg wr d orzhu erxqg rq wkh
orqj uxq dyhudjh frvw ryhu doo srvvleoh srolflhv1

Fkdq hw do1 +4<<;,/ frqvlghu d glvwulexwlrq v|vwhp frqvlvwlqj ri d vlqjoh
zduhkrxvh dqg pdq| jhrjudsklfdoo| glvshuvhg uhwdlohuv1 Wkh remhfwlyh lv wr
ghwhuplqh dq lqyhqwru| srolf| dqg d urxwlqj vwudwhj| vxfk wkdw hdfk uhwdlohu
fdq phhw lwv ghpdqgv dqg wkh orqj0uxq dyhudjh wudqvsruwdwlrq dqg lqyhqwru|
frvwv duh plqlpl}hg1 Wklv sdshu vwxglhv wkh ]hur0Lqyhqwru| Rughulqj srolf|e
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dqg wkh Il{hg Sduwlwlrq Srolflhv
D1

Dovr/ Noh|zhjkw hw do1 +5335,/ vwxglhg wkh sureohp ri ghwhuplqlqj rswl0
pdo srolflhv iru wkh glvwulexwlrq ri d vlqjoh surgxfw iurp d vlqjoh vxssolhu wr
pxowlsoh fxvwrphuv1 Wkh remhfwlyh lv wr pd{lpl}h h{shfwhg glvfrxqwhg ydoxh/
lqfrusrudwlqj vdohv uhyhqxhv/ surgxfwlrq frvwv/ wudqvsruwdwlrq frvwv/ lqyhq0
wru| kroglqj frvwv dqg vkruwdjh shqdowlhv/ ryhu dq lq�qlwh krul}rq1 Wkh|
vwxg| wkh vshfldo fdvh ri wkh Gluhfw Gholyhulhv1

Lq Ehupdq dqg Oduvrq +5334,/ wkh remhfwlyh lv wr dgmxvw g|qdplfdoo| wkh
dprxqw ri surgxfw surylghg rq vfhqh wr hdfk fxvwrphu vr dv wr plqlpl}h
wrwdo h{shfwhg frvwv/ frpsulvlqj frvwv ri hduolqhvv/ odwhqhvv/ surgxfw vkruw0
idoo/ dqg uhwxuqlqj wr ghsrw qrq0hpsw|1 Wklv sureohp fdq eh hqfrxqwhuhg
zlwklq dq _lqgxvwuldo jdvhv frqwh{w%1

Iroorzlqj wkh deryh fodvvl�fdwlrq/ rxu zrun fdq eh lqfoxghg lq wkh Ilqlwh
Krul}rq dqg pxowl0shulrg jurxs1 Wkh prgho kdv lq�qlwh fdsdflw| dw wkh
zduhkrxvh/ glvwulexwru idfhv erwk vwrfnrxw dqg kroglqj frvwv/ lqlwldo vwrfn lv
rqo| nqrzq dw wkh ehjlqqlqj ri wkh �uvw shulrg dqg hdfk fxvwrphu lv ylvlwhg
dw ohdvw rqfh lq wkh sodqqlqj shulrg1 Wklv prgho glvwdqfhv iurp wkh deryh
olwhudwxuh rq dqrwkhu dvshfw= wkh lqfrusrudwlrq lq wkh urxwlqj sureohp ri
erwk FPL srlqwv dqg YPL srlqwv1

� A�i ��W+��5##

Lq wklv PSLUS0VGG prgho zh frqvlghu wzr w|shv ri fxvwrphuv= wkh Yhqgru0
Pdqdjhg Lqyhqwru| +YPL, fxvwrphuv dqg wkh Fxvwrphu Pdqdjhg Lqyhqwru|
+FPL, fxvwrphuv1 Wkh YPL fxvwrphuv kdyh d udqgrp ghpdqg zlwk d nqrzq
glvwulexwlrq ixqfwlrq iru hdfk shulrg lq wkh sodqqlqj krul}rq1 Wkh glvwule0
xwru pdqdjhv wkh vwrfn dw wkh YPL fxvwrphu orfdwlrq dqg lv uhvsrqvleoh
iru wkh lqyhqwru| frvw lqfxuuhg rq wkhvh orfdwlrqv1 Iru wklv jurxs/ lw lv wkh
uhvsrqvlelolw| ri wkh glvwulexwru wr ghflgh krz pxfk wr gholyhu dqg zkhq1
Wkh glvwulexwru kdv wzr w|shv ri frvwv uhodwhg wr wkhvh srlqwv= wkh kroglqj
frvw + l1h1 wkh frvw ri kdylqj lqyhqwru| dw wkhvh srlqwv/ wklv frvw lv shu xqlw
dqg shu shulrg,> dqg d vwrfn rxw frvw +l1h1 frvw shu xqlw qrw vrog,1

Wkh FPL kdyh �{hg ghpdqg wkdw kdv wr eh ixoo| vdwlv�hg rq d vshfl�f gd|
dqg wkh glvwulexwru idfhv qr lqyhqwru| frvwv dvvrfldwhg zlwk wkhvh fxvwrphuv1
Wkh FPL fxvwrphuv sodfh dq rughu wr wkh glvwulexwru/ vrph wlph lq dgydqfh/
wr eh gholyhuhg rq dq djuhhg gdwh1 Wkhvh fxvwrphuv ghflgh wkh txdqwlw| dqg
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gholyhu| gd|v dqg wkh glvwulexwru kdv qr uhvsrqvlelolw| rq wkh lqyhqwru| wkh|
srvvhv1

Wkh remhfwlyh lv wr ghwhuplqh wkh urxwhv iru d zhhn sodqqlqj shulrg
+frpsrvhg ri �yh zrunlqj gd|v, dqg wkh txdqwlwlhv gholyhuhg dw wkh YPL
srlqwv/ plqlpl}lqj wrwdo wudqvsruwdwlrq soxv lqyhqwru| frvwv1 Wkh fkrlfh ri d
zhhn sodqqlqj shulrg lv prwlydwhg e| wzr dvshfwv= wkh vwudwhjlf shuvshfwlyh
ri wkh prgho/ rxu remhfwlyh lv wr ghvljq d glvwulexwlrq srolf| lq dgydqfh> dqg
iru frqwuro uhdvrqv/ wkhuh lv d plqlpxp iuhtxhqf| ri ylvlwlqj d fxvwrphu/ zh
dvvxph wkdw lw lv dw ohdvw rqfh lq wkh sodqqlqj shulrg1 Zh kdyh wr ghflgh
zkhq wr ylvlw wkh YPL fxvwrphuv dqg krz pxfk wr gholyhu hdfk wlph zh ylvlw
wkhp1 Wkh frvwv ri wkh prgho lqfoxgh wudyholqj frvw/ lqyhqwru| pdqdjlqj
frvwv dvvrfldwhg zlwk wkh YPL fxvwrphuv dqg d �{hg frvw ri xvlqj d yhklfoh1

Dowkrxjk wkhuh h{lvw vrph olwhudwxuh rq wkh lqwhjudwlrq lvvxh/ qrqh ri
wkhp dgguhvvhv wkh vshfl�f fdvh ri wklv prgho= wzr w|shv ri fxvwrphuv/ d
zhhn plqlpxp ylvlw dqg qr lqirupdwlrq rq wkh lqyhqwru| ohyhov gxulqj wkh
shulrg1

Wkh prwlydwlrq ri wklv zrun lv edvhg rq wkh qhhg iru frruglqdwlrq zlwklq
wkh vxsso| fkdlq pdqdjhphqw1 Lq wklv fdvh/ zh duh wu|lqj wr frruglqdwh
ghflvlrqv iurp wkh glvwulexwlrq pdqdjhphqw duhd zlwk ghflvlrqv iurp wkh
lqyhqwru| pdqdjhphqw duhd1 Wkh dlp ri wklv prgho lv/ e| frruglqdwlqj
vwudwhjlhv lq gl�huhqw duhdv ri wkh VFP wu| wr uhgxfh wrwdo frvwv1 Lq rwkhu
zrugv/ gh�qh dq lqwhjudwhg lqyhqwru|0urxwlqj vwudwhj| wkdw suryhv wr eh
pruh h�flhqw wkdq d qrq lqwhjudwhg lqyhqwru| urxwlqj vwudwhj| +vroylqj
erwk sureohpv lqghshqghqwo|,1

Vr/ edvhg rq wklv lghd/ wkh remhfwlyh ri wklv prgho zloo eh wr ghvljq wkh
urxwhv dqg wkh gholyhulqj txdqwlwlhv lq vxfk d zd| kdv wr plqlpl}h wrwdo frvw1
Wkh ghflvlrqv zloo eh edvhg rq wkh dvvxpswlrqv h{sodlqhg ehorz1

��� �tt�4T|�L?t Lu |�i 4L_i*

Wkh prgho wulhv wr gh�qh wkh ehvw urxwhv iru doo fxvwrphuv dqg wkh ehvw
gholyhulqj txdqwlwlhv iru wkh YPL fxvwrphuv1 Wkh �uvw dvvxpswlrq lv wkdw
zh kdyh wzr vhwv ri fxvwrphuv dqg wkh YPL fxvwrphuv duh ylvlwhg dw ohdvw
rqfh d zhhn1 Dqrwkhu lpsruwdqw dvshfw lv wkdw zh rqo| nqrz wkh lqlwldo
lqyhqwru| dw wkh ehjlqqlqj ri wkh �uvw shulrg/ dqg wkh ghflvlrqv duh wdnhq
iru wkh doo zhhn/ lqghshqghqwo| ri zkdw rffxuv gxulqj wkh zhhn1

Wkh dvvxpswlrqv ri wkh prgho duh1

� Vhw ri fxvwrphuv zlwk zhoo nqrzq jhrjudsklfdo orfdwlrqv1

� Zhhn shulrg gholyhu| v|vwhp lv frqvlghuhg +�yh zrunlqj gd|v,1
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� Wkh FPL fxvwrphuv kdyh d ghpdqg wkdw lv �{hg/ wkdw lv/ dw wkh ehjlq0
qlqj ri wkh shulrg zh nqrz wkh ghpdqg dqg/ wklv h{dfw dprxqw kdv
wr eh gholyhuhg dw d vshfl�f gd|1

� Wkhuh duh qr lqyhqwru| frvwv wr eh pdqdjhg dw wkh FPL vlwhv1

� Wkhuh duh qr kdqgolqj vwrfn frvwv dw wkh ghsrw/ dqg zh dvvxph wkdw
wkhuh lv hqrxjk dprxqw ri surgxfw dw wkh ghsrw +xqolplwhg fdsdflw|,1

� YPL fxvwrphuv kdyh vwrfkdvwlf ghpdqg/ wkh txdqwlwlhv wr gholyhu gh0
shqg rq wkh h{shfwhg ghpdqg1

� Iru wkh YPL fxvwrphuv/ ghpdqg suredelolw| ixqfwlrq lv nqrzq dqg
ydulhv e| fxvwrphu dqg iurp gd| wr gd|1

� Dw wkh YPL srlqwv/ wkhuh duh lqyhqwru| kroglqj frvwv dqg d frvw iru
vwrfn rxw1

� Wkh yhklfohv kdyh d �{hg fdsdflw|1

� Wkh kljkhvw ghpdqg lv dozd|v vpdoohu wkdq d yhklfoh fdsdflw|1

� Wkhuh lv qr �{hg qxpehu ri yhklfohv exw d kljk �{hg frvw iru wkh xvh
ri d yhklfoh1

� Hdfk fxvwrphu fdq rqo| eh ylvlwhg rqfh d gd| dqg lv ylvlwhg dw ohdvw
rqfh d zhhn1

� Wkh kroglqj dqg vwrfn rxw frvwv rqo| ghshqg rq txdqwlwlhv dqg qrw rq
fxvwrphuv1 Dqg wkh vwrfn rxw frvw lv dozd|v eljjhu wkdq wkh kroglqj
frvw1

��2 A�i ��W+��5##

Wkh frvwv ri wkh sureohp duh=

� Wudqvsruwdwlrq frvw ehwzhhq orfdwlrqv>

� Vwrfn rxw dqg lqyhqwru| frvwv iru wkh YPL fxvwrphuv/ shu xqlw ri

surgxfw dqg shu gd|>

� Il{hg frvw shu yhklfoh xvhg1

Wkh ghflvlrqv wr eh pdgh duh wkh iroorzlqj=
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� Ghflgh wkh urxwhv iru hdfk gd| ri wkh zhhn/ iru hdfk yhklfoh>

� Ghflgh wkh qxpehu ri yhklfohv qhhghg hdfk gd| ri wkh shulrg>

� Ghflgh iru hdfk gd| zklfk ri wkh YPL fxvwrphuv zloo eh lqfoxghg dqg

zkhuh lq wkh wrxu>

� Krz pxfk wr gholyhu wr wkh YPL fxvwrphuv/ rq hdfk gd|1

Remhfwlyh ixqfwlrq=

Remhfwlyh lv wr plqlpl}h wkh h{shfwhg frvw dw wkh hqg ri wkh zhhn=

Plq Zhhno| frvw @ wudqvsruwdwlrq frvw .

lqyhqwru| kroglqj frvw .

vwrfnrxw frvw .

�{hg frvw iru wkh xvh ri yhklfohv

Qrwdwlrq=

D @ vhw ri FPL fxvwrphuv1

E @ vhw ri YPL fxvwrphuv1

q @ qxpehu ri fxvwrphuv/ lqgh{hg iurp 4 wr q> lqgh{ 3 ghqrwhv wkh
fhqwudo ghsrw1

T @ fdsdflw| ri d yhklfoh1

S @ qxpehu ri shulrgv +lq wklv fdvh/ S @ 8 shulrgv/ iurp 3 wr 7,1

f�� @ frvw ri gluhfw wudyho iurp orfdwlrq l wr orfdwlrq m1

I�R+=, @ fxpxodwlyh glvwulexwlrq ixqfwlrq ri wkh ghpdqg ri rqh shulrg/
lq orfdwlrq l/ zlwk l 5 E iru gd| s1

i�R @ glvwulexwlrq ixqfwlrq ri wkh rqh shulrg ghpdqg iru fxvwrphu l

dqg gd| s/ l @ 4> ===q dqg s @ 4> ===> S >

k @ lqyhqwru| kroglqj frvw shu xqlw dqg shu gd|1

v @ vkruwdjh frvw shu xqlw dqg shu gd|1

�
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@ lqlwldo lqyhqwru| dw orfdwlrq l rq gd| s1
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�
@ ghpdqg ri fxvwrphu l rq gd| s zlwk l 5 D1

W� @ vhw ri gd|v zkhuh l kdv d srvlwlyh ghpdqg/ zlwk l 5 D1

F @ �{hg frvw shu yhklfoh xvhg shu gd|1

N @ pd{lpxp qxpehu ri dydlodeoh yhklfohv1

Yduldeohv=
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li yhklfoh n wudyhov gluhfwo|

iurp fxvwrphu l wr fxvwrphu m rq gd| s>

3> rwkhuzlvh1
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4> li fxvwrphu l lv dvvljqhg wr yhklfoh n rq gd| s>

3> rwkhuzlvh1

z
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@ dprxqw gholyhuhg wr orfdwlrq l rq gd| s/ e| yhklfoh n1

NR @ qxpehu ri yhklfohv qhhghg rq gd| s1
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Il{hg frvw shu yhklfoh xvhg=
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, uhsuhvhqw wkh lqyhqwru| pdqdjlqj frvw ri YPL orfdwlrq l rq

gd| s1
Wkh sureohp fdq eh vwdwhg dv iroorzv=
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Vxemhfw wr=
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Wkh phdqlqj ri wkh deryh frqvwudlqwv lv=
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+5, Iru wkh FPL/ lq gd|v zkhuh wkh fxvwrphu kdyh d srvlwlyh ghpdqg/ wkdw
fxvwrphu lv ylvlwhg e| rqo| rqh yhklfoh1

+6, Wkh vhfrqg frqvwudlqw irufhv wkdw hdfk gd| doo yhklfohv jr wr wkh ghsrw1

+7, Wklv frqvwudlqw hqvxuhv wkdw wkh gdlo| ordglqj ri d yhklfoh grhv qrw
h{fhhg lwv fdsdflw|1

+8, Wklv frqvwudlqw jxdudqwhhv wkdw li wkh yhklfoh hqwhuv d qrgh/ rq gd| s/
lw dovr kdv wr ohdyh wkdw qrgh/ rq wkh vdph gd|1

+9, Dyrlgv vxe0wrxuv/ iru hdfk yhklfoh iru hdfk gd|1 Wkh vxe0wrxu holplqd0
wlrq frqvwudlqw uhsuhvhqwv dq h{srqhqwldo qxpehu ri frqvwudlqwv1 Wkh
sureohp zlwk wklv frqvwudlqw lv wkdw lwv qxpehu jurzv h{srqhqwldoo|
zlwk q1

+:, Wkh YPL fxvwrphuv duh ylvlwhg dw ohdvw rqfh d zhhn1

+;, Hdfk gd|/ wkhuh fdq rqo| eh dw prvw rqh yhklfoh ylvlwlqj wkh YPL
fxvwrphuv1

+<, Li wkh dprxqw gholyhuhg/ e| yhklfoh n/ wr d YPL l rq gd| s lv srvlwlyh
wkhq/ yhklfoh n kdv wr ylvlw wkdw orfdwlrq rq wkdw gd|1 P uhsuhvhqwv d
yhu| elj ydoxh1

+43, Wkh yduldeoh z�R/ uhsuhvhqwlqj wkh txdqwlw| gholyhuhg wr d udqgrp gh0
pdqg fxvwrphu rq d jlyhq gd| lv dozd|v juhdwhu ru htxdo wr 31

+44, Wklv frqvwudlqw gh�qh wkh yduldeohv {R
��&

dqg |R
�&

dv elqdu|1

Wkh lqyhqwru| frvw rqo| dssolhv iru wkh YPL fxvwrphuv dqg lv htxdo wr=
wkh h{shfwhg lqyhqwru| kroglqj frvw/ li wkh lqlwldo vwrfn soxv wkh txdqwlw| gh0
olyhuhg lv ohvv wkdq wkh ghpdqg/ ru d vwrfnrxw frvw rwkhuzlvh1 Wklv h{suhvvlrq
dssolhv iru wkh fdvh zkhuh ghpdqg lv d glvfuhwh yduldeoh1

Vlqfh wkh uhsuhvhqwdwlrq ri wkh suredelolw| glvwulexwlrq lv gl�fxow wr �qg/
sduwlfxoduo| zkhq ghpdqg udqjhv ryhu d odujh qxpehu ri srvvleoh ydoxhv/
wkh glvfuhwh udqgrp yduldeoh lv riwhq dssur{lpdwhg e| d frqwlqxrxv udqgrp
yduldeoh1 Ixuwkhupruh/ zkhq ghpdqg udqjhv iurp ryhu d odujh qxpehu ri
srvvleoh ydoxhv/ wklv dssur{lpdwlrq zloo jhqhudoo| |lhog d qhduo| h{dfw ydoxh
ri wkh rswlpdo dprxqw1 Lq dgglwlrq/ zkhq glvfuhwh ghpdqg lv xvhg/ wkh
uhvxowlqj h{suhvvlrq ehfrphv pruh gl�fxow wr vroyh dqdo|wlfdoo|1

Vr/ iurp qrz rq zh zloo frqvlghu wkh ghpdqg ri wkh YPL fxvwrphuv dv
d frqwlqxrxv udqgrp yduldeoh=
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Wkh deryh lqyhqwru| frvw ixqfwlrq +45, rqo| zrunv li wkh lqlwldo lqyhqwru|
ri hdfk shulrg lv nqrzq lq dgydqfh/ ru revhuyhg1 Vlqfh zh duh sodqqlqj iru
vhyhudo shulrgv lq dgydqfh zh gr qrw nqrz wkh ghpdqg rq hdfk shulrg1 Wkh
lqlwldo lqyhqwru| lv wkhq dovr d udqgrp yduldeoh wkdw ghshqgv rq wkh ghpdqg
ri doo wkh suhylrxv shulrgv dqg rq txdqwlwlhv gholyhuhg lq doo wkh suhylrxv
shulrgv1

Zh zloo dvvxph wkdw wkh rqo| txdqwlw| zh fdq revhuyh lv wkh lqlwldo lq0
yhqwru| ri hdfk fxvwrphu dw wkh ehjlqqlqj ri shulrg 31

Dw hdfk shulrg/ li wkhuh lv d vwrfnrxw/ d frvw lv lqfxuuhg dqg wkh lqlwldo
vwrfn ri wkh iroorzlqj shulrg zloo eh }hur1

Wkhq/ wkh lqlwldo lqyhqwru| iru hdfk shulrg lv=
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Vr/ wkh lqlwldo vwrfn ri shulrg s zloo eh d ixqfwlrq ri wkh lqlwldo vwrfn ri

shulrg 3/ ri wkh txdqwlwlhv gholyhuhg dqg ghpdqg ri doo suhylrxv shulrgv1
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Dvvxph iurp qrz rq wkdw wkh ghpdqg iroorzv dq h{srqhqwldo glvwulexwlrq
ixqfwlrq zlwk wkh irup=

i+w, @ d�h
3@�| +46,

Wkhuh duh pdq| gl�huhqw vwdwlvwlfdo glvwulewxlrqv wr fkrrvh iurp zkhq
zrunlqj zlwk lqyhqwru| frqwuro1 Wkh h{srqhqwldo glvwulexwlrq ixqfwlrq lv
frpprqo| xvhg wr uhsuhvhqw wkh ghpdqg yduldwlrq lq lqyhqwru| prghov1 Vhh
Olgnh dqg Pdovwurp +4<;:, dqg Vq|ghu +4<;7,1

Zh qhhg wr fdofxodwh wkh lqyhqwru| frvw iru hdfk shulrg1 Vr/ iru hdfk
shulrg zh qhhg wr frqvlghu doo wkh srvvleoh vfhqdulrv ri wkh suhylrxv shulrgv
lqlwldo lqyhqwru|1 Wklv lv/ iru shulrg 3/ zh nqrz wkh lqlwldo lqyhqwru|/ iru
shulrg 4 zh qhhg wr frqvlghu wzr srvvlelolwlhv= vwrfn0rxw dw wkh hqg ri shulrg
}hur +}hur lqlwldo lqyhqwru| dw shulrg 4, dqg srvlwlyh vwrfn dw wkh hqg ri
shulrg 3 +lqlwldo vwrfn dw shulrg rqh srvlwlyh,1 Wkhq zh h{whqg wklv iru wkh
vhfrqg/ wklug dqg irxuwk shulrgv iru doo srvvleoh frpelqdwlrqv1

Wkh h{suhvvlrq ri wkh lqyhqwru| frvw ixqfwlrq iru hdfk fxvwrphu dqg hdfk
shulrg fdq eh vhhq lq ghwdlo lq Ulehlur dqg Orxuhq�fr +5336,1

e Oi�h�t|�Ut 5L*�|�L? �i|�L_ uLh |�i ��W+��5##

Wkh olplwdwlrqv ri dydlodeoh frpsxwdwlrqdo whfkqltxhv pdnh lw lpsudfwlfdo wr
wu| wr vroyh wklv sureohp gluhfwo| iru doo exw yhu| vpdoo lqvwdqfhv1 Wkh vwuxf0
wxuh ri wkh sureohp dujxhv iru vrph w|sh ri ghfrpsrvlwlrq1 Dv phqwlrqhg
wkhuh duh wzr vxesureohpv hpehgghg lq wkh LUS1 Wkh �uvw lv wr ghflgh wkh
gholyhu| gd| dqg wkh txdqwlw|/ wkh vhfrqg lqyroyhv urxwlqj ghflvlrqv1

Rxu ghfrpsrvlwlrq vfkhph iru wkh LUS lv rxwolqhg lq wkh iroorzlqj vwhsv=

� Vwhs 4= Rewdlq dq lqlwldo vroxwlrq zkhuh wkh lqyhqwru| sureohp lv

vroyhg vhsdudwho| zlwkrxw frqvlghulqj dq| gholyhu| frvw1

� Vwhs 5= Iru hdfk gd| lq wkh sodqqlqj krul}rq/ wu| wr �qg d jrrg ihdvleoh

vroxwlrq e| vroylqj d YUS1

� Vwhs 6= Fdofxodwh dq dssur{lpdwlrq ri wkh YPL fxvwrphuv gholyhu|

frvw1

� Vwhs 7= Ghwhuplqh wkh qhz txdqwlwlhv dqg gholyhu| gd|v iru wkh YPL

fxvwrphuv/ wdnlqj lqwr dffrxqw wkh vhwxs frvw1
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� Vwhs 8= Iru hdfk gd| lq wkh sodqqlqj krul}rq/ wu| wr �qg d jrrg ihdvleoh

vroxwlrq e| vroylqj d YUS1

� Vwhs 9= Uhshdw vwhsv 6 dqg 7 xqwlo d vdwlv�hg vroxwlrqv lv irxqg1

Qh{w/ zh zloo h{sodlq lq pruh ghwdlo hdfk vwhs ri wkh khxulvwlfv iru wkh

PSLUS0VGG1

5|iT �G A�i W?�|�@* tL*�|�L? � A�i �?�i?|Lh) ThLM*i4

Lq wkh �uvw vwhs ri wkh dojrulwkp zh zloo vroyh wkh lqyhqwru| sureohp
dorqh1 Frqvlghulqj wkdw wkhuh duh qr wudqvsruwdwlrq frvwv wr eh kdqgohg1
Wkh frvw ixqfwlrq +45, rqo| zrunv li wkh lqlwldo lqyhqwru| ri hdfk shulrg lv
nqrzq lq dgydqfh1 Krzhyhu/ rqh ri wkh dvvxpswlrqv ri wkh prgho lv wkdw
wkh vwrfn dw wkh YPL orfdwlrqv fdq rqo| eh revhuyhg dw wkh ehjlqqlqj ri wkh
sodqqlqj shulrg1 Wkhuhiruh/ wkh lqlwldo lqyhqwru| lv dovr d udqgrp yduldeoh
wkdw ghshqgv rq wkh ghpdqg ri doo wkh suhylrxv shulrgv dqg rq txdqwlwlhv
gholyhuhg lq doo wkh suhylrxv shulrgv1

Zh qhhg wr fdofxodwh/ iru hdfk YPL fxvwrphu/ wkh lqyhqwru| frvw iru hdfk
shulrg1

Iru shulrg }hur/ zh revhuyh wkh lqlwldo vwrfn dqg lqfxu lq kroglqj frvw li
h{shfwhg ghpdqg h{fhhgv wkh lqlwldo lqyhqwru| soxv wkh txdqwlw| gholyhuhg
ru d vwrfnrxw frvw rwkhuzlvh1 Li wkhuh lv d vwrfnrxw/ lq wkh qh{w shulrg wkh
lqlwldo vwrfn zloo eh }hur1

Iru wkh rwkhu shulrgv +shulrg 4 wr 7,/ zh kdyh wr frqvlghu doo wkh srvvleoh
vfhqdulrv ri wkh suhylrxv shulrgv1 Iru shulrg 4/ iru h{dpsoh/ zh qhhg wr
frqvlghu wzr srvvlelolwlhv= vwrfn0rxw lq shulrg }hur +}hur lqlwldo lqyhqwru| dw
shulrg 4, dqg srvlwlyh vwrfn dw wkh hqg ri shulrg 3 +lqlwldo vwrfn dw shulrg
rqh srvlwlyh,1 Iru hdfk YPL fxvwrphu l=

Shulrg 4=

�
�
�
@ 3

�
�
A 3

Iru shulrg 5 zh qhhg wr frqvlghu 7 vfhqdulrv=

Shulrg 5=

;AA?
AA=

�
�
@ 3 dqg �

2
@ 3

�
�

@ 3 dqg �
2
A 3

�
�
A 3 dqg �

2
@ 3

�
�
A 3 dqg �

2
A 3

Wkhq zh h{whqg wklv iru shulrg 6 dqg 7 iroorzlqj wkh vdph uhdvrqlqj1
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Wklv lqyhqwru| sureohp/ lv gl�huhqw iurp rwkhu lqyhqwru| sureohpv wkdw
fdq eh irxqg lq wkh olwhudwxuh1 Vlqfh/ lq wklv sduwlfxodu fdvh zh kdyh d
sodqqlqj krul}rq/ 8 gd|v/ iru zklfk zh qhhg wr sodq wkh gholyhu| txdqwlwlhv1
Dovr/ zh gr qrw nqrzqzkdw lv wkh lqlwldo vwrfn dw hdfk gd| iru hdfk fxvwrphu1
Zh kdyh wr ghflgh krz riwhq dqg krz pxfk wr gholyhu1 Vlqfh zh gr qrw
doorz iru qhjdwlyh txdqwlwlhv/ zh kdyh d qrq0olqhdu frqvwudlqhg plqlpl}dwlrq
sureohp1

Wklv lqlwldo vroxwlrq lv rewdlqhg e| vroylqj wkh lqyhqwru| prgho iru hdfk
fxvwrphu1 Wkh lqyhqwru| frvw ixqfwlrq uhvxowv lq d frpsoh{ lqwhjudo zlwk 8
lqwhjudov1 Wklv h{suhvvlrq lv plqlpl}hv xvlqj wkh Jdxvv0Qhzwrq phwkrg/
zlwk wkh dyhudjh ghpdqg dv d vwduwlqj srlqw1 Wkh remhfwlyh lv wr plqlpl}h
lqyhqwru| frvwv +kroglqj . vwrfn0rxw frvwv,1 Wkh ehvw vroxwlrq lv wr gh0
olyhu doprvw hyhu| gd| wr wkh YPL fxvwrphuv/ vlqfh wkhuh lv qr vhwxs frvw
dvvrfldwhg zlwk wkh gholyhulhv1

Lq vxppdu|/ lq vwhs 4 zh fdofxodwh wkh rswlpdo txdqwlwlhv wr gholyhu rq
hdfk gd| ri wkh zhhn wr hdfk YPL fxvwrphu1 Zh dvvxph dq lqlwldo vroxwlrq
iru wkh �uvw gd| dqg dq h{srqhqwldo glvwulexwlrq ixqfwlrq iru wkh ghpdqg ri
hdfk fxvwrphu rq hdfk gd|1 Iru wkh ghwdlohg lqyhqwru| frvw ixqfwlrq dqdo|vlv
dqg vroxwlrq phwkrg vhh Ulehlur dqg Orxuhq�fr +5336,1

5|iT 2G A�i V+�

Diwhu vwhs 4/ zh nqrzq wkh txdqwlwlhv dqg wkh gd|v wr gholyhu| wr hdfk
fxvwrphu1 Wkhuhiruh/ zh kdyh wr vroyh d YUS hdfk gd| wr rewdlq wkh ehvw
urxwhv1 Wr vroyh wkh YUS hdfk gd|/ zh frqvlghu dq LOV iru doo fxvwrphuv
rq wkdw vshfl�f gd| dqg wkhlu uhvshfwlyh txdqwlwlhv1 Diwhu/ zh fdofxodwh wkh
wrwdo frvw= wudqvsruwdwlrq frvw dqg lqyhqwru| frvw dvvrfldwhg zlwk wkh YPL
fxvwrphuv1

Gxh wr wkh frpsoh{lw| ri wkh YUS sureohpv +QS0kdug, zh qhhg wr gh0
yhors dq khxulvwlf1 Rxu sursrvdo lv wr xvh dq khxulvwlf dojrulwkp wkdw dv
suryhq wr jlyh txlhw jrrg uhvxowv rq rwkhu sureohpv dqg lv hdv| wr lpsoh0
phqw dqg prgli|1

D khxulvwlf dojrulwkp lv d vroxwlrq phwkrg wkdw grhv qrw jxdudqwhh dq
rswlpdo vroxwlrq/ exw lq jhqhudo kdv 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 vroxwlrq
dqg prylqj lwhudwlyho| wr rwkhu qhdue| vroxwlrqv, ru frpelqdwlrq ri erwk1

Lwhudwhg Orfdo Vhdufk +LOV, lv d vlpsoh dqg jhqhudoo| dssolfdeoh Phwd0
khxulvwlf zklfk lwhudwlyho| dssolhv orfdo vhdufk wr prgl�fdwlrqv ri wkh fxuuhqw
vhdufk srlqw1 Dw wkh ehjlqqlqj ri wkh dojrulwkp/ d orfdo vhdufk lv dssolhg wr
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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 frqwlqxhg e| dsso|lqj wkh qh{w _shuwxu0
edwlrq%1 Erwk/ wkh shuwxuedwlrq vwhs dqg wkh dffhswdqfh whvw pd| eh lq�x0
hqfhg e| wkh vhdufk klvwru|1 LOV lv h{shfwhg wr shuirup ehwwhu wkdq li wkh
phwkrg uhvwduwv orfdo vhdufk iurp d qhz udqgrpo| jhqhudwhg vroxwlrqv1

LOV dojrulwkpv kdyh ehhq dssolhg vxffhvvixoo| wr d ydulhw| ri frpelqd0
wruldo rswlpl}dwlrq sureohpv1 Lq vrph fdvhv/ wkhvh dojrulwkpv dfklhyh h{0
wuhpho| kljk shuirupdqfh dqg hyhq frqvwlwxwh wkh fxuuhqw vwdwh0ri0wkh0duw
phwdkhxulvwlfv/ zkloh lq rwkhu fdvhv wkh LOV dssurdfk lv phuho| frpshwl0
wlyh zlwk rwkhu phwdkhxulvwlfv1 LOV kdv pdq| ri wkh ghvludeoh ihdwxuhv ri d
phwdkhxulvwlf= lw lv vlpsoh/ hdv| wr lpsohphqw/ urexvw/ dqg kljko| h�hfwlyh1
Iru d vxuyh| lq LOV vhh Orxuhq�fr/ Pduwlq dqg Vw�xw}oh +5334, dqg Orxuhq�fr/
Pduwlq dqg Vw�xw}oh +5335,1

Khuh lv d vwuxfwxuh ri wkh LOV=
surfhgxuh LOV

v
f
@JhqhudwhLqlwldoVroxwlrq

v
W@OrfdoVhdufk+vf,
uhshdw
v
�@shuwxuedwlrq+vW/ klvwru|,

v
W�@Orfdo vhdufk+v�,
v
W@DffhswdqfhFulwhulrq+vW/ vW�/ klvwru|,
xqwlo whuplqdwlrq frqglwlrq phw

hqg

Wkh LOV xvhg zdv edvhg lq wkh khxulvwlf ghyhorshg e| Vw�xw}oh+4<<;, dqg
Nxq} +5333,1 Wkh vwuxfwxuh ri wkh dojrulwkp lv wkh iroorzlqj=

Vdylqjv khxulvwlf +Fodunh dqg Zuljkw +4<97,, iru wkh lqlwldo vroxwlrq1

LOV iru WVS rq hdfk wrxu=

~ Orfdo Vhdufk iru WVS= 50rsw1

~ Nlfn pryh iru WVS= grxeoh eulgjh/ wklv shuwxuedwlrqv fxwv irxu
hgjhv/ dqg lqwurgxfhv irxu qhz rqhv1

~ Dffhswdqfh fulwhulrq= ehwwhu> wklv phdqv wkdw wkh qhz wrxu lv
dffhswhg li lw kdv d orzhu frvw1
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LOV iru wkh YUS

~ Orfdo Vhdufk iru wkh dvvljqphqw sureohp= 50rsw1 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 fdq qrw eh lqvhuwhg/ wkhq
zh fkhfn li dq h{fkdqjh zlwk dqrwkhu wrxu lpsuryhv wkh vroxwlrq1

~ Nlfn pryh iru YUS= Qxpe0furvvhu= h{fkdqjhv �qdo slhfhv wkurxjk
wkh qxpehu ri fxvwrphuv/ h{fkdqjhv 426 ri wkh wrxu/ d wrxu lv fkr0
vhq e| fkdqfh dqg wkhq euhdn wkh wrxu1

~ Dffhswdqfh fulwhulrq= Ehvw>

LOV iru wkh WVS rq wkh qhz urxwhv= Wkh vdph dv iru wkh �uvw LOV
lpsohphqwhg lq wkh �uvw sduw1

Dw wkh hqg ri 5/ zh kdyh rewdlqhg dq lqlwldo vroxwlrq iru wkh PSLUS0
VGG prgho edvhg rq d vxe0rswlpl}dwlrq ri wkh wzr h{lvwlqj sureohpv= wkh
urxwlqj dqg wkh lqyhqwru| sureohp1 Qrz/ Vwhs 6 wr 9 frqvlvwv lq ghyhorslqj
dq khxulvwlf phwkrg wkdw lpsuryhv wklv lqlwldo vroxwlrq1

5|iT �G W?�i?|Lh) @?_ |h@?tTLh|@|�L? � A�i ti|�T ULt|
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Zkhq frqvlghulqj wkh lqyhqwru| sureohp vhsdudwho| iurp wkh wudqvsruwd0

wlrq sureohp/ wkh ehvw vroxwlrq lv wr gholyhu iuhtxhqwo|/ hyhu| gd| ru doprvw

hyhu| gd|/ krzhyhu/ wklv lpsolhv kljkhu wudqvsruwdwlrq frvwv1 Rxu remhfwlyh

lv wr edodqfh wkh gholyhu| frvwv zlwk wkh lqyhqwru| frvw1 Rqh zd| wr gr wklv

lv e| frqvlghulqj d vhwxs frvw= d frvw shu gholyhu| pdgh wr d YPL fxvwrphu1

Wklv vhwxs frvw rqo| dssolhv wr wkhvh vhw ri fxvwrphuv vlqfh/ wkh FPL fxv0

wrphuv kdyh wr eh ylvlwhg rq d vshfl�hg gd| dqg qr fkdqjhv duh doorzhg rq

wkhvh fxvwrphu*v rughuv1 Li d YPL fxvwrphu lv ylvlwhg rq gd| s/ wkhq wkhuh

lv d �{hg frvw dvvrfldwhg zlwk wklv fxvwrphu/ rq wklv gd|1

Zh zloo rewdlq wkh vhwxs frvw e| fdofxodwlqj wkh dssur{lpdwh frvw ri

vhuylqj d YPL fxvwrphu rq d vshfl�f gd|/ wklv lv/ wkh frvw ri lqfoxglqj d

fxvwrphu l rq wrxu m rq gd| s1 Wklv lv dq dssur{lpdwlrq vlqfh wkh uhdo ydoxh

zrxog kdyh wr frqvlghu wkh uhodwlrqvkls ehwzhhq wkh gholyhulqj ghflvlrqv ri

doo wkh rwkhu fxvwrphuv dqg wkh ehvw fruuhvsrqglqj urxwhv1

Lw lv orjlfdo wr wklqn wkdw li d fxvwrphu lv forvh wr d jurxs ri fxvwrphuv

wkdw duh ylvlwhg rq gd| s/ wkdq zh kdyh d orzhu frvw ri gholyhulqj wkdw
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fxvwrphu rq wkdw gd|1 Wklv lv/ wkh vhwxs frvw ri fxvwrphu l zloo ghshqg rq

wkh orfdwlrq ri wklv fxvwrphu zlwk uhvshfw wr rwkhu fxvwrphuv lq wkh urxwh1

Wklv frvw uhsuhvhqwv wkh frvw dvvrfldwhg zlwk gholyhulqj wr d fxvwrphu rq

d gd| s/ dqg zloo rqo| ghshqg rq glvwdqfh1 Wklv vhwxs frvw zloo eh fdofxodwhg

lq wkh iroorzlqj zd|=

j
R

� @ frvw ri jrlqj wr fxvwrphu l rq gd| s1
� @ d �{hg vhwxs zhljkw shu glvwdqfh xqlw1
Ohw m dqg n eh wkh suhylrxv dqg vxffhvvru fxvwrphu lq wkh urxwh ri

fxvwrphu l rq gd| s/ wkhq1

j
R

�
@ +f�� . f�& � f�&,� � +47,

Dw Vwhs 6 zh kdyh fdofxodwhg wkh vhwxs frvw iru hdfk YPL fxvwrphu rq
hdfk gd|1

5|iT eG �i� _i*��ih�it

Qrz/ zh kdyh dq lqyhqwru| prgho zlwk d vhwxs frvw1 Iru hdfk YPL fxv0
wrphu zh qhhg wr uhgh�qh wkh rswlpdo gholyhulhv1 Iru d pruh ghwdlo glvfuls0
wlrq ri wklv lqyhqwru| prgho zlwk vhwxs frvwv vhh Ulehlur dqg Orxuhq�fr+5336,1

Wkh surfhgxuh fdq eh vxppdul}hg dv iroorzv=

� Frqvlghu doo srvvleoh frpelqdwlrqv ri gholyhu| gd|v1

Vroyh wkh lqyhqwru| sureohp iru hdfk frpelqdwlrq1

Dgg wkh fruuhvsrqglqj vhwxs frvw lq hdfk vroxwlrq1+rewdlqhg lq Vwhs
6,

Fkrrvh/ iru hdfk YPL fxvwrphu/ wkh vroxwlrq zlwk wkh orzhvw wrwdo frvw
+lqyhqwru| . vhwxs,1

Dw wklv vwdjh zh rewdlq wkh qhz vhw ri gholyhu| gd|v dqg txdqwlwlhv1

5|iT DG �i� V+�

Iru hdfk gd| lq wkh sodqqlqj krul}rq/ dqg xvlqj wkh qhz gholyhulqj txdq0
wlwlhv iurp Vwhs 7/ �qg d jrrg ihdvleoh vroxwlrq e| vroylqj d YUS +uhshdwlqj
Vwhs 5,1

5|iT SG +iTi@|
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Uhshdw vwhsv 6 wr 9 xqwlo d vdwlv�hg vroxwlrq lv irxqg/ ru xqwlo d fhuwdlq

qxpehu ri lwhudwlrqv kdyh ehhq shuiruphg1

Zh zloo suhvhqw d frpsxwdwlrqdo h{shulphqw rq wkh dssolfdwlrq ri wklv

phwkrg wr wkh PSLUS0VGG1

D �L4T�|@|�L?@* +it�*|t

Lq wklv vhfwlrq zh zloo suhvhqw d frpsxwdwlrqdo vwxg| wkdw dvvhvv wkh lp0

sdfw ri lqwhjudwlqj wudqvsruwdwlrq dqg lqyhqwru|1 Wr dqdo|vh wklv lpsdfw
lw lv lqwhuhvwlqj wr frpsduh wzr vroxwlrqv= Wkh lqwhjudwhg vroxwlrq dqg wkh
qrq0lqwhjudwhg vroxwlrq1 Wklv qrq0lqwhjudwhg vroxwlrq lv fkdudfwhul}hg e| wkh
vhsdudelolw| ri wkh wzr sureohpv= wkh lqyhqwru| dqg wkh urxwlqj duh lqgh0
shqghqw/ �uvw zh vroyh wkh lqyhqwru| sureohp dqg xvh wkh vroxwlrq wr ghflgh
wkh urxwhv1 Wkh vroxwlrq ri wkh lqwhjudwhg sureohp lv wkh rqh rewdlqhg diwhu
wkh uxqqlqj ri wkh dojrulwkp suhvhqwhg lq wkh suhylrxv vhfwlrq1

Wkh remhfwlyh lv wr frpsduh wkh wzr vroxwlrqv +wkh lqwhjudwhg yhuvxv wkh
qrq0lqwhjudwhg vroxwlrq, rewdlqhg zkhq vroylqj wkh wzr gl�huhqw sureohpv
+Lqyhqwru| dqg Urxwlqj, dqg dqdo|}lqj wkh lpsdfw ri frqvlghulqj wkh sure0
ohpv lq dq lqwhjudwhg irup1

Wkhuh duh wzr zd|v lq zklfk zh zloo rulhqw wklv dqdo|vlv= wkh �uvw lv wr
frpsduh wrwdo frvwv> dqg wkh vhfrqg lv wr pdnh d pxowl0remhfwlyh dssurdfk1
Lq wklv vhfrqg shuvshfwlyh wkh lqyhqwru| frvw dqg wkh urxwlqj frvw duh wkh
wzr remhfwlyhv wkdw zh zrxog olnh wr plqlpl}h1 Lqvwhdg ri fkrrvlqj wkh ehvw
wrwdo frvw zh zloo frqvlghu doo qrq0grplqdwhg vroxwlrqv rewdlqhg iurp wkh
dojrulwkp dqg zrxog eh wkh uhvsrqvlelolw| ri wkh ghflvlrq pdnhu wr fkrrvh1

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

D�� A�i _@|@

Iru wkh frpsxwdwlrqdo h{shulphqw zh kdyh jhqhudwhg vhyhudo vhwv ri h{dp0
sohv/ hdfk jurxs zlwk gl�huhqw fkdudfwhulvwlfv frqfhuqlqj= wrwdo qxpehu ri
fxvwrphuv +433> 533> 733,> shufhqwdjh ri YPL fxvwrphuv +43( dqg 83(,>
w|sh ri ghpdqg +htxdo hyhu| gd|/ gl�huhqw hdfk gd|, dqg vhwxs frvw sdudp0
hwhu +kljk vhwxs frvw �@433 shu glvwdqfh xqlw dqg orz vhwxs frvw/ � @ 43
shu glvwdqfh xqlw,1

Iru wkh YPL fxvwrphuv/ zh kdyh xvhg d ghpdqg sdudphwhu ��R +iru hdfk
fxvwrphu l dqg gd| s, wkdw iroorzv d qrupdo glvwulexwlrq zlwk phdq 83 dqg
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vwdqgdug ghyldwlrq 53 iru hdfk fxvwrphu1 Lq wkh fdvhv zkhuh ghpdqg lv
gl�huhqw hyhu| gd| wkh vwdqgdug ghyldwlrq ehwzhhq gd|v xvhg zdv 81

Wkh lqlwldo vwrfn iru hdfk fxvwrphu zdv jhqhudwhg e| d udqgrp xqlirup
glvwulexwlrq ehwzhhq 3 dqg 831

Wkh uhvxowv zhuh rewdlqhg frqvlghulqj ; lwhudwlrqv1 Wkh vwrfnrxw frvw
xvhg zdv wzlfh wkh kroglqj frvw/ lq wklv h{shulphqw k @ 5 dqg v @ 71 Wkhuh
lv d �{hg fkdujh shu yhklfoh xvhg shu gd|= F @ 5331

D�2 �?@*)t�t Lu |�i hit�*|t

Zh fdq vwduw e| orrnlqj dw d ihz h{dpsohv lq whupv ri wkh vroxwlrqv rewdlqhg
dw hdfk lwhudwlrq/ vhh Iljxuh 41

Wkh qrq0lqwhjudwhg vroxwlrq fruuhvsrqgv wr wkh lqlwldo vroxwlrq rewdlqhg
dw wkh hqg ri vwhs 5 ri wkh dojrulwkp1 E| frqwlqxlqj wkh dojrulwkp +vwhs 6
wr 9, dqg h{sorulqj rwkhu YPL gholyhu| vwudwhjlhv/ wkh qhz lqyhqwru| frvw
lqfuhdvhv exw/ doorzv vrph vdylqjv lq whupv ri urxwlqj1 Lq Iljxuh 4/ lwhudwlrq
3 fruuhvsrqgv wr wkh qrq0lqwhjudwhg vroxwlrq zkloh wkh rwkhu lwhudwlrqv 4 wr
: fruuhvsrqg wr lqwhjudwhg vroxwlrqv1 Lq wkhvh wzr sduwlfxodu h{dpsohv/ wkh
ehvw vroxwlrq zrxog eh irxqg dw lwhudwlrqv 41 Krzhyhu/ vxssrvlqj wkdw d
kljkhu suhihuhqfh zdv jlyhq wr uhgxfh urxwlqj frvwv/ wkhq wkh ehvw vroxwlrq
zrxog eh dw lwhudwlrq : iru h{dpsoh D dqg 5 iru h{dpsoh E1
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Inventory cost

29000

30000

31000

32000

33000

0 1 2 3 4 5 6 7

Transportation cost

67000

68000

69000

70000

71000

0 1 2 3 4 5 6 7

Total cost

99000

100000

101000

102000

0 1 2 3 4 5 6 7

Inventory cost

11000

11500

12000

12500

13000

0 1 2 3 4 5 6 7

Transportation cost

140000

142000

144000

146000

0 1 2 3 4 5 6 7

Total cost

155500

156500

157500

158500

0 1 2 3 4 5 6 7

Example B : Inventory, Routing and Total Costs, example 
of 200 customers, 10% VMI, high setup cost.

Example A : Inventory, Routing and Total Costs, example
of 100 customers, 50% VMI, low setup cost.

Iljxuh 4= H{dpsohv ri Lqyhqwru|/ Urxwlqj dqg Wrwdo Frvwv dw hdfk
lwhudwlrq1

Iljxuh 4= H{dpsohv ri Lqyhqwru|/ Urxwlqj dqg Wrwdo Frvwv dw hdfk lwhu0
dwlrq1

Lq Wdeoh 4/ zh suhvhqw wkh dyhudjh wrwdo frvw lpsuryhphw iru hdfk sure0
ohp vl}h1 Wklv dyhudjh Frvw Uhgxfwlrq zdv fdofxodwhg e| frpsdulqj/ iru
hdfk jurxs ri h{dpsohv/ wkh ehvw vroxwlrq iru wkh qrq0lqwhjudwhg +l1h1 wkh
lqlwldo vroxwlrq rewdlqhg dw wkh hqg ri vwhs 5, yhuvxv lqwhjudwhg fdvh +l1h1
wkh ehvw vroxwlrq lq whupv ri wrwdo frvw/ rewdlqhg e| wkh dojrulwkp,1 Wkh
dyhudjh vdylqjv/ iru lqvwdqfhv ri 433 fxvwrphuv zlwk 43( YPL fxvwrphuv/
zkhq lqwhjudwlqj urxwlqj dqg lqyhqwru| lv 4> 75( ri wkh wrwdo frvw1
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Problem 
Size

Number 
VMI

Average Total Cost 
Reduction

100 10 1,42%

50 0,99%

200 20 0,94%

100 2,09%

400 40 0,26%

200 0,06%

Wdeoh 4= Dyhudjh Wrwdo Frvw Uhgxfwlrq iru hdfk jurxs vl}h1

Lq Iljxuh 5/ zh fdq vhh wkh wudgh0r� ehwzhhq Lqyhqwru| frvw dqg Urxw0
lqj frvw1 Wklv fruuhvsrqgv wr ylhzlqj wkh sureohp kdv d pxowl0remhfwlyh
sureohp/ zkhuh doo wkh vhw ri qrq0grplqdwhg vroxwlrq duh ri lqwhuhvw iru wkh
ghflvlrq pdnhu wr fkrrvh wkh ehvw gholyhulqj dqg urxwlqj vwudwhj|1 Lq h{dp0
soh F zh zrxog kdyh wkuhh qrq0grplqdwhg vroxwlrqv +wkh wkuhh flufohv lq wkh
judsk,1Lq h{dpsoh G/ rqo| wzr vroxwlrqv zrxog eh qrq0grplqdwhg +wkh wzr
flufohv lq wkh judsk,1

Example C

143500

144000

144500

145000

145500

146000

146500

11800 12000 12200 12400 12600 12800

Inventory Cost

R
ou

tin
g 

C
os

t

Example D

139500

140000

140500

141000

141500

142000

142500

23000 24000 25000 26000 27000 28000

Inventory Cost

R
ou

tin
g 

C
os

t

Iljxuh 5= Wudgh0r� ehwzhhq Lqyhqwru| dqg Wudqvsruwdwlrq frvw1

Zh dovr frpsduhg wkh qrq0lqwhjudwhg vroxwlrq zlwk wkh ehvw vroxwlrq lq
whupv ri urxwlqj frvw1 Wdeoh 5 frqvlghuv wkh wudgh0r� ehwzhhq lqyhqwru|
dqg urxwlqj frvwv zkhq jrlqj iurp wkh vroxwlrq ri wkh qrq0lqwhjudwhg fdvh
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wr wkh lqwhjudwhg rqh1 Wkh uhvxowv duh vkrzq lq whupv ri dyhudjh yduldwlrq
lq urxwlqj dqg lqyhqwru|= wkh lqyhqwru| frvwv lqfuhdvh dqg wkh urxwlqj frvwv
ghfuhdvh1

Wkh ehvw vroxwlrq lq whupv ri wudqvsruwdwlrq frvw dozd|v lpsolhv dq lq0
fuhdvh lq lqyhqwru| frvw1 Wkh gl�huhqfh lq wkh pdjqlwxgh ri wkhvh yduldwlrqv
lv mxvwl�hg rq rqh kdqg e| wkh ydoxhv fkrvhq iru wkh lqyhqwru| frvwv dqg
wudqvsruwdwlrq frvw1 Dqg/ rq wkh rwkhu kdqg/ e| wkh h{lvwhqfh ri rwkhu fxv0
wrphuv/ wkh FPL fxvwrphuv1 Wkhvh fxvwrphuv kdyh �{hg gholyhu| gd|v dqg
txdqwlwlhv= Wkh kljkhu lv wkh shufhqwdjh ri FPL fxvwrphuv wkh ohvv zh fdq
uhgxfh urxwlqj frvwv e| frqfhqwudwlqj gholyhulhv +wkh lpsdfw rq wrwdo urxwlqj
frvw lv ohvv ylvleoh,1

ip_cost vrp_cost ip_cost vrp_cost ip_cost vrp_cost ip_cost vrp_cost

100 10 -0,19 0,03 -0,22 0,03 -0,07 0,01 -0,08 0,02

50 -0,21 0,05 -0,19 0,04 -0,06 0,05 -0,06 0,05

200 20 -0,16 0,03 -0,15 0,02 -0,05 0,01 -0,03 0,01

100 -0,18 0,12 -0,17 0,12 -0,04 0,03 -0,04 0,03

400 40 -0,15 0,02 -0,14 0,02 -0,02 0,01 -0,02 0,01

200 -0,15 0,11 -0,15 0,11 -0,03 0,02 -0,02 0,02

Low setup cost parameter

 Equal demand  Different demand 
Problem 

Size
Number 

VMI

High setup cost parameter

 Equal demand  Different demand 

Wdeoh 5= Wudgh0r� ehwzhhq lqyhqwru| dqg urxwlqj frvwv1

Lq whupv ri gholyhu| gd|v/ zkhq rswlpl}lqj vhsdudwho| zh rewdlq dq dy0
hudjh ri 7> 9; gholyhu| gd|v d zhhn/ iru wkh YPL fxvwrphuv/ zkloh iru wkh
lqwhjudwhg fdvh/ wklv dyhudjh idoov wr 6> 7< gholyhu| gd|v d zhhn1

Dqrwkhu dqdo|vlv wkdw fdq eh grqh lv lq whupv ri yhklfohv qhhghg1 Zkhq
zh lqwhjudwh wudqvsruwdwlrq dqg lqyhqwru|/ wklv lpsolhv wkdw wkh gholyhu|
iuhtxhqf| lv uhgxfhg dqg zh duh deoh wr uhgxfh wkh qxpehu ri urxwhv1 Dv0
vxplqj wkdw wkh glvwulexwru sd|v d �{hg fkdujh shu xvh ri d yhklfoh wkhq/
e| uhgxflqj wkh qxpehu ri urxwhv dw wkh hqg ri wkh zhhn wkh glvwulexwru lv
deoh wr uhgxfh urxwlqj frvwv1 Wdeoh 6/ vkrzv iru hdfk jurxs ri h{dpsohv/ wkh
dyhudjh uhgxfwlrq lq wkh qxpehu ri yhklfohv qhhghg shu zhhn1 Wkh kljkhu
lv wkh shufhqwdjh ri YPL fxvwrphuv/ wkh pruh zh fdq uhgxfh wkh qxpehu ri
yhklfohv qhhghg1 Wklv uhgxfwlrq lv kljkhu zkhq wkh vhwxs frvw sdudphwhu lv
kljk1 D kljkhu vhwxs frvw sdudphwhu phdqv wkdw vroxwlrqv zlwk ihzhu gh0
olyhulhv duh suhihudeoh1 Iru h{dpsoh/ lq wkh jurxs zlwk 433 fxvwrphuv 43 ri
wkhp YPL/ iru wkh lqwhjudwhg vroxwlrq/ wkh wrwdo qxpehu ri yhklfohv qhhghg
shu zhhn uhgxfhv rq dyhudjh 5> ;4( dqg 4> :6( iru wkh fdvhv zlwk kljk dqg
orz vhwxs frvw sdudphwhu uhvshfwlyho|1
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High setup cost 
parameter

Low setup cost 
parameter

100 10 -2,81% -1,73%

50 -12,34% -4,67%

200 20 -2,55% -1,65%

100 -12,02% -3,19%

400 40 -2,08% -0,99%

200 -10,65% -2,14%

Problem 
Size

Number 
VMI

Reduction N. of vehicles

Wdeoh 6= Uhgxfwlrq lq wkh wrwdo qxpehu ri yhklfohv1

Lq whupv ri uxq wlph/ Wdeoh 7 vxppdul}hv wkh dyhudjh qxpehu ri uxqqlqj
wlph shu sureohp/ phdvxuhg lq vhfrqgv=

Problem 
Size

Number 
VMI

Average Run 
Time in seconds

100 10 110,73

50 113,88

200 20 465,72

100 376,39

400 40 1783,901

200 1490,591

Wdeoh 7= Dyhudjh uxq wlph

Wkh qrq0lqwhjudwhg lqyhqwru| vroxwlrq frqvlvwv ri gholyhulqj doprvw hyhu|
gd|1 Lq Wdeoh 8/ zh vhh wkh dyhudjh qxpehu ri gholyhu| gd|v/ iru wkh qrq0
lqwhjudwhg sureohp iru h{dpsohv zlwk gl�huhqw yduldwlrqv lq ghpdqg1 Iru
hdfk jurxs wkh vwdqgdug ghyldwlrq ri ghpdqg ehwzhhq gd|v lv 3/ 8/ 43/ 531
Wkh kljkhu wkh vwdqgdug ghyldwlrq/ wkh ihzhu wkh dyhudjh qxpehu ri gholyhu|
gd|v1
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Demand 
variations

Inventory 
minimization

0 4,68

5 4,56

10 4,38

20 3,98

Average number of delivery days

Wdeoh 8= Dyhudjh qxpehu ri gholyhu| gd|v1

Wkh deryh uhvxowv vkrz wkdw wkh glvwulexwru zkr kdv YPL fxvwrphuv
jdlqv iurp frqvlghulqj lqyhqwru| dqg urxwlqj lq dq lqwhjudwhg pdqqhu/ dqg
wklv jdlq fdq eh vhhq lq whupv ri wrwdo frvw uhgxfwlrq1 Wkh ehvw gholyhu|
vwudwhj| zloo eh wr gholyhu yhu| iuhtxhqwo| zklfk lpsolfdwhv kljkhu wudqv0
sruwdwlrq frvwv1 Zkhq lqfoxglqj wkh frvw ri gholyhulqj/ wkh vroxwlrq kdv ihz
gholyhu| gd|v dqg wudqvsruwdwlrq frvwv duh uhgxfhg1 Wkh pdjqlwxgh ri wklv
lpsuryhphqw ghshqgv rq wkh sureohp vl}h/ rq wkh sursruwlrq ri YPL fxv0
wrphuv lq wkh sureohp dqg dovr rq wkh xqlw frvwv fkrvhq iru erwk sureohpv1
Lw lv dovr lqwhuhvwlqj wr frqvlghu wkh sureohp lq d pxowl0remhfwlyh shuvshfwlyh1
Iru wklv fdvh/ dqdo|}h wkh vhw ri qrq0grplqdwhg vroxwlrqv dqg lw ehfrphv wkh
uhvsrqvlelolw| ri wkh ghflvlrq pdnhu wr fkrrvh wkh ehvw vroxwlrq edvhg rq d
jlyhq lqyhqwru| vwudwhj| dqg d gholyhulqj sodq dvvrfldwhg1

S �L?U*�t�L?t

Wkh orjlvwlf sodqqlqj ixqfwlrqv ri wudqvsruwdwlrq dqg lqyhqwru| sod| dq lp0
sruwdqw uroh lq pd| lqgxvwulhv dqg lqwhjudwlqj wkhvh wzr duhdv pd| ohdg wr
vljql�fdqw jdlqv dqg pruh frpshwlwlyh glvwulexwlrq vwudwhjlhv1 Wkh pryh0
phqw wrzdugv pruh lqwhjudwhg surfhvvhv fdqqrw ljqruh wkhvh wrz nh| orjlvwlf
�hogv1

Lq wklv sdshu/ zh suhvhqw d Pxowl0Shulrg Lqyhqwru| Urxwlqj Sureohp
zlwk Vwrfkdvwlf dqg Ghwhuplqlvwlf Ghpdqg1 Zh kdyh frqvlghuhg wkh sdu0
wlfxodu fdvh ri d glvwulexwlrq �up wkdw kdv wr ghflgh rq lwv glvwulexwlrq dqg
lqyhqwru| vwudwhjlhv1 Wklv �up kdv wzr w|shv ri fxvwrphuv/ wkh YPL dqg
FPL fxvwrphuv dqg ghflvlrqv kdyh wr eh pdgh rq wkh txdqwlwlhv gholyhuhg
dqg gd|v ri ylvlw wr wkh YPL fxvwrphuv/ dqg dovr lq uhodwlrq zlwk wkh urxwh
sodqqlqj iru wkh frpsohwh vhw ri fxvwrphuv iru d zhhn sodqqlqj shulrg1 Wkh
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dgglwlrqdo dvvxpswlrq ri rqo| revhuylqj vwrfn ohyhov dw wkh ehjlqqlqj ri wkh
sodqqlqj shulrg eulqjv pruh frpsoh{lw| lqwr wkh prgho1 Wkh remhfwlyh ri
wklv prgho lv wr ghvljq dq lqwhjudwhg Lqyhqwru|0Urxwlqj vwudwhj| iru d glv0
wulexwru wkdw kdv wr pdqdjh lqyhqwru| dqg wudqvsruwdwlrq frvwv ri wkhlu YPL
fxvwrphuv1 Frqvlghulqj wkh lqyhqwru| dqg wudqvsruwdwlrq pdqdjhphqw lq dq
lqwhjudwhg prgh fdq |lhog wr d ehwwhu shuirupdqfh1 Dv idu dv zh nqrz/ wkhuh
qr vwxglhv rq wkh LUS zlwk wkhvh fkdudfwhulvwlfv1 Wklv prgho fdq eh dssolhg
lq pdq| glvwulexwlrq surfhvvhv= iru h{dpsoh/ lq wkh uhwdlolqj lqgxvwu| iru
vxssolhuv ri vxshupdunhwv dqg ghsduwphqw vwruhv1

Dq khxulvwlf dssurdfk/ edvhg rq wkh LOV zdv frqvwuxfwhg wr vroyh wklv
sureohp1 Wkh khxulvwlf kdv 9 vwhsv/ rq wkh �uvw vwhs dq lqlwldo vroxwlrq
iru wkh lqyhqwru| sureohp lv rewlqhg1 Wkhq/ iru hdfk gd| lq wkh sodqqlqj
krul}rq/ wulhv wr �qg d jrrg ihdvleoh vroxwlrq e| vroylqj d YUS1 Rq vwhs 6/ dq
dssur{lpdwlrq ri wkh YPL fxvwrphuv gholyhu| frvw lv fdofxodwhg dqg edvhg
rq wkh uhvxowv wkh qhz txdqwlwlhv dqg gholyhu| gd|v iru wkh YPL fxvwrphuv
duh rewdlqhg1 Wkh surfhvv lv uhshdwhg rq wkh qhz urxwhv xqwlo d vdwlv�hg
vroxwlrq lv irxqg1

D frpsxwdwlrqdo vwxg| zdv grqh wr dqdo|vh wkh lpsdfw ri lqwhjudwlqj
Lqyhqwru| dqg Urxwlqj= wkh uhvxowv vkrz wkdw frvw uhgxfwlrqv duh rewdlqhg
zkhq frqvlghulqj lqyhqwru| dqg urxwlqj lq dq lqwhjudwhgpdqqhu1 Wkh ghjuhh
ri wklv lpsuryhphqw ghshqgv rq wkh sureohp vl}h/ rq wkh sursruwlrq ri
YPL fxvwrphuv lq wkh sureohp dqg dovr rq wkh xqlw frvwv fkrvhq iru erwk
sureohpv1 Jlyhq wkh uhodwlrqvkls ehwzhhq wkh lqyhqwru| dqg wudqvsruwdwlrq
frvwv/ wkh ghflvlrq pdnhu fdq ghflgh krz pxfk ri wkh gholyhulhv wr wkh YPL
fxvwrphuv wr frqfhqwudwh1

Zh duh frqvlghulqj ixwxuh h{whqvlrqv ri wklv zrun= Rqh lqfoxghv wkh
dqdo|vlv ri wkh fdvh zkhuh ghpdqg idfhv d glvwulexwlrq ixqfwlrq gl�huhqw wkdq
wkh rqh zh kdyh dvvxphg lq rxu zrun/ iru h{dpsoh/ wkh Qrupdo glvwulexwlrq1
Dqrwkhu lqwhuhvwlqj h{whqvlrq lv wr phdvxuh wkh vhwxs frvwv/ lq Vwhs 6 ri
wkh dojrulwkp/ lq d g|qdplf zd|/ wklv lv/ wdnlqj lqwr frqvlghudwlrq qrw rqo|
wkh suhfhvvru dqg vxffhvvru fxvwrphuv lq wkh wrxu exw d joredo h�hfw rq wkh
zhhn sodq1 Ilqdoo|/ zh zrxog dovr olnh wr ghyhors d pxowl0remhfwlyh prgho
dqg vroxwlrq phwkrg wr vroyh wkh PSLUS0VGG1

+iuihi?Uit

^4` Dqlo|/ V1 dqg Ihghujuxhq/ D1 +4<<3,1 _Rqh zduhkrxvh pxowlsoh uhwdlohu
v|vwhp zlwk yhklfoh urxwlqj frvwv1% Pdqdjhphqw Vflhqfh 69+4,= <504471
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^5` Dqlo|/ V1 dqg Ihghujuxhq/ D1 +4<<4,1 _Uhmrlghu wr _Frpphqwv rq rqh0
zduhkrxvh pxowlsoh uhwdlohu v|vwhpv zlwk yhklfoh urxwlqj frvwv%1% Pdq0
djhphqw Vflhqfh 6:+44,= 47<:047<<1

^6` Dqlo|/ V1 dqg Ihghujuxhq/ D1 +4<<6,1 _Wzr0Hfkhorq glvwulexwlrq v|vwhpv
zlwk yhklfoh urxwlqj frvwv dqg fhqwudo lqyhqwrulhv1% Rshudwlrqv Uhvhdufk
74+4,= 6:07:1

^7` Edlwd/ I1/ Xnrylfk/ Z1/ Shvhqwl/ U1 dqg Idyduhwwr/ G1 +4<<;,1 _G|qdplf
urxwlqj0dqg0lqyhqwru| sureohpv= d uhylhz1% Wudqvsruwdwlrq Uhvhdufk D
65+;,= 8;808<;1

^8` Edug/ M1/ Kxdqj/ O1/ Mdloohw/ S1 dqg Guru/ P1 +4<<;,1 _D ghfrpsrvl0
wlrq dssurdfk wr wkh lqyhqwru| urxwlqj sureohp zlwk vdwhoolwh idflolwlhv1%
Wudqvsruwdwlrq Vflhqfh 65+5,= 4;<05361

^9` Eduqhv0Vfkxvwhu/ G1 dqg Edvvrn/ \1 +4<<:,1 _Gluhfw vklsslqj dqg wkh
g|qdplf vlqjoh0ghsrw2pxowl0uhwdlohu lqyhqwru| v|vwhp1% Hxurshdq Mrxu0
qdo ri Rshudwlrqv Uhvhdufk 434= 83<084;1

^:` Ehupdq/ R1 dqg Oduvrq/ U1F1 +5334,1 _Gholyhulhv lq dq Lqyhq0
wru|2Urxwlqj Sureohp Xvlqj Vwrfkdvwlf G|qdplf Surjudpplqj1%
Wudqvsruwdwlrq Vflhqfh 68+5,= 4<505461

^;` Ehuwd}}l/ O1/ Sdohwwd/ J1 dqg Vshudq}d/ P1J1 +5335,1 _Ghwhuplqlvwlf
rughu0xs0wr ohyho srolflhv lq dq lqyhqwru| urxwlqj sureohp1% Wudqvsruwd0
wlrq Vflhqfh 69+4,= 44<04651

^<` Exuqv/ O1G1/ Kdoo/ U1Z1/ Eoxphqihog/ G1H1 dqg Gdjdq}r/ F1I1 +4<;8,1
_Glvwulexwlrq Vwudwhjlhv wkdw Plqlpl}h Wudqvsruwdwlrq dqg Lqyhqwru|
Frvwv1% Rshudwlrqv Uhvhdufk 66+6,= 79<07<31

^43` Fdpsehoo/ D1/ Fodunh/ O1 dqg Vdyhovehujk +4<<<,1 _Dq lqyhqwru| urxwlqj
sureohp1% zrunlqj sdshu1

^44` Fkdq/ O1P1D1/ Ihghujuxhq/ D1 dqg Vlpfkl0Ohyl/ G1 +4<<;,1 _Sured0
elolvwlf dqdo|vlv dqg sudfwlfdo dojrulwkpv iru lqyhqwru|0urxwlqj prghov1%
Rshudwlrqv Uhvhdufk 79+4,= <904391

^45` Fklhq/ Z1/ Edodnulvkqdq/ D1 dqg Zrqj/ U1 +4<;<,1 _Dq lqwhjudwhg lq0
yhqwru| doorfdwlrq dqg yhklfoh urxwlqj sureohp1% Wudqvsruwdwlrq Vfl0
hqfh 56+5,= 9:0:91
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^46` Fodunh/ J1 dqg Zuljkw/ M1/ 4<97/ _Vfkhgxolqj ri yhklfohv iurp d fhqwudo
ghsrw wr d qxpehu ri gholyhu| srlqwv%/ Rshudwlrqv Uhvhdufk 45/ 89;08;41

^47` Gdqw}lqj/ J1E1 dqg Udpvhu/ M1K1/ 4<8</ _Wkh wuxfn glvsdwfklqj sure0
ohp%/ Pdqdjhphqw Vflhqfh 9/ ;30<41

^48` Guru/ P1 dqg Edoo/ P1 +4<;:,1 _Lqyhqwru|2Urxwlqj= Uhgxfwlrq iurp
dq Dqqxdo wr d Vkruw0Shulrg Sureohp1% Qdydo Uhvhdufk Orjlvwlfv 67=
;<40<381

^49` Ihghujuxhq/ D1 dqg Vlpfkl0Ohyl/ G1 +4<<8,1 _Dqdo|vlv ri Yhklfoh Urxw0
lqj dqg Lqyhqwru|0Urxwlqj Sureohpv%1 Qhwzrun Urxwlqj1 P1 R1 Edoo/
Pdjqdqwl/ W1O1/ Prqpd/ F1O1/ Qhpkdxvhu/ J1O1 Dpvwhugdp/ Hovhylhu
Vflhqfh 0 Qruwk Kroodqg1 ;= 5<:06:61

^4:` Ihghujuxhq/ D1 dqg ]lsnlq/ S1 +4<;7,1 _D frpelqhg yhklfoh urxwlqj dqg
lqyhqwru| doorfdwlrq sureohp1% Rshudwlrqv Uhvhdufk 65+8,= 434<0436:1

^4;` Kdoo/ U1Z1 +4<<4,1 _Frpphqwv rq rqh zduhkrxvh pxowlsoh uhwdlohu v|v0
whp zlwk yhklfoh urxwlqj frvwv1% Pdqdjhphqw Vflhqfh 6:+44,= 47<90
47<:1

^4<` Mdloohw/ S1/ Edug/ M1I1/ Kxdqj/ O1 dqg Guru/ P1 +5335,1 _Gholyhu| frvwv
dssur{lpdwlrqv iru lqyhqwru| urxwlqj sureohpv lq d Uroolqj Krul}rq
Iudphzrun1% Wudqvsruwdwlrq Vflhqfh 69+6,= 5<506331

^53` Noh|zhjw/ D1M1/ Qrul/ Y1V1 dqg Vdyhovehujk/ P1Z1S1 +5335,1 _Wkh
Vwrfkdvwlf Lqyhqwru| Urxwlqj Sureohp zlwk Gluhfw Gholyhulhv1% Wudqv0
sruwdwlrq Vflhqfh 69+4,= <7044;1

^54` Nxq}/ F1 +5333,1 _Lwhulhuwh Orndoh Vxfkh xu gdv Yhklfoh0Urxwlqj Sure0
ohp%/ Glsorpduehlw +Pvf Wkhvlv, WX Gdpvwdgw1

^55` Olgnh/ V1 O1 dqg H1 P1 Pdovwurp +4<;:,1 %D uhfxuvlyh frpsxwhu dojr0
ulwkp ir ghwhuplqlqj mrlqw suredelolw| lqyhqwru| glvwulexwlrqv1% Frp0
sxwhuv ) Lqgxvwuldo Hqjlqhhulqj 45+5,= 43804491

^56` 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

^57` 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
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^58` Ulehlur/ U1/ Orxuhq�fr/ K1 +5336,1 _Pxowl0shulrg Yhqgru Pdqdjhg Lq0
yhqwru| V|vwhp%/ zrunlqj sdshu/ _Plphr%1

^59` Vq|ghu/ U1 G1 +4<;7,1 %Lqyhqwru| frqwuro zlwk jdppd suredelolw| glv0
wulexwlrq1% Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk 4:+6,= 6:606;41

^5:` Vw�xw}oh/ W1J1 +4<<;,1 _Orfdo Vhdufk Dojrulwkpv iru Frpelqdwruldo Sure0
ohpv 0 Dqdo|vlv/ Lpsuryhphqwv/ dqg Qhz Dssolfdwlrqv%1 Ghsduwphqw ri
Frpsxwhu Vflhqfh/ Gdupvwdgw Xqlyhuvlw| ri Whfkqrorj|1

^5;` Wuxghdx/ S1 dqg Guru/ P1 +4<<5,1 _Vwrfkdvwlf Lqyhqwru| Urxwlqj= Urxwh
Ghvljq zlwk Vwrfnrxwv dqg Urxwh Idloxuhv1% Wudqvsruwdwlrq Vflhqfh
59+6,= 4:404;71
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