«c{‘[“%.{ /'_"/“/:o»dw )
VA -A) o 1 Fee lils VY ojled ‘;9“5@%&&
Ry ) — ok
of yob 55,5 (5 3U00;T 851 5 b 5agusd (5392 90 — ot K0 42 53 Jubo oS 1l
D paond Y cao 40 (59 590 aafllao by
T3l dem 132 3l S el Lo N
1l 0L 7 a M ol  ibign 5 5 oISl (gl i o3 5 =)

JU_J “-)‘j@; 4};:.1‘ nm}}i—\l
Ol Ol S oal gimis K251 (g e (Slapins 3 glo mlige 0aSE1 T
QA CRVEY VAT RN VR VIR L SRVRYNAR SFTOC PR

PRV

foSaangns axllas 4 Ao (_H‘l Cowl @28 ,8 )18 olddss 5l 6ol 4> g5 0 50 >l la L o =59 L ‘5>‘).]o ) UAAL 0 ) Sy e
oolainl 5 lgils B pasais YIS Cais jo Jld o5 15 S Oledlbl jl ax LSS Jow byl jo ol ol yiie (arass § O
5 35V lolil 0 ysSl e S gy Ko eoaBly slal b hlas 50 atge U oly 4 olies o (Saizen oa el ead
s ol anlie gilvangy H8le 5 b dol> zlis (ot Jo> gy S Giales jslate a4y .ol ouds slpiioy Lol,S 55 (b,
259 Sl cad bl solasl lawgie Jols il gloazls a5l golprin on,sl o Slee a5 aoo o olid Sl
69y50 axlllas guls yioren (uwl 00iiS jlgael Jlawy (LVIVY) ouls (5158 GBS o 5oy o (L2 /VY) (S0 SIS Lawgie (AAIY)

el oa o )Lil 18 S0 e 1S5 wiz 4y bl jo e ce slpaion 1) 55 e VY @ VY Sl aes ST slaws palS s aid T O g0
(59390 axdllao pleol Jas 51,5V (55lwdl3T (609290 J paS «ntemnd (i oy 0 1 5ulS (5Ll

5950 (e (3lmainge & e Wlgioe (M Sl doddlo —)
Sl p3¥ doanpe 5 Sy (29248 e 4 lites sl alple

L] o9 dins 42,45 ks cpnels 5,055 = 0,50 db olisS o Aad S0LE ;) a4y sl 4 4z L

sla Shls 5l Glodes yidu YIS 5 olgs (539250 a5 Lxil e Den n el L ASLE en asl
b ‘ ‘ . 02 DEg=ose Luymads A ]y el 0 ) e G oebn 9
A cpl )0 Sgup 43sS ;0 1A e co Juli | beS b (6> el 855 Db 1] el 0555 i ygali 85055 S pyoke
5)_4.}‘ 6LQJL~J )O 09.“: )M J).w 6)3|¢9.~.: ;Lﬁb)| L J““j—“s" . 5 ) . “ @bu&" 9 ‘5\)..\.:0)&4.) 613 . . JALM: ).u
JLs ol b [0 -A] 05,8 e 5k 50 55 1) oV guanme (5 ,)l0gSS w¥gmame $35r e Sapde s @y bl 2L

. Lo 0 Ol s 4 2 ewls g i Sybllaxil 4y
lizon apeass 5losz S0 5 g5 a5t Gyl g bl T 0 TR R s s e .
St dmag s mals L osile oo LBl a5 0 aalgs 15k

9] el e a>g5 0,90
IVT asl ails (el (goladl Jlade 4y o) )8 (sogee
bl 2 1) G092 90 Glopreal 15U )l pliia . _
N 5o 5 oly Ll (55,5 55 0 b odhed hplfle TS e el oS e S el
15 e slaailga [V 2VY] oo S dalllas alid 1o 5 elad Lopde slapreal aile o ol 53 - Serna 4
g Lol 6 e s IS (6 Sl 5,8 L g by o0 plitde 4 Jag2d BV gj98 0925 5 (5092 50
5 nJas ol 5o 05250 slosinse Jlosl ilio Ialys PR Sl sl a0 o ] BT

Wddl gl gl Jos Saomn anazg Lgoa s ad §

(S 18 g S slapn 5T ol (ogite J slagts,

grnasiri@alzahra.ac.ir : Jgtus odiwsgs asbll,



1Fee Glauali VY o Lo o 9 S JLw « u...ub [JECSSRCNPURYY JPN P TRe.A}

Ao

Ol Sl 5 olowl 2 O e Gl slabe
Sl b e (2 il e S g 03,5 ool
SilwJBlas Bl Ly oMgd & it Lol (apass
Gl slats, 5l = oo Jo sl ilools dnngs boasy 50
Ghsy Gl 5 21y plool (s3lma gy 4o 5l il
il 00 (1o eyt (ol Sy § Eaion (o7
e |y Laasse jo daxde BB (Jo2dd e b alol> ol

Lol ools ylis

s 35 S e i [YY] (2 3,505 B
9 Oxalae 2355 35 pe 55 90 (18,5 Sl 0 (o8 L) e as
Lol o9 00,9l jelate 4 LT .alad § Las o ytadasls
L oands ool Jow 00 K da jo Jow o 1y (6 i
00l )35 S5zl llad o jo g ol Jo S5 o5l
P SO P P ) roL?Lﬂ Sllas oLz 5l

P IV e 5 5 ke dlio 4 lsi o amass - b 55
dde dduadiz i 40 g 0, (o slraSlil Cox >
S yaw Glay gilw JBlas Jols Sloal (a8 s
50 6, Jlaiz! piSlas gilwainneS 5 pimn o LAz
ol 03903 S5 ] o 8l 4y aS 00 Ao SMgs
Iy ol o arli 4 Cod Jow (L8, Coro oad &l s

Lol ooly ylis

sy St [YF] l5a 5 Ll (i
o &5 adllae G Lol jen (OMSB ki 09> 0 )
aial 55T oloul Joli (T )y 090 alis dilodges
351 a9l oty olanst 5 IS od )b b Mol
Ll a8 £65 5l ool ools dnwgi b, Jow ol s
S (e ) 12 gy Sl g Sl s d0e
ol 00y oolanl Jo gl (Sluor

slecdl wilgs o Lol aps o lis oYl sy
5o adizee hlae o Dgles el jol (pl ol anils eqiie
32 el S sl 55 552 y0el e s Sl
Ol B (o lhb a5 il e lahy) e
Gl 315 Lose b bl b ) i o Lolis s 15 0
Lol pge WY (S gaipez il Jlazl b (ahd Koo
Sl oals &1L (V) S 0

adox 5 (S DVLEs (3 el o Gdod ) o

085 B 5o b O 2L sileaz e 2 (VR VA
Lol b (Jyamedin piws S5 )0 (685790 (slopprouas
Sl Syl Cudgazme (18,5 b o by ol i Jleis
i ¢ g8 SYUo 1 (6 )k 5o el 00l 35505 cp 565 35 e

Greyiolin sladae Jo sl 35L5Y (g3loolil 5 5500 4529
DF 18] ol ond slpiny 25,

3z S0 &S (el 8y Slbes o pie slagty,
a5 s S ol gllo wiland ke o | epenal
pae wiond (Sanlon Jdoar 5V glaanza Juls Ll 5l (S 5
Los 50 Lgs o L5ls culs, (5,u5 Ko daosls (6, lA8 ST ol a4y
Sl sLilye ol gl 5,55 poe 5 Lol Sligyen
WS S5 S b 4 Wlgi o0 45 010 2925 (3lwaz LSy s
WSS9y S e 5 )aslip Goyb 5l 993 9 ,Sdee b
5 Wapomad (5 wd> LSy oo 58 6blse LS o LI [VV]
A e 22l Grotely sbadae B o s slaadge
ogdle g oud (Slowlowe Hai 5l oz Jlews ladue T JSS
5 8y Lo yo Sladss ol 5l eolaiwl desl J> EHlaes 5
led o0 axlge (G Cudgaze 9 5yl L) Cao

Sl ke sboje 5l (S a3 S &g Slinios Gulul
G590 JyS 38 T wsodg (LS D 0 Cundg g
J5 olles 1S9t 4 Lagogz 90 J S g S oo ol
(SIS slaaiyze LS a8 05 bioe e el 0
Sl slacdlad als Gls 9)e Ll sLad Gl oS
Dl g o) EBse 4 s 5 ol

SS9 9o ~)9 ~ 2Ll Altne SO VAT 5025 5 Il e
Glalds shls (lig 8 00,5 a8 wiledgel () 1y (s ans
OUT (b aslllas arwgs dllin opl oiis Jyame ST dolas
J= oly SO eans all)l oL, Joas Jo sl a5 V4] el
J= ol Gibios slesls @il f 531 5Y (g5lwalsl 5 e sl
Aol g oo dewlee ol Jow ay93l alivss 5l oolaswl b ange
5 0, Shas oamo il calizee dges bl jo > ol sl
Syl golgainn o canlio o

sl ) $352se ~ Lol dliee SUV-] s 5 By

Lol b el o pmniy S50 wlie sloaSi i =)k
oo el 55 it e o sl ilosgad S pal o
s s Joa 5 o iie S 8,5 15 5 S L
.».\J|009_0J MLOA £9o 4> o L;los).?m J\.\.A Li |) L&:u‘a} 9 009—04'
e ool pac JS 0590 10 S0 o Sholpiiny S
ol )1 55 yLig 800 5 (sl olimabl 033 (6 ,lagSs 5 | plial

g ] lajed s [YV] o San g Lol lagS
‘J.».ALs B Lf‘)’ J)L»_’>| sS_w.:) S9—=>9 olfd_l«) L’ ‘) 99> 90 9
st e i,y s il losges s e slal

! Risk pooling effect



M s 5 (5 LoDl £,

S3Lwl3T 0,50 95 b dlutnd (5392 90 — b 310 42 )15, o ST (255

ol 58 e Sl ol il i 0 ol S
diz g adllas 8,50 S0 50 Joe drwgd Slwle gl ¢ isn

QLe(.m.u 9 ‘5,542....4 el oo z° J.u LSA.))J\.\.Q QLQ,...M.:
Lol sdel BT i3y 50 50 g aslsl gl ST Ol

Joto 41 5 sl yio g s Y

[« S s “.alﬂ)u‘x “Sd’l D9 yae ’“u——" »°
(Y) L&Mz )b‘;m));m'wum &wkﬂwbo;@

Ll 00 o0l QL.\..:
0992 ua?u.uo Ui J.?:A asS el AJL>)L§ \_i.l J.AL.: Jﬁ‘ CJGM

080T TR 9 Sl &a)}: 4&“‘: Lgl!b)l.u IXVELY od)ji)..l 9
PR NENTY

als 5 bl ol

@ (dawvur)

@cdu,vzt)
@(dsp vy)

@ (da, vir)

oy 8 el A Siloss S 1(Y) Y

5 it (5550 ol e 35500 Jo 5550 Sl & il
ol adg SIS ooy

Gls a5 el izl gl aalS (gla Ll ol g0 selas
SIS byl cnl o bigagzge 5 wites dgazme Zod)b
Olyie (Solas Lol (5555l Wb basdgzge cnl 095 o

il (B9

LQJ‘ u&.@ aS cwl UL"’SJSO‘)P L» UL)'“"‘"A JALMJ P g C.IG.NJ
S (oo S Jloy @398 5l 99 o0 22

258 aSeh (Fhb ey p 0590 oyl S 4 azgi b
el b3 0)lge Jolds lgi oo |y 4z LSS
05,5 aieS a5 U wigd (o)1 L) iiuw Slo o

by, b azgi b aS ogy ool aid 3 la5 o Jgase SO a0
Sl 31 5 Jyamo 0z honper (55,5 15 50 ooy slio
Sz @ Sl Ll slad g b b aass o Ll
5 Eg—o50 Dludl (Fo 0T a4y azgi L olo valgs ulidl 1) Jow
Slogais :l_‘:U D5 )0 0jg> ) o d.d)f O,y g0 Slalllas
Sdsie slacusgios 3929 b oxdly slad ;o Jow Julow Cys
Jbd o5 ,0 SO aledbl 5l Lol Jow Sbs)l pe cl Ao
aog Lol ot solitul | lgls G yasas YIS cars o
Oy = e OS] gy S ool e (S @
5l el Sl oy Jo sl a5 oo slptny 51,5V (g5Llwoly]

ol 00 oolazwl (6, 80] sloaygy 5l 5 51,3Y is, Jlesl

Lol

Lg',lé ,JLo.'l.’>l

v v

| |
v v

S gazali RYRE

Lolis o slo S (& 0 gz () JSSU

9 Dlogrhe pgd (A )3 iiawl 258 (py pol> dlie JLSLs

Salss &) memo sae Lalide (a3 e oL, snyaeby Joe
Giledlil Cozlr n (e 0] gy pam i 5o S
s Sty S5 o, b olpen oL 5 5 $1,5Y
by S Glesl lp Slslre @l 5 dised Jilas oo

! Fast-moving Consumer Goods (FMCG)



1Fee Glauali VY o Lo o 9 S JLw « u...ub [JECSSRCNPURYY JPN P TRe.A}

AY

dde goseo

' O yiin 42 gone
J 2255 3S1ye bl sl 05l sla Jore dcgazee
L Y guas A gasxe
IVH

TC Sl pll s ymie Lol Sl asly S Jom ase
o asss 5 3 ¢l Jyamo

TC, Sl ol ] s 5 0 Lol 5l asly S Jom aio
5L 650 5l Jgame

F, ] Sl 5355 Silebos 5 (o)) olal ool 20
Hil ol 1 gy 3l ol s yte Lol (uSiln
o2 o 1 e 51 ol (5 5e slolis ol
h. 2l ol g pll Jgmame amly s (o)l asyze
! oles 9=l
Ajl a5 5l el j oLl o el Jgame (20 law 450
C plj ol egd b
S Sl s el Jgame 5oy S o)Ll 5Li 0550 (Las
Tj Pl Ll s (Jlge Gl 99 (e Oloj Do
Ry ph okl el Jgame 09250 yiSTa>
i pli LT pll Jyame suzs (4 )law alas
Qil el Ol o ol Jgame age (5,lew
TH Sryaeliy 38
Tic $O97 90 slban;e goaxe

6)'50*""‘" 6L€b).:.;.'§.a
a8l o plj Ll s pl T gmasre f.sli & yiin ST
D] e )0 0 g S

2 0 509D el 2395 35 50 pl] e o0 ST

Oy guais)
D pll Jyame sl el Ll Lol (:Sile
v, ol Jyama 51 ol Ll sLolis sl

L by @i shls pli sl 5l pl I Jpame slolis axls
2l Ty + LT ey o 8 0nyy Jlene Byl 9 My (2Siles
s (8l Coss o (lgie 4 a5 sl Jleixl (1-ar) s
Sl pl] Ll jo cwn s mhaw Cosgame wod oo aSLL
295 Ol Sl ge 5 O yg0a ol | Jgame
SLy=1—ay )

030 ;o 50 Wl aseine (V) IS 5l oS jebjlen 3,1 5
s 5 ey plonl (605 5 i b s Ty + LTy,

odds ol sla Ll 4y )b jie 468> 1 janass lapmoas
e ST e Badmd cpl jo aS cwl 58 LB fanl anass
&8 Sy Sl i) Jeaxe j0 gtie 2 Sl
S Bl o wilgs oo andly )l yanl
4 Obytie (il GLoli 9925 L is092 90 slapoas
Lauie U ogd 5,lS oads bl sla,lil jo (605230 ,laide
oley g oot blod (6 uS anie dsdlas ol jo 00,5 aiwS
ol 00 M;J.Lu)«) r:jl.xo prj)bb@d\f J)L.\)

Al Fge altee o 5 silede (Soez

sauie aulxe g o290 JyS Cowlw -V-Y
loyss oy 5 J Ll Ly ands o j0 a8 05 b o0 (558

Lol (55,5 03,50 sl Rty 11 Tip) (o2 a3 5 (599250
Jolsd yo emsi S 2 00 Sl A osd e ool Jlozo|
5 485,18 gy 2y90 LYE (39250 mhaws Ty 2ol Sloj
Ol 5 eS8 L (M) 99z o jlasw alaks 4 (535290 g S
Cpmdge STas ey BB S5lasl 4 b jlaw il oo

Ll VB (Jad (g392 g0 han 9 (Rjp) JL3l 0 VB 52 (639294
LT ey ae cuddS 5o iylaw cpl g 05d o0 jole (V)

20,5 oo 2l o
Qu=Ry—1Iy M
ol 0 00ls L (F) SS9 (6995 g0 ek &l s

r(t)

Tj " LT T) |I_,Tj| Tj LT}

J @i S ol Jyamme 39250 polam Ol i aig, (V) JS

O 63 solazul (_g)jw (_QLQJ.:.CA 9 L:b:\.é.ly &muw

ol gz Jowe



AY s 5 (5 LoDl £,

S3Lwl3T 0,50 95 b dlutnd (5392 90 — b 310 42 )15, o ST (255

J a8 350 535 ge pie gy 5 Slkee IS sloas 3o
OV d ) 54,k )" ol ..&_'>‘3 30 OYgase L;ol_as &l

D9 g0 dpmlzes
TICY Z\/Z X Ay X hj X Dy

+Z hjt X Zy_q ) X /(Tj, +LTy) x V;
1

S laslil Jloy mieh G ) Sl Zl_aﬂ Qi o as
ol Sl S sl addgo ol as bul 5l el 1 Jloaxl U
Sgd o 00l LIS Z w4y ol il oa 48,8 Loy o

Golgsdon (0L Joo &1yl -Y-Y

) Syso & MDNDP (golgsing Jow (V1)) alal, sletul &

QD)

69..1.:‘50 dj‘)‘
I J L
MinZ = ZF X +THY D > (TC, +TCy )Yy +
i=1 j=1 I=1 (av)
J L J L
TH[ZZ,/ZhJ,A” \EJ{:ZWZJT” +LT, F]
j=1 1= j=1 1=1
S.TO
J
MY, =1 Vi=l.,1,vl=1..L AR
j=1
| L .
DD s Yy <C- Xy V=1, O
i=1 I=1
|
Zyi, Yy =D, Vi=1.,3,vl=1..,L 00)
|
Zaif.Yij, =V, Vj=1.,J,vI=1..,L 0%
X, .Y, {0}
v|= 1., 1,vj=1..,3,vI=1..,L av
D, .V, 20 vi=1..,J,vl=1..L A

Bl SO as aee o plas |y Jaw Bae 2 (VYY) o)le
005 Sliles 5 Gl sloaje Jold g ol (o> 58
g odd dbnl sla,lil & &> )57 51 &5 g Joor sloas o Ll
SIS sl so g (238 lhw sloan ja (b i & e
D9 o )bl )5 (el 0SS g (639290

5, JQMH‘GM)QJMGA AL (VYY) goles
S e il s L

T Multi-product Distribution Network Design Problem

Sl ($352 e Cpdge Slas 0 5 090 00 ABLEI (535290
9 =5k 55 de D LW (el 45 905 (el SlAsS
Ole; S jo Lolay as sls vales 7,055 Sboy L ol b
Sl bl sl G397 90 Samdee Sl I Ty + LT

S dalys a5 dlaly @b 5l G092 g0 CunBae ST

ol 033 g Lol lawgie s 5 4SS 5 My )] jo &S
uls el aml j0 el LSl o | Jaae
le = M]l + SS]l = Mjl + Zl—aﬂ X O-Mjl )
Djp 5l b Jboy aa595 slils Lolis oS (55500
o2yl b Vbl
My, = (Tj + LT;) X Dy @

= (T]l + LT]'l) X Vit = omy,

M *)
= ,/(le"’Lle)Xle

9 bl 8255 polie (39 Laly) 5l ooliul b s )

25 gy Sl J oLl o ol 1oV (g352 g0 CumBse iSlas

0 ple> dwle

SSj = Z1-ap X | (Tj + LT;) x Vjy \
le = (T]l + LT]l) X Djl + Zl—aﬂ

W
x (T + LT) x Vi

Sygmo 50 el (Rjis 1ty Tji) g5 5! o 45 Ll )

Wb (Sl Jolgd 4o wazme (bl ahadi 4 o,
e sloa e S nl ol 0 pdy o plxl (5,105 0 law
(899290 S, 9 (o300l ladin s Jol) (539290
e oley axly 5o SV gz elod oyl 6l J i 55

:LCM\:‘
TIC; = —+ xz:hﬂx
l

+ Z h]l X SSik
1

3 o Galun 3T o ai 50 &b 51 (6 25 Gin L 1Y
g RS e 3 Sl i ooy Do o] ol

il oo G

)

(g lwoslw 5 (1) ddayl,y o 3e-8 dlal, 5, AT sl L



1Fee Glauali VY o Lo o 9 S JLw « u...ub [JECSSRCNPURYY JPN P TRe.A}

AY

H(i ihj,z‘/TJI +LT, \/vf.,-yj,vj,)+iia”

=1 j1=1 =111

S.TO
OH-ONH-O0M)-0DH-)
Sy oo a8l 51EY (ol o b sassolsl Jow J> g, aslsl jo
9 MDNDP ool aliuuns 1 Bloao 535 dudgi 1Y
Lol g )
) dw 4 5L colps 5l eolaxw! L MDNDP oo ol51 Jow

4 aalyS o 525 2 4 Jts alins

LR1¥
L
Min Z,., =TH ;( 2n,A, D, ~£-D,)
IENE
570
%)
ZDJI_ DT, vI=1,
D, >0, Vj=1.,J,vl=1
LR2*
L
MinZ,., =TH .21:( ZfT+LT, N, -7, v,)
]: =]
S.TO Yo)

J
=L.,L DV, <VT,
j=1

V, >0, Vj=1..J,vl=1..,L

=

Sl )_,|)f§[ wfo (5)31)'3].3 )|}S.s Slass LY ch).ak O».\.;)Lo.:a
Al aalg 0ols musgr dalal o S

LR3*
J
Min ZLRsk:ZFJXi‘I'TH'
Ak K K2k
Z Z Z(TC“ "t +TCijl Hy +ﬂj| AR 'an)'Ym
il j=1 12
S.TO
1L %)
ZZSI lull Y|j|SC X
i=l I=1
J =
Y,J,,x | € {0,1}

=1.,1,vj=1..,3,vlI=1.,L

(599790 s 43 bgyp0 a5 090 9 Jol alis 5 J> sl

oAl aas sblole poe gaeme (VF) Cosgusee
o o el Lo S s Ll T b b a4y Sgamae |, Lol
ol sl T a5 ab oo parads Ll 4 (6 i (9o
Jw.:l.: W)
o, Lol sLolss uily)lg g (puSSlee w5 a0 (VF 9 10) (g9l

To Sae sl o 0991 S 9,20 (VA 5 1Y) Coogue
e o Gl 1) by Lsl Guilly 5 uSile ogr 20l

MDNDP (gl (gokauiiny Jo so9; g yitd Y

B et G5yl ead Al (ol Joe sl 4 axgi b
ol Jilas Ll a5 LTl g Conl oo soe Lalie
1) i 55 olal 45 > gl oz olacs £33 5o
Wy (lio Jo o9y coliniay Joe U sl el LS
=t e iy S o9, @l (sl [Y0 5 VAT 09 0ol
&1y 658 sandserd lanl (bl n5 (bs; 5 HLSY (g5lesls]
o ally 90 [1] 0,505, aline 1) 00 5 o wil)f Lol Jas

g ce 4Ll o

ZJ: D, <DT, = Z,u,, vi=1..L 09)
1

2V ST, ZI: vi=1..L )
s .

Sl Lol aszies wily Lol Jow ¢l lecgsgame pl dix 2
5 (10) by, Lo a9y wanlss (65950 Lo hle 5 ol

W30S o (Sl s bls, b s (VF)

|
Zyi,-Yij,SDj, vj=1..,J,vl=1..,L @V

zall Ij| (YY)

VJ =1..,J,Vl=1

S Sl it s Bt it FISY copo aw 335 s o b

(YY) 5 (YY) (V) Glacosgame L;)’Lgol)"l L.l 9 j J polie
g dalgs @l LB 5 & g0 4 Lol Jowe 5l oo ol5T Jow

LR Problem:

J
Min Z , =Zijj+

j=1
|
TH Z

i=1

(TCJI:ulI +TC|JI:u|I +ﬂ]|lul| +7/JI j| al| ijl (YY‘)

\/2 jl'\/D>jI_ﬂjl'Djl)+

- 1M~
Ml— »'_LM_

H

Il
N

11
N



AD s 5 (5 LoDl £,

S3Lwl3T 0,50 95 b dlutnd (5392 90 — b 310 42 )15, o ST (255

50 Bae ml Jlade SoeS ki jlas cul Glola 4y by e
(35 3 ced ol &3,

U DN TRCEERY ot Yol SIVNSIER AT
Sl ol o yo liasl gl auails’

9 Cewlolss dLac)j c..\j)LaJa m aS m=1 a0 )|)§ ;\C]‘;L?
olass jo Lag yiine o w8 Jol> ol Lol slee 5

SEM Cosdse 0 ¥ a8 gumas, bl 5l g0 51:)-05
F) ;)5_..:‘_,’_4 ool )‘).9 Yijl =1 ol.iﬂ ‘dil -SI Sé] 9 Ml—l alsle
M=m+1 &je0 ol e jo

C,=C, —(d,-5)¢ ] Ll o ¥-008

m=m-+1 ¥-0p8

Lol gloo, 5 olaws b golune b jiS>eS m 51 :V-F6l8
gp V-0 el 4 C >0 5 sl

Lolas slao, 5 olaws b golue b 5S=e5 m 51 :V-Fpl8
jYijlz\ J_.:Jbo)‘)_é o.AJLau’jLu ‘51.&!:0;%:&‘5‘);‘ ‘Cj:' SML

S u}sy ol LSS Lgl.mc)f )" ).5)).: m ;‘ Y-F IAL?

L=l Ll il 6l aails slo (Ko dan g1y a9, (0!
dan a5 Slaj onl o (amass b Se ) 4 Lol g oad
Gl io ) (gilwaige alivwse o b ol acwlbxe Vj polas

LR3-2%(j)

Min i(lrj+vj)xj

S.TO o A
> Y s 30X,

x g

Al | ol a5 (5,l0he a0 yLid 358 Jow Bua &b
&8 S e el a4z b pl ses e Cud Sua &6
ol 5o Ll Sl & s jo a8 sl (bl adlol a4 f oS o
U o o 5 oS 09 e 4Ll o] 4 Wlolis arass b ol
VRSP VoW 5

sl Bl 1551 (30 G b ol o b plodl
aalys sl ol o sl ol o oSy e ol o 5l on

Sl Sl (45 0l 392y (el g Cool (o S

Ban 2l 00,5 o alaxde a5 aigSiles ol ool oolaiul [YO]
PTKISS 52 50 580 Ay 5o el (as yod alies 115 50 2
P [4.\1) ﬂgl o] )l .ilj |J9 VT N 7_{3(5‘,_:
Ao &I¥ )S)"° » 6‘)‘. ‘) ( 2hj|Aj| '1[Dj| _,Bﬁ : D“)
W.J_S‘S_AG)JJ-XI ol L DD a4y cwsyile o g
aen ol o as 09l o oSS ol lea LD pb a4y o yilo

ol ST nleioe e |y @355 55150 pled (515 DD s il

35 e o=l 4]y Jemame QT Lol gaomme il sain jlade

Sate ;5 0si o 7,0 D syl 10 5 00ld Lanass (xje

Eeis 3 m 3 Jyame cal Sl o Johe adly s j55is

poo aliee 125 sl gy red D9l 0 w85 Sl )0 Hlai s 50

Sgdse Jlosl 5o

WS sl Ll slass & alte 3 @ Lm;u 0 pow Joe

e gt 20l ya o il e (ST el s LB

5 Lol ol ansls G lade wilgs cod [l T L o e Lanass

adoS Al e SO A Joe ol il SOl e aSCl>

e 25 99 4 pow Al ) ulply Ded oo hrod iy

Ao pamass Joe Bas ol (0,5 ol b s 0l w2lg>
Al dleS dxge lroly> 9 o 0 el Jow ol el Jowe

LR3-1%()

Min V, =

iy k k 2k

Z Z (TCjI “Hi +TCijI “Hi +:le Hi T V505 — & )Yijl

i 11

S.TO ¥Y)
!

L
ZZSI <My Yy <G

i=1 1=1

Y, €01}, Vi=L..,l, vl=1..,L

cal s e L ol LS Sl alis ) Gan

S Lo 8,5 50 sy 5 Gl 4 ol B w5 50 5515Y

aS el glade b cenlise (Buao 10U jlade 09 co0 a5l 55

A o S Bon @b 4 ) | Jgame gl 10,5 Lol

Sl HeS L il slagty, (St dsS i cnl > 10

ogdlly )Ll o (gl 5 o, g,y Alie ol o el 00l
g o Sledey

[i] o )le—) (§893—0 iy Ay polie 40,5 5 e iV plS



1Fee Glauali VY o Lo o 9 S JLw « u...ub [JECSSRCNPURYY JPN P TRe.A}

Y4

J
ey al) ey e "_&ljao; MW‘ZYHI =1 J&Lm)l{.sl
=1

byl 51 .0gd 0 00ls 18 VEC jloy 10 g 00508 i e (g0520
oo |y ol T g yiie sLolis ailyz VEC aylo sl sile 3L
4 el Jpams 3l 550 (5 e Lol s gy pl | Joamme
o=l g 0 b et S0 50 paie Gl by e L
Sy Ngdse o) n VEC o5 50 am yols i 4 )50
s s fly ) S he (gLl wigty o5 olic 5l plaS
Sl S eyl Lo Ll ol 5l oS e azilir alie
Sl an Lolas ol ol&ST ol asislas 1) Lolas cpl a4y (o 935enly
Lol cpl glp B cud,b g ajo o 5eS a5 00l el

J
ol oT sl DY =0l Jpame 51 (sl ST(V-Y 4l
j=1

Slr BB il g anie (n eSS 0ad el Ll 4 L2
Vec B d.]of).o 4..{‘).) 9 ..\.sl;kso ua.ua.’x.: a..\...ul; abls ‘) Lolas u.:‘
Sdyb o )Ll ol 5l plaS g 51909, o0 )18 S s5bune
ol ol ST sl sl 1 Lol pl 4y osSienly gl SIS
ol Jgamme 5 ol (6 tte janass 51 a5 05 Ly (sloslly Ll
Clozr SO iyl a4 0gd Jols anie S LT nl

Sl anlgs Cawsay kol divcs (5l 4z g0

ssbaean 5 sl g0l lals SIS Gl jgadall (o il
sl 0 B yme [YE] ), Ka § (6w addllas ;o Llga d9up0

FSY culpd sl 39y 4 -Y-Y

wiad Jo ol KIS 8 13 @l oz Jilas o Sl oo &
Sl sl Lyis B+ @) Jols olS5 o pice nolie b
as o, el jo 0,5 55, 4 O(ar, B y) Sor o Sl
aS el ous oaliiwl (Ll 55 6 5lainge 5 559159,
2 $d9a0 Cgz o ML sMVEMDF ' Galss gla s yile
Wbyl ymy Dyt Al slajlyy sladilse 0,5 oo

gl s

! Violation-Matrix

Sl oYy iS50 el digy 358 Lol il azge Lol Jow

Dl B azge Ol 4 35250 Sl

kol Joo Gl p az g0 Olgs dwlxo -Y-Y

cllee aiz LY 3oyl 0, 5l ooliil b Jilue o o
g bl ly Lol

Sl 5 > 5 ol Jow j0 lacgogame (S gslwslyl -
LS Culye polie a4 oliws gl ) (920 a5 ool olowl

‘@5‘@6‘f@&w&mewb‘)im&&mf

Silmdioe Uhgy 65, au L) BV (oo 59l 59, -
(ks n5

5 Sl Sloz oS )] jolare @y alol> azge Slo Songe -
SOl g BISE rals

Sl st jloslitul b 5l SY culys polie 51 Sy j0 sl
&L Gl ol 9> G Sl 00l (el panasd g )il
09y 3l eolaiwl b e el ales s 4y Lol aliuis Bon
o ol a8 3518 ul i polie (Lol 5 ssleainge
Do dloe il S0 Aty e 4 5 oundSu e
5 3 s s & g Sy g3l 5V slusliT 3 S,
A g olaslS )y 0, Sus, 5l ookl [l so b aS WS oo (e
el sty (550 Slozx LY calrs 55559,
o Al 5l ol s an Ulg > o CcBs S b
slacasgame jl (B p Sl (5 Sen &5 285 xS Gl o
ONas (S Ded (Al (o ST asadd Jeld ol oadol;l
ol als arass 6L s 4 Lol slao 5 5l Sy can
G & Jyaze 5o sl Sl (Sen Ko (S s ZJ:YU-. =0

j=1
J
o=l = el ZYijI >2 = ol ey Ll S )
=1
D9 o0 Al Lzl 2ol gl 5 g, ( JSKie
Syge sLad o Jyame 0 sln 5 o slalols (Vpls
S Hep o F dn Jale g oad 0 Jpame )] LS
D

Az 1samme oud Jlasl oy bl balolis (Y8
Sl e

- J - = =
oL ‘ZYijl >2. | Jj_.am 9l g ‘511.3 )5‘ (\—Yr:lf
=1

el )Ll Jomame Ja5 g oo anze Joli) sz oo
den sl | (oo hlam 5o 5 (6l an e ol I (6 e



AY HSan g (5 Lo padle ¢ 3L l3T 9,509, b bt (5392 90 — (20550 42, LS Jobo S (3!

2 ezl L Ye o slas Slads slass pgo et jo .l oot
o331 552§ e 55V soleiy g, 5| ol ol i
51,8Y g, 5l s5b «Bam 2l )0 Sge Jawgio (el 0ad z )0
odd 730 dar (g 50 B I3 05 (g5ledingy Ghg) 4 Sons
Bl uSles ol 0als o l58 740 BLYIVO oo a5 ol

Jos= 0 ol o s alivs ;o glal L Ve o Sy
Sl 00l dewlore (YY) alal) 5 aS ool ool iuled

Upper bound — Lower bound

x100 YY)
Lower Bound

Duality Gap =

&.&‘M‘S‘fewwl?u 4> g0 u_)‘9.> u;w‘)!b»

a8l o9 6,0 sladyg, 5l olatwl L Y=Y iou o oS ol
3leads aded Bl y Bad Bl (52 gox 5 il 9> ol
5o oo ol slacgsga=e (_g)‘L..Job'—‘ L as el 51,3Y o,
Sade ol aus )F 53 A weSles sl 00l dlore V-V iy
Sl Gl e Ll aas o @3l Lol alics (gl SSbos
50 Baw Al digs lade el a0l 092 Qi 0092 4> g0
SHLS samolis o5l ol og S>gS g 04l 118 cogase
30 a8 Cenl Slaslrs slacly> 3YL CudS g o6 iy
S wlye Ll goleiing ) 5 Sl b
00 duwlone Al VAR aliice (0 58,5 sl yloj ol g atile

(_g.bl.er_w.‘.u 99 Ja_..;y 03— J_'> JEL...A )‘1 u—i‘ ‘_g|)_g
O ) ol SR S8 o iS5 e GILSY (g5l
Sl 0als ooy ylid (F) JKo 50 8l o YU ws>

Sl g 0392 008 lgael o Glwlre mlis b 5o 5
ol alizee Sl b Blae > 0 solpiian g, YL S
5| rten Sliolesl ploml L aS o,ls 0929 5 Sl ol ]
e @l 4o BL8Y leoll sladilye polie ks Gy )b

@S dmbre Gloy a5 was o Hlis (V) Jso @l (ow) 2
Sl an wah 4 (65 9 eoleiing i85 g, 90 2y
o ) Jodo coals &l Jow 5 az g b sl b SY gazs
Slewle S« guase olans ol381 b aS ol | oos oty 36
Wboe Gl Slles sloas o a4 by o

J

MS; =Y Yi -1 Vi=1..,1,VlI=1.,L )
j=1
|

MDj =) Yii.u -Dj, Vi=1..,3,VI=1.,.L
i=1
|

MV => Y08 -V Vi=1.,3,vI=1.,L Y
i=1

20,8 oo At ) Oyge 4 el K 1SS (sl 8 61l

k k 7_i
_ (z.-z,)
S MO v s

¥v)

el 45555 000l Camsdds ag0 Dlgm o igo Z_k ol o as
ol oK S5 50 00 o] alis (6l alols Ul 5 Z, 5
0 <y <2 Vgome a5 ol 8 a5l S ¥ opdla
ol i 1y ol e 02,80 sl e 0 lsies 5 il o0
Ol 53 el g b O e Fome 1SS Sl sl ST (G
93 ol S 5an b a5l a5 Y e

LT o)ly0 cny g (Fluwlonn gl g i -F

St l3T (e Jo ok 5951 S 31,1 V-
$1L,5Y

J= gy SIS alie 5 o)l jedaie an isu (0l yo
s S5l ey 5o Jae 3l ool mls b by, (nl eeoleiiany
alizes ol b aliis @ VY 31 jalaie oy ol 00l anglie
3o Solai ools ader il Bl jalaie 4y 4 Cowl ouds ool
L (Boloas JSb a asiges Vo o Blowo ol 51 S0 5o il
alies VYo goomme 0 oplply conl onds adgy alies glaosls
Jedz ;0 diiged Pl aiws 00jlg cpl [l .l sl J>
el oo ools Lz (V)
il ol 5l 5HISY Jo (e sibweslay ln
Al e dgei VY + 51 SO po .l oald oolazw] MATLAB
Cloz g geai ol aads VAL Sus o oad b
ol 00l oole Lzi (V) Jguo 10 Do ol 50 ool dewloe
i VA» b o 53l e 5 il oamline LB oS 455Slan
WY 5 Bl sl azge 5 9 dinte Slsz s 4 3390

a5 Jlaws sla 5 500 100) Joazr

o ylosis alicuo Sla

s Ob o Slows OY gao Slawi | 0l sla Lol olass oo oo i ol o 12 o e ol
\ f. Y AN~ g

Y f- g Y. §.

Y f- o Yoy Voo

\l b Y AN 7




1Fee Glauali VY o Lo o 9 S JLw « u...nb 0 ki) Gy ko > code 4 i

AA

N - Y \O YY#O q-
4 [\ A \O YV#O VO
\ Yo Y Y. Yev- A
A Yo Y Y. fov- VY-
B Yo A Y. Yoy AR
\e Voo Y Y. £.7. Ae
ARl Voo Y Y. Feye. VY-
VY Voo A Y. AR AR
i J gy il glbme gl 1) Jyur
. 30 gt wgio buwgio (1) S g0 SIS
Clg a5 Flado oloay J= olos
oo | . D9y A b 5les Ll - J> obes
5] & ol 31,5V j . pew g
Albas 4o Y | b | basie |y o | sy
Gl 0099y _ (asl)
(1)) 9%l () Ll
\ 4 YIYO AVIY < /¥ e Vo0 ¥ Yy
Y \ Y/AQ AQ/A <IN 104 AWAA] £y
Y Y AWINN -/ <10 < IVY Y, FYY oy
s A Y/va AAIY < [OY /A V,AYY A
N A YAt /¥ < /0N < IYY Y,AA- 44
i a VRN AOIY <18\ «|AY \A ya
\ \- fIfY AV ids < IAY 900 \As
A \- 70 Ny AAd +/AQ AN AY
B - - AOIY VYA \IYY - VYO
\- \- /6N AAIA « AN V¥ Y, \Y \R¥4
AR - - AO/- A A - VY
\'Y - - /- \IY# \IVY - AR
oSl - - AAIY DAAl </a¥ - AA
w 10°
4 T T T T T T
N
3k _
—:J¢
O
g 251 _
9
1. _
15 1 1 1 1 1 1 1
0 10 20 30 an 50 B0 70 80
Iteration
NP

T L R
Slas aes o ol (V) Jooz mmls cul ool anslin !
gl 0 ol oi)s S U loj yo ele g0y il s
as Ls.cs.«os.n R J“““"J uys.«m )-*-*-’J ).)‘ Lol 05gs )L)Lu.c A/
Wb &s ST )il 5 (695250 Slapeeal giluaz LSy 5o
s b i 55Ty il a8y 5 L i
50 cyogms Lol (1Y) bl 1o 2 joke Lol alie an s

Lo o SSes wg, (F) S

Y S o ol ol i s S
351 (V) g9z ledlol & g5 b sl o pus 2 SV gurona
Elyai g e 0t o0l la_ialej] >yb Lole (slag b
slacss Jole plp 0 Ve 5 VO s g0 50 ol i olaws Jole



AQ HSan g (5 Lo padle ¢ 3L l3T 9,509, b bt (5392 90 — (20550 42, LS Jobo S (3!

gl e g3 y9iS pulpe o 1) DY game o5 g Sl
(g 2002 JUI Jolds 55 &8558 (958 9 @je8 slaJUS
Olyiie g5 4S5 Sl 02255 (SLaolling 3 5 (oBg)8 odee
3l =g 00, JUL (g5lulas Jds o lail, o8, 5
b9y Dsbi any ol e Aoz (] 5l a5 005 g5 53 (g
5 3905 o)l JUIS 58 ol 35 gajof o Lilata 5 395
2 o0 el 5 y9 59 9 A (o098 02,5 JUB 5 (58
310,58 il s bl Lagae (gloyamiy JUIS 5o aSl>
b b » (S g n Byt 5 el Jos S ot
ST cond (F) Jooor 5500 &5 55 )3 @je5 aSd
9 &8 PSSl b om0 (s ) LalE parass 5 aulS
oals ylis (B) JSi 50 oas &3l Jaw Lwlwl p golgrinn iz

ol 00
e OlG g badl (5 p-Y-F

el 53,8 551 ol s ol (e ol 2
6oL S e olpiiny i lie ;o ol C)Ja.a 89y90
05,5 o 3l

oy slasS -5 5o (upae (055 S el -
7S 0 9525 45 Canl (3l 2 58 b pan 05 VIS Logae
O dmeds oged anlss ST (39,8 Sgu 4 b 2 )0 g5
3 ABUE pae 5 OS50 gy slag e i S yed Lam
Eg—290 Ol Sy o0 S 4wz 52 SV Wge 4y (el 3590
20LS Lol il a3 50905 b 5 1 g cylejls e 5l
sloaije gl e bl ele (oL g o)Ll slass
4o g o gjei ST (Sl Slides i g o)l b Gl
alge sloml Cuz wd walst e 4SS Slasogrse alS
YLS 2585 9 ol (53,200 conl p3Y calizes (soolSaus (s
ol A azgi L o, SO 5 me8 e olgn B assly sl
g S i (ool 520 4 oL

@oloiing g ab 2555 STy Slasein (F) Joua

Lo B s bl 39 90 wals’
1) 1)
’ Jl’:;jw ool dleaol | oleel
Obwie> Slgal Slgal Slgal
Oike - gl l’j ’:‘: el el
(6]
OB 5050 ool o by by
- - Ay Ay
@ 5 b ol S i 38
O —p8 5kl | s |
S35 om0l — 938 o o o
ole)S -5 v Ol
Ol

= GalS an b e panasd s ol g g mes
A dalg> e blisle s

o080 o olej 0 SV game g ()b e Slaws 230 Judos () Jguer

a0 MS F-Value P-Value
& o YoAYIPY FY/FY o[-YY
Jgpaxo YY\Y/PY FE/TN -[-YY
s YY/SY

olws 4 (blisl o033 bls)l 4 az g b b lgieay
Sy am alfla Ll g0 ol Lol plesl o(uilylg) Lolis

2 e lolds uib)ly Grals 4 e (Jyame 2 sl Ll
L dalss g daly) bl

SS11 = Zaayy XN (Tyy + LTy)) X Vg o)
8§81 =21-q, X V(T + LTy;) X Vyy ¥e)
SS2)

(%)
= Z1-an X J (Ta2n + LTa2y) X Vi

VVazr S Vit Vy V)

&y S plesl Dyge o (bliml 0p3d g W
el salys uals

SSc12y1 <SSy + Sy (¥A)

o9 Slkas 5 Gl sloanjo L 5laiz sa ol
Lol el 40 4y (9980 (ol 07053 o2 (alS 35 5 oLl
Sygme o aS 00l Bl 5l ases 3SThe (690 A yaie Jos )0
Ol 4o gy s GRalS g coslio ($3 540l 0 pae
SYgazs (b (3l g (g8 e el el Ceul (Ses
Sz dm it sl e osd ()l ie bawgi LS, L lejle
Ll 0alds &Sl)) paar cpl jo sl

0392 50 Jlad &I b ST po Joo gy -V-F
d)..o.o KVt 6LbYl5

Ay Jlad a8 b SO isn ol 50 addlas 090 &S5 0
a8 aib o Hlels B pas 0 Gla¥IS oy g g
iz g &S ol Gledlbl wlul asdlas () o ool &Sl Jow
'Y 9 "jj—f VY ‘05}_?).3‘)' OA ;,Jb JO 9 09g2 89“ u.a.ALJ 0)4..70)
Q] Cyeali 0 iy [EONERCOW 0338 )5 (il Jguazes olgils>
A (G p3le) g adgl dlge 00ilS el (g0l Slasy Jolis
&394 WY g (535 e )l G (Gl Jgame oyl A58



1Fee Glauali VY o Lo o 9 S JLw « u,wl.. 0 ki) Gy ko > code 4 i

q.

ool an el wyiwd Jolis o s lis S ules &)
Slod S CodS S Hokate 4 Lol ST 4y SGoj ¢ bls )|
e Sy 3 VS 2595 5 5o 5 sleilaia g 3 ypel sz
a8 358 prie eVl Slaaze J1alS 4 Wl e o S8l
20,5 blod ol e allasdle o wilgs o0

Joe aloz 5 4z LSS (slo Jow (g5lwosly a5 cunl ooy -
5 3y |l Sledlbl als aiejls dacS 18 s (asdlae oy
SBudga5e g Canad HLiS 10 0595 slal )0 logas a5 ol
= = adlae il (6850 aslllas (o 0 les o oLl |
Oiols .y 3529 (699250 (slBALjR ezt H0 rCodgae
So3lemzr 8520 Cgzr JalS 4t 5 canslie Sledbl s
clio Lo g aze Bro 4 Wl JlsS3 5 6505, oD
RV IR TP Y
GINEO 9 (5 S Ama -0
059> calizee YL do sy bl o dallas 0] o
4 )b oo S el 0y ke Sy 9 S5yl
Sl e soe bl s a8 Sb; s yaly
A Sl (el S 0 ) 50 e S b
=t gl L byt Jarasd g L E ) (lapre—a
2 8050 S5 9 (208 e Clow i g (el
o azgbygad S 18 sl ;553 Jae 5o &je S5
&3llil gy (e o szl ST e Sz
Sl s S sl 0Ll s ilae 9 5515Y
($3asie ignd e ol S g, i el
o sl e (s 5lmoslay ame a3 S oo
3° o—ilin 0 ) Slae (6l)ls joS3 s gz Lo a5 a2
Obey 5 SLSgs SIS (a3t LLad L gl uly (234
w5295 o ol b agie &S glar el a3 S
Silamaty -8l a Sl o 005 4 AN goloiiny
30 dzgo Olg> alsllan jol8 a gl ali e dw glm 9 )

Sl g By el cowl oogd aa B VAL ol G
sebzs TAVY el cp san jo calicre fils gl m 3
TANY o Lo Lol Jh sl co o o wgie .l 00

o eSS B () ez 00 S Ao
GlaVl§ oj5 > y0 Jlad o8, & S aledbl 5l > LS,

ul_ia‘ 03—»d ul_m; @l_..a ol 00 ool J)_a.m.\...a
aS Cewl aaie8 35 e VY a4 VY 5l ies 55T e olaws ralS
= Sl s e 3S1he plesl Sl s a4 L
53 a8 Ssaelin Sgte adex I (o pas il

! Master Data

Ol Slaaly Ol Ol
— | ok
- - -—- sl
i - C..X......a C..X......a
-— - -— Obows
9 A{Mi — ey ’)")‘:*:' | g |
Ol Dl Sy
M.>| re
- o | s
- -— olisle,S olisle,S
b edil
3365k - o eds o 55 55
Ohde =g c e O 8]
oS
NNER R Ky Sy Sy Sy
oty - et ol
. s [ e
E92)
-0t ) - pbews S - loes
Oldes — Oldes
ol -olisle 57
L Loj
s SR . Sy Sy
Olmind,

Olrl 4sd g soloiing qoje8 4 () S

Vsono 10 15 (3 8 050 5l pidin Dglis &y s -
Copodee Siiwd 2568 9 (898 alide JUB izl
3 IS (6 S 9 @lye o Logass daJUIS (ol (oot (5957 90
3 Ses JUB an JUB 5 Lol Slnl> 5 (oot 5l ol 5
Lo JUL o Jolss U conl au395 Co o Slegdgn oy yiago
00,5 laas

236 Ll o o858 a5 Slaglial 5 oy sLolis pmels -
53,5 o J351y fyman sloplil & (FJ502) Sl i 5 5o
dge 3l b Ll slml slse 51 (g5 oo aSids cnl Cupaoe po
Dged oalazuwl

e 5o JeBo sl as Ll 5 Laddlge g9 4y azgi by -

Lo 8 )3 e ol eamjsf 35 0 Sloml S wals bli
O3 Oygod |y b el a5 cunl leadlygins iils aiesls



Q) s 5 (5 LoDl £,

S3Lwl3T 0,50 95 b dlutnd (5392 90 — b 310 42 )15, o ST (255

[12] S. M. Mousavi, P. M. Pardalos, S. T. Akhavan Niaki, A.
Fiigenschuh, and M. Fathi, “Solving a continuous periodic
review inventory-location allocation problem in vendor-buyer
supply chain under uncertainty,” Comput. Ind. Eng., vol. 128,
pp. 541-552, 2019.

[13] Z. Dai, F. Aglan, F. X. Zheng, and K. Gao, “A location-
inventory supply chain network model using two heuristic
algorithms for perishable products with fuzzy constraints,”
Comput. Ind. Eng., vol. 119, pp. 338-352, 2018.

[14] F. J. Tapia-Ubeda, P. A. Miranda, and M. Macchi, “A
Generalized Benders Decomposition based algorithm for an
inventory location problem with stochastic inventory
capacity constraints,” Eur. J. Oper. Res., vol. 267, no. 3,
pp. 806-817, 2018.

[15] F. Rayat, M. M. Musavi, and A. Bozorgi-Amiri,
“Bi-objective reliable location-inventory-routing problem
with partial backordering under disruption risks: A modified
AMOSA  approach,” Appl. Soft Comput., vol. 59,
pp. 622-643, 2017.

[16] A. Hiassat, A. Diabat, and I. Rahwan, “A genetic algorithm
approach for location-inventory-routing problem with
perishable products,” J. Manuf. Syst., vol. 42, pp.93-103,
2017.

[17] N. A. Pujaria, T. S. Hale, and F. Hag, “A continuous
approximation  procedure for determining inventory
distribution schemas within supply chains,”
Eur. J. Oper. Res., vol. 186, no. 1, pp. 405-422,
2008.

[18] P. A. Miranda, and R. A. Garrido, “Valid inequalities for
Lagrangian relaxation in an inventory location problem with
stochastic capacity,” Transp. Res. E: Logist. Transp. Rev.,
vol. 44, no. 1, pp. 47-65, 2008.

[19] P. A. Miranda, R. A. Garrido, “Incorporating inventory
control decisions into a strategic distribution network design
model with stochastic demand,” Transp. Res. E: Logist.
Transp. Rev., vol. 40, no. 3, pp. 183-207, 2004.

[20] M.S. Puga, and J-S., Tancrez, “A heuristic algorithm for
solving large location—inventory problems with demand
uncertainty,” Eur. J. Oper. Res., vol. 259, no. 2, pp. 413-423,
2017.

[21] A. Kumar Saha, A., Paul, A. Azeem and S. Kumar Paul,
“Mitigating partial-disruption risk: A joint facility location
and inventory model considering customers’ preferences and
the role of substitute products and backorder offers,”
Comput. Oper. Res., vol. 117, p. 104884, 2020.

[22] H. Farughi, and M. Ashrafi Fashi, “The multi-echelon supply
chain network design subject to multiple reliable strategies in
distribution centers level,” J. Ind. Eng. Res. Prod. Syst., vol.
5, no. 10, pp. 53-67, 2017 (in Persian).

[23] D. Saffari, A. aghaie, E. roghanian, “Multi-layer location-
allocation model within queuing networks framework,” J. Ind.
Eng. Res. Prod. Syst., vol. 6, no. 12, pp. 49-61, 2018.
(in Persian).

[24] S. Chandra, M. Sarkhel, and A.K. Vatsa, “Capacitated facility
location-allocation problem for wastewater treatment in an
industrial cluster,” Comput. Oper. Res., p. 105338, 2021.

[25] G. R. Nasiri, R. Zolfaghari, and H. Davoudpour, “An
integrated supply chain production—distribution planning with
stochastic demands,” Comput. Ind. Eng., vol. 77, pp. 35-45,
2014.

[26] G. R. Nasiri, H. Davoudpour, and B. Karimi, “The impact of
integrated analysis on supply chain management: a
coordinated approach for inventory control policy,”
Int. J. Supply Chain Manag., vol. 15, no. 4, pp. 277-289,
2010.

UL P PSS VRN | E0-SIN-E WA K [ U
S0y mdlyg gl ajali woa S 5, Kool s)8
Az g S o slarlo) jo bl pa e ol o led

Sz e e e (A BB sl g0
De—ba 8,5 LA )3 (69— ge —par—adS - il
A e a5 Lol o o Bl (e
e I N G ]

9 u’_aln ;.JLR.JL?U CJ;&:)‘ 6)‘0)——5")—9&)0 .‘a.a..:)_A

&\ po 5

[1] M. Najjartabar-Bisheh, G.R. Nasiri, and H. Davoudpour,
“Multi Echelon Supply Chain Model with A New Rationing
Policy,” Proceedings of the 2019 IISE Conference, Orlando,
Florida, USA, pp. 18-21, 2019.

[2] G. R. Nasiri, N. Ghaffari, and H. Davoudpour,
“Location-inventory and shipment decisions in an integrated
distribution system: an efficient heuristic solution,”
Eur. J. Ind. Eng., vol. 9, no. 5, pp. 613-637, 2015.

[3] G. R. Nasiri and F. Jolaie, “Supply Chain Network Design in
Uncertain Environment: A review and classification of related
models, "Optimization Techniques for Problem Solving in
Uncertainty”, first edition, book series in IGI Global
publisher, 2018.

[4] E. Ahmadzadeh, and B. Vahdani, “A location-inventory-
pricing model in a closed loop supply chain network with
correlated demands and shortages under a periodic review
system,” Comput. Chem. Eng., vol. 101, pp. 148-166, 2017.

[5] O. Kaya and B. Urek, “A mixed integer nonlinear
programming model and heuristic solutions for location,
inventory and pricing decisions in a closed loop supply
chain,” Comput. Oper. Res., vol. 65, pp. 93-103, 2016.

[6] I. Correia, and T. Melo, “A multi-period facility location
problem with modular capacity adjustments and flexible
demand fulfillment,” Comput. Ind. Eng., vol. 110, pp. 307-
321, 2017.

[7] M. S. Puga, and J. S. Tancrez, “A heuristic algorithm for
solving large location—inventory problems with demand
uncertainty,” Eur. J. Oper. Res., vol. 259, no. 2, pp. 413-423,
2017.

[8] M. Seifbarghy and S. Malekpour Kolbadinejhad,
“Development of a closed loop supply chain network
considering environmental factors and location-inventory
decisions under uncertainty,” Iran. J. Supply Chain Manag.,
vol. 22, no. 67, pp. 4-22, 2020 (in Persian).

[9] M. Biuki, A. Kazemi, and A. Alinezhad, “An integrated
location-routing-inventory model for sustainable design of a
perishable products supply chain network,” J. Clean. Prod.,
vol. 260, p. 120842, 2020.

[10] H. Golpira, “Optimal integration of the facility location
problem into the multi-project multi-supplier multi-resource
Construction Supply Chain network design under the vendor
managed inventory strategy,” Expert Syst. Appl., vol. 139,
p. 112841, 2020.

[11] Y. Liu, E. Dehghani, M.S. Jabalameli, A. Diabat, and C-C.
Lu, “A coordinated location-inventory problem with supply
disruptions: A two-phase queuing theory—optimization model
approach,” Comput. Ind. Eng., vol. 142, p. 106326, 2020.


https://www.sciencedirect.com/science/article/pii/S0957417419305433
https://www.sciencedirect.com/science/article/pii/S0957417419305433
https://www.sciencedirect.com/science/article/pii/S0957417419305433
https://www.sciencedirect.com/science/article/pii/S0957417419305433
https://www.sciencedirect.com/science/article/pii/S0360835220300607
https://www.sciencedirect.com/science/article/pii/S0360835220300607
https://www.sciencedirect.com/science/article/pii/S0360835220300607
https://www.sciencedirect.com/science/article/pii/S0360835218306740
https://www.sciencedirect.com/science/article/pii/S0360835218306740
https://www.sciencedirect.com/science/article/pii/S0360835218306740
https://www.sciencedirect.com/science/article/pii/S0360835218301438
https://www.sciencedirect.com/science/article/pii/S0360835218301438
https://www.sciencedirect.com/science/article/pii/S0360835218301438
https://www.sciencedirect.com/science/article/pii/S0377221717311359
https://www.sciencedirect.com/science/article/pii/S0377221717311359
https://www.sciencedirect.com/science/article/pii/S0377221717311359
https://www.sciencedirect.com/science/article/pii/S0377221717311359
https://www.sciencedirect.com/science/article/pii/S1568494617303794
https://www.sciencedirect.com/science/article/pii/S1568494617303794
https://www.sciencedirect.com/science/article/pii/S1568494617303794
https://www.sciencedirect.com/science/article/pii/S0278612516300693
https://www.sciencedirect.com/science/article/pii/S0278612516300693
https://www.sciencedirect.com/science/article/pii/S0278612516300693
https://www.sciencedirect.com/science/article/abs/pii/S0377221707001774#!
https://www.sciencedirect.com/science/article/abs/pii/S0377221707001774#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054820300010#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054820300010#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054820300010#!
https://www.sciencedirect.com/science/article/abs/pii/S0305054820300010#!

Journal of Supply Chain Management
6 Vol. 71, No. 23, 2021

Evaluation of an Integrated Facility Location-Inventory Model Using
Lagrangian Relaxation Approach with a FMCG Case Study

Gh. Nasiri’, A. Namazi Tejragh, H. Davoudpour
* Industrial Engineering Department- Engineering Faculty- Alzahra University, Iran.
(Received: 03/08/2021; Accepted: 28/11/2021)

Abstract

Supply chain management and distribution network design have attracted the attention of many researchers
during recent years. This paper addresses a multi-product system of location problem in distribution network
that incorporates inventory decisions for each product into capacitated facility location models. In the
development of the mathematical model, the data of real case study of fast moving consumer goods company is
used. Due to difficulty of obtaining the optimal solution in real-scaled problems, a heuristic solution approach
based on Lagrangian relaxation algorithm and sub-gradient method is presented. The proposed solution method
is compared with the optimization software on randomly generated test problems with different size.
Computational results show that the performance of proposed solution algorithm is very promising in terms of
various indexes including 88.3% of DCs capacity, duality gap average and the worst case 0.71% and 1.77%
respectively. The results of considered case study also proposed to reduce the number of distribution centers
from 17 to 12 centers. Finally, some managerial insights are mentioned.
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