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Zj Zm(vjm.u) qTjm + Zm Zi(vmi pu+ mcm)qsmi

YV = d Vi

YmQun =Y * fi V!

Yibjk =21y Vk
(1-7)X:i2chije = Xmqljm Vi
15 2 i Xe hije = X bjie Vj
YmqSmi tcv; =X Y hije Vi
Zi qSmi = Zj qTim + Zl Qim
Z]- hije < YCXPXPC Vie
YV <CZyZy,  Vk
>iqSmi < CW,,W,, ¥Ym
Yi2ehije <CY; Vj
YeXeXxit = Vi
x7€, z, wne {0,1}

cVi, hije, bjk, Yier» Qim,ATjm » 4Smi = 0
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2 qSmis = Zj qTjms + X1 Qs Ym,s (Yo)
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2 Smis < CWp,W,, Vm,s (YA) alay,
Yiehijes <CY; Vj,s (¥a) dlay,
YeXeXi® = Vi (£+) by,
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CVis » Rijes) Djks) Yiis) Qims, ATjms » QSmis» 015, 025, O35 = 0 (YY) sl
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@l Jdooga 26 5 clilejl Sk (o
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32 Yl 4o b Blize I3 5 oS oS (558 51 s ssms Yl slasiye b Blite I 85855 sy 55508
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(Atashgar, 2019)> " eslatul (b 450 b Jlite <l g Lol @l il 4 bgrye cleMbl
(Gen & Cheng, 1997 :Wang & Hsu,2010) sssal,l s, Jse o3¢ NP-hard asg b 5o )b
2 dudl a8 e by il caday Haisyee Jae o les cJelss 100 9 b K6 cas 10 blE slaay yad adlsl
CssS Vgane 45 ol 0asialdly) 6 LSl b 5 2Ll clipis oS 5l ool wile o o]y 5190 ol (sl Sl
:Ramkumarb & Subramaniana, 2013) b e s8> J> slabg, 5l 5ol sdsasl) slaclss

KO & Evans 2007, Bozorgi, Mahmoodian, Fahimnia, Saffari, 2015, Lee & Dong, 2008,
(Wang & Hsu, 2010, Gen & Cheng, 1997

5 Slse sl ilodre a8 (ool SeS St ol U 4 Wlgie (oS Slilojl 2k 1 edlid
Wy A polis wile Juo oyl slayiolyb 5l (oolaws canl 48,53 oxlitwlyyge (odaxio (sladllia ;> a5 (1995) e
Som gl A sl & obewsd ) gl polie cuslio QBRI > (pmed 4 398 0 (s 085 S prenal g
wd Sl 1y jel)l ol Zokew wwlislejl shb I edlaiwl b 4 cwl dasys Guss cpl abl o cuedl Pl
a8 plie Sl Jogad 3 0k el 4 e alS > el 1 Sopm 3l (08 paseie b S (b
1> a5 F5 e ale wimd 8 il cow |, aytally cl sl (Ses 45 o cglaytol )l ) (golins bk I Adinles
39 2)lse 4 s b loadand S )15 Allie (pl (eoloiiy Jio )3 B Joo slaaty o jlade 5 cuiS 25 ke daals)
Joo auja (ol 5 VL) SV game cuiS g5 (omb 5 YU) LAl 53 055 £5) conl 018 uSis ¥ Lale g5k S
25 08580 b oS (ol 5 YU) Jde (o9 (S0 der e (0wl g Yb) a0 6yl <oy (ol 9 YU)
@2by ilodse 5 Slilajl (b ) odlizl il 5 Sl (Y) S5 20,5 121 ¥ 7 2l 3o ol 5 Vb (slaasye
3Y9d g oyl el 0,55 0500 53 sdplonl Gldlae bl p oo )3 oadoslizul (slaodls a3 o il |y ais )
oyled Jgi> 5o bl 5l (claods oS ol sasgl el ( Vahdani et al, 2012., Grobler & Minnitt.1997)
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Y€4 Sliglejl (2l S oolitl b e g gloarg) el 055 &Sub iy (2l sl gl (2b) Jae &)
( Grobler &. Minnitt 1997., vahdani et al., 2012, )alis ,> oxioslizl slaodls :(¥) o,les Joio

sl ol 485 )la5 )3 oy bl ok 485 Jai )3 o3l

Fx}! Uniform (330000-960000) pci® Uniform (90-120)
FXx}? Uniform (300000-900000) jcj Uniform (25-35)
FXx? a* FX}! kcy Uniform (2-5)

FX?? a * FX}? me,, Uniform (2-5)

a Uniform (.5-.7) cx}e Uniform (1500-3000)
Ik Uniform (5000-10000) 6 ACX1®

Om Uniform (1000-5000) CY; Uniform(1500-3000)
pci¢ Uniform (60-90) CZy Uniform (800-1800)

Wy, Uniform (800-1800)
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Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 10 2.44419E+12 2.44419E+11 6549.08 0.000
Linear 5 2.43189E+12 4.86379E+11 13032.28 0.000

A 1 1.87942E+12 1.87942E+12 50358.06 0.000

B 1 238573603 238573603 6.39 0.053

C 1 19407361497 19407361497 520.01 0.000

D 1 9900333 9900333 0.27 0.628

E 1 5.32820E+11 5.32820E+11 14276.65 0.000
2-Way Interactions 5 12294336698 2458867340 65.88 0.000
A*D 1 8905339 8905339 0.24 0.646

A*E 1 12104113910 12104113910 324.32 0.000

B*C 1 41988119 41988119 1.13 0.337

B*D 1 129854754 129854754 3.48 0.121
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D*E 1 9474576 9474576 0.25 0.636
Error 5 186605506 37321101
Total 15 2.44438E+12

Model Summary

S R-sg R-sg(adj) R-sg(pred)
6109.10 99.99% 99.98% 99.92%
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Abstract
Increasing attention to the closed-loop supply chain and considering forward /reverse logistics has led
to the presentation of various mathematical models in this field. This paper first presents a robust
model for a supply chain network with forward /reverse flow approach, and then uses the experiment
design method to determine the effect of each of the robust modeling parameters and the parameters of
cost, production rate, return of products in the top and bottom level. this paper presents a new robust
optimized model for the supply chain network.design The use of robust mathematical design and
experimental modeling at the same time, which is done for the first time in this paper, has caused: 1)
to increase the speed of achieving optimal answers, 2) to help the decision maker in the appropriate
choice of model parameters in a structured way. The report and the presented results, according to the
information of iron and steel industry, show the efficiency of using experimental design in order to
reduce the time of solving the mathematical model and providing guidelines to the decision maker in
the strategic area of supply chain.
Keywords: supply chain network design, Design of Experime, Fractional design of experiment, robust
optimization.



