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Abstract—Recently studies in area of supply chain network Although our model formulation somehow is closethie

(SCN) have focused on the disruption issues imidigfon systems.
Also this paper extends the previous literatur@inyiding a new bi-
objective model for cost minimization of designiaghree echelon
SCN across normal and failure scenarios with camsid multi

capacity option for manufacturers and distributtenters. Moreover,
in order to solve the problem by means of LINGOtwafe, novel
model will be reformulated through a branch of LRtNt method
called Min-Max approach.
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|. INTRODUCTION

HIS paper seeks to optimize designing a distrilsutio

network in terms of locating a number of facilitiaad

Snyder’s paper concept & Shen’s scenario basedappbut
in terms of applying DCs reliability issue in a eapated
problem is different. According to former papersan un-
capacitated problem when a DCs isn't operable custe
which were assigned to it, are planned to be diéatéo their
nearest open and operable facilities. But for susftuation in
our model, mentioned customers can't be surly assido the
nearest facilities because of capacity constraBu. this
problem is more challenging.

However, solving such a bi-objective model with a
commercial software involves a strategy for refoating the
correspond model to a single objective one. Assaltén this
paper a branch of LP-Metric model called Min-Maypagach
will be adopted.

The rest of this study in order to cover the foliogy

adjusting a distribution pattern among manufactirergiscussion is designed as follows. In section 2 pihblem

distribution centers (DCs) and customers by engepirobable
expected failure cost of DCs into the extendeddixdarge
location model. In fact extended fixed charge lmzaimodel
which was presented by Amiri (2006) is a basisdiar model
[1]. He has changed Pirkul (1998) study by allowingltiple
capacities for both suppliers and distribution eenf2].

Furthermore, in order to capture echelons uncéytain

second objective function is inserted to Amiri’s deb
according to the concept presented by Snyder (2[B)}5He
considers a special circumstance in an Un-capaditahcility
Location Problem (UFLP) that some facilities mayféiéed to
service customer demands (due to poor weathen; ttions,
sabotage, changes of ownership, or other factomsl) lay
taking into the account this probability, tries design a
distribution pattern which minimizes excessive ciosurred
by DCs failure and supply cost concurrently. Sh2610)
addresses, a closely issue to latter study, twderdift
approaches for modeling DCs side uncertainty: $genario
based one, specifying some possible subset of perational
facilities and 2) an individual and independent |ufa
probability inherent in each facility [4].
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structure (Assumptions, Notations and Model) iscdbed
then in section 3 the reformulation of model inmesrof Min-
Max approach is accomplished. Consequently, section
provides LINGO result of the output model of penso
section. Finally, conclusions and recommendati@nsfiture
studies will be explored in section 5.

Il. PROBLEM STRUCTURE

In this section besides addressing assumptions thed
nomenclature, model formulation is presented.

A. Notation

The notations given in nomenclature are requiredtiie
purpose of this paper.
1. Indices
I: index set of customers
J: index set of distributor centers
K: index set of suppliers
S: index set of all possible states of distribwnters working
and failure except for states of all DCs failureoate. In fact
it totally includes¥,_;(/) number of possible states (suppose
at s=1 all DCs work properly).
F;: Index set of failed DC at state s which is conefst(F;)
elements
F;: Complement set df, which is consist of(F,) elements
R: index set of capacity levels for potential dimitor centers
H: index set of capacity levels for potential sugrs

Parameters

a;: Customer demand of zone i
bj: Capacity of DC j at capacity level r
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q: Failing probability of each proper DC
ps. Probability of each state occurrence which is atqu
tog"") (1 — q)"%), but according to the 4th problem
assumption in s=1p, = 1.
F": Fixed cost of opening DC j at capacity level r
G Fixed cost of opening plant k at capacity level h
el: Capacity of plant k at capacity level h
Cy;j: Unit cost of transporting commodities from DCg t
customer zone i
Cyj: Unit cost of transporting commodities from pldnto
DCj
C5: Shortage cost (lost-Sales cost)
fi: Optimal value of T objective function when thé2one is
ignored
5+ Optimal value of % objective function when the'bne is
ignored
v1: Constant weighting factor of'bbjective function
¥,: Constant weighting factor of%objective function
3. Decision Variables
Xi: Percent amount of satisfying customer zone i dhefizy
DC j at state s
Y;’: Percent amount of supplying DC j by plant k atesta
and capacity level r

T

{1 if a DC at capacity level r is opened in location j

. 0 otherwise
k

_ {1 if aplant at capacity level h is opened in location k
0 otherwise

<

B. Assumption
* The input parameters are deterministic.
» DCs have uniform failure probabilities.
* Multiple capacities are allowed for plants & DCs.

e All DCs work properly at the beginning of running
model.

C.Model Formulation

Minf1= Yie; Xjes CrijaiXij + Xrer Xjes Zkex Cojich] Vit +
Yiej Lrer F/ U] + Xkex Xnen GV (€Y

Min f, = Z ps(z Z Crja X + Z Z Z Cojich] Vi@

se(S#1) i€l jeJ TER jE€J kEK
FGO aQ X5 =Y XN @
el jeJ el
Subject to:

Z}-e]Xilj=1 vViel 3)
YigXi =<1 Viel&se(S+1) 4)
Yier 4iXj} < Ypex 2rerbj Vi Vi EJ&SES 5)
Yuek VS SUl VjE/rER&SES 6)
Ykek Lrer b ViK' < Xnen efvi VkEK&SES @)
S,eUf <1 Vi) )
ShenVi <1 Vkek 9
X520 Viel&j€EJ&sES (10)

Ure(01) VjeJ&reR (11)
Y20 Vje/&keK&reR (12)
VrPe(01) VvkeK&heH (13)

Objective function (1) minimizes required total tasf
servicing demand zones while ignoring the probigbdf DCs
failure (p=1). Equation (2) is also determined to minimizes
cost but expected extra cost origins from DCs failwhich is
made up of two part multiply by probability of oecdng each
state: first part tries to satisfy customers demasdnuch as
possible by proper DCs and secondly due to the ¢tddBCs
capacity or partial coverage constraint it allosalkest sales
cost to the difference amount of satisfied demaettvben (1)
and (2). Constraint (3) ensures that all customdeshands
must be satisfied at normal situatior' tate). Constraint (4)
prohibits from servicing a customer zone more thtn
demand in any failure situation (except dtate). Constraint
(5) controls that a DC output doesn’t pass its megy
supplied from all potential plants. Constraint (6)ply two
fact concurrently: firstly prevents from allocatimptential
plants to DC j since it hasn’t been opening anaseély adjust
an opened inventory DC at last as equal as its ciigpa
Constraint (7) for a plant k blocks extra potent@Cs
supplying which overflows plant k capacity. Constta(8)
and (9) avoid model in establishing DCs and plavite more
than one capacity level in any index set of J and K
respectively. Finally, the residual of Constraimtstermine
type of variables.

Ill.  SOLUTION PROCEDURE

According to the Cohon [5], methods of solving mult
objective problems are mainly classified into then@rating
and Preference-based methods. Actually Generatigtipads
seek to find as least as possible non-dominantisoki for
decision maker without imposing any preferences ramo
objectives. Contrary, Preferences-based methodtotrgach
the optimal Pareto-front by laying different weiiglgt factors
among objective functions.

In this study we adopt LP-Metric method which isdted
in the category of the Preferences-based one t{@jould be
proved that when Le, the formulation of correspond method
changed into a kind of Min-Max approach.

Min a (14)
Subject to:
fi-fi
fafz
azy, [ (16)
yitra=1 (17)
Y Xh=1 Viel (18)
YigXij <1 Viel&se(S+1) (19)
Yie1 0iXij < Ykek Lrer bj Vi V€] &S ES (20)
Yrex VS <Ul Vj€Jr€ER&SES (21)
Ykek rer bjTYj7cS < Yhen eliclvlicl VkEK&s€ES (22)
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YrerUT <1 Vj€] (23) 0.25 2651528 74789.71 17.67 233.67 {z,zi {3,3,3,3}
h 0 3094803 70370.21 3735 254.63 [3,3] [3333
2?“’ Vie s 1 vk e_k (24) 1 2253305 1892749 - - 201 13,3,3,0]
Xij20 Viel&jEJ&sES (25) 075 2352638 680322.4 441 17821 [2,0] [333,2]
U]T € (0,1) VjieJ&reR (26) J  *0.54 2419547 665317.3 738 18449 [3,0] [3333]
r ; 0.5 2368977 6653173 513 18449 [2,0] [3,3,3,3]
j;’f =0 Vjej&kek&reR @7) 0.25 2587345 645633.9 14.82 193.16 [2,2] [3,3,33]
vV, €(0,1) VkeK&heH (28) 0 3229899 6131245 4334 20871 [23] [3,3,33]
In the following reformulation a new variable)(and three TABLE Il
additional constraints (15)-(17) will be added tor anain LINGO RESULTS FORC; = 1055.27
model. Also it is proven that different valuesyei& y, leadto ¢ A 2 OM oD
efficient solutions of the main model. 1 2253305 4603219 B B 2,0] [33,3,0]
*0.98 2303875 136357.2 224 23759 [3,0] [3,3,3,0]
1V. COMPUTAT|ONAL RESULTS o 0.75 2352638 79982.44 441 475.53 [2,0] [3,3,3,2]
. o i R 05 2368977 78489.34 513 48648 [2,0] [3,3,3,3]
In this section in order to explore different agpeaf the 025 2594189 7575833 1513 507.62 [2,2] [3,3,3.3]
proposed model, LINGO results for a random exanwité 0 3088820 71338.83 37.08 54526 [3,3] 33,33l
10 potential customer zones, 4 candidate locatfdb@s and 1 2253305 3491326 - - [2,0] [333,0]
2 candidate location of manufacturers are presefitedthich o 075 2352638 803429.6 441 33455 [20] [3332]
three capacity levels are considered for both DC & ~ 05 2368977 7617796 513 35831 [2,0] [3,33,3]
Manufgcturer layers. Also comp_utational resultsoine the 0,;25 ;Zg;?g; 72‘;1‘;?9 ;gé; :gg:gi {;2 Sg:i}
analysis of two probably effective parameters sashthe
failure probability of DCs = 0.02,0.2) and shortage cost
(C; = 572.09,1055.27,1934.66). TABLE Il
In the Table I through Il in terms of three shgeacost and LINGO RESULTS FORC, = 1934.36
two failure probabilities of DCs the values of twbjective — g A . OM oD
functions, the rate of increase and decrease inegpond 1 2253305 8439227 3 B 200 [3330]
objectives in comparison to their values in timégyq = 1), *0.99 2303875 204521 224  312.63 [3,0] [3,3,3,0]
the statue of opened manufacturers (OM) and DCs) (0D o 075 2352638 81689.7 4.41  933.08 [20] [3,332]
each solution and local optimum solutions foundLlyGO = 05 2368977 8025224 513 95159 [2,0] [333,3]
are listed. For instance in TABLE | in terms of; (= 0.25 2644990  77521.22 17.38  988.63  [22] [3,333]
572.09,q = 0.02,7, = 0.95) just by 2.24% increase in1 0 3465562 7310173 53.80 1054.45 [3,3] [3,3,3,3]
o ; . 1 2253305 6400759 - - 2,01 3,330l
objective function, we can hedge against 152.61fléxpécted o 075 2352638 1020874 441 52699 [20] [3332]
future costs related td“?objectlve function. Also in order to ~ 05 2368977 9373425 5.13 582.86 [2,0] [3,3,3,3]
reach this specific solution which is a local optim based 0.25 2551893 924247.1 13.25 59254 [2,1] [3,3,3,3]
LINGO results, First index set of manufacturersatimn must *0 2905913 885149.7 2896 62313 [2,3] [3333]
be opened at its third capacity level (OM: [3, afd £, 2
and ¥ index set of DCs have to be opened at their maximu V.CONCLUSION
capacity level (OD: [3, 3, 3, 0]). This study provided a framework for extending thevipus

Moreover, as illustrated in the following table® tbontrast |iterature on reliable SCN design by adding manufae's
characteristic of two objective functions could bealized layer and facilitating multi capacity levels for tho
obviously. In fact gradual decreasing in valueypfleads to manufacturer and DC echelons. Besides that a refation
augment of first objective function and consequentiprocess through a branch of LP-Metric method wasethin
decreasing of the second one which implicitly stetecost of order to solve the bi-objective model with LINGOftsare.
taking into the account the reliability issues gowith  Also computational results for a small size problexticated
traditional facility location objectives in staljfisituation of hat by small consideration to the unreliable ratuwf
supplying layers. supplying layers, the system could block the lapgebable

Finally, by monitoring data of three tables andapaeters fytyre losses. Additionally, parameters analysisvshthat in
analysis at a short glance it could be concluded with the - problems with high penalty cost, utilization of @stment on
same (ljncrease irf'Iobjective function, the rate of decrease ijhe SCN initialization costs could be more benafici
the Z° one has ascending and descending relation wiffowever, for future studies it is worthwhile to lnde some
augments of shortage cost and probability of failurheuristic approaches for solving large scale proble
respectively. Moreover, it could be valuable to formulate scemari

occurrence probability (changing from one stateatmther)

TABLE | ;
LINGO RESULTS FORC; = 572.09 via Markov process.
A A OM oD

Q ' REFERENCES

1 2253305 249553.8 - - [2,0] [3,3,3,0] N o o ) .
o  *0.95 2303875 98790.68 224 15261 [3,0] [3,3,3,0] [1] Amiri, “Designing a distribution network in a sugpkhain
S 075 2352638 79676.65 4.41 21321 [2,0] [3,3,3,2] system: Formulation and efficient solution procedur

0.5 2368977 77520.73 5.13 22192 [2,0] [3,3,3,3] European Journal of Operational Research 171 (Z086)576.
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