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Abstract—In this article, the design of a Supply Chain Network
(SCN) consisting of several suppliers, production plants, distribution
centers and retailers, is considered. Demands of retailers are
considered stochastic parameters, so we generate amounts of data via
simulation to extract a few demand scenarios. Then a mixed integer
two-stage programming model is developed to optimize
simultaneously two objectives: (1) minimization the fixed and
variable cost, (2) maximization the service level. A weighting method
is utilized to solve this two objective problem and a numerical
example is made to show the performance of the model.
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1. InTRODUCTION
NE of the important factors that has a significant impact
in supply chain responsiveness and costs concerns with
network design decision which is typically a strategic decision
[3]. When customers demand are stochastic variables in
supply chain network (SCN) design problem, the most
important issue is to find the network configuration that can
simultaneously achieve the objectives of minimization total
cost comprised of the costs of manufacturers and distributors,
and maximization retailers service level.

Supply chains performance measures are classified as
qualitative and quantitative. Customer satisfaction, flexibility,
and effective risk management can be categorized as
qualitative factors. Quantitative factors are also categorized
by: (1) objectives that are based directly on cost or profit such
as cost minimization, profit maximization, etc. and (2)
objectives that are based on some measure of customer
responsiveness such as customer response time minimization,
lead time minimization, etc. [7].

However, the SCMN problem is usually involving trade-
offs among different goals. In this study, we developed a
mixed integer two-stage programming model to design a
supply chain network via optimizing multi objective functions.
We considered two objectives for SCM problem: (1)
minimization of total fixed costs for establishing
manufacturers and distribution centers and the expected value
of production costs and distribution costs, (2) maximization of
the customer service level.
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II. LITERATURE REVIEW

There are many studies in supply chain design concerning
deterministic parameters such as [10] and [17]. However, in
real life problems, there are so many operational and
commercial uncertainties such as costumer demand, product
price, operational costs, facility capacities, and so forth.
Moreover these uncertainties can occur in both strategic and
tactical level. In tactical level planning, for example,
distribution of raw materials and final products, there are
several papers like [22] and [20]. Also in strategic level there
are so many papers related to location decisions of supply
chain components which can be found in a comprehensive
review by [18]. Moreover, in strategic level, supply chain
network design papers are reviewed by [21].

In this scope, some papers just deals with one stochastic
parameters like demand [15], While others consider more than
one stochastic parameter like [6] that simultaneously consider
production cost, delivery cost, and demand as stochastic
parameters. [8] used Two Stage Approach (TSA) for modeling
an uncapacitated Location problem. [15] modeled a
distribution problem with stochastic demand by TSA then
used network recourse decomposition method as a solution
technique, although, they didn’t analyze responses variability
according to demand and other parameters characteristics. [9]
Consider network design problem with capacity constraint and
their model is MILP and its objective is to minimize the
operational and strategic costs. They use Benders algorithm to
solve the problem and claim that the network is robust.

[5] Review the production and distribution problems. They
emphasize on large scale logistics models and point their
defects. [4] Mention the importance of uncertainty
considerations in large scale logistics systems and they focus
on MILP models and its solution approaches.

[16] Design a multiple products and multiple layers
network. The first stage variable is an integer and the second
stage variable is continuous. They utilize two models and
techniques to solve the problem. Firstly, “Wait and see”
analysis and then TSA is used. [14] Also designs a multi
product and multi echelon network. In their model the
consumers and production location is given and the goal is to
locate the ware houses and distribution centers in order to
minimize the total strategic and operational costs in which
they use MILP model.

[1] Present a two stage model deciding about production
topology, facility capacity, product selection, and product
allocation. Its objective function is maximizing the selling
profit by subtracting operational and investment costs. In their
paper they consider demand, product price, raw material
procurement and production cost as stochastic parameters.
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And their solution approach is based on branch and fix
coordination algorithm.

[19] presents a Two Stage model to design a large scale
network. The objective is to determine the location of facilities
and deciding about that which machine in each facility should
participate in production process in order to minimizing the
objective function. The solution method is based on benders
algorithm that is mixed with SAA method to solve the model.
In their paper two real large scale problems results is
presented. [13] model a single product and single period
location allocation problem by Two Stage approach and solve
it by Lagrangian method.

In literature, little portion of papers consider multiple
objective models in stochastic environment and in supply
chain network design problems. [12] utilize a multi-stage
model and its objective functions are minimizing risk and
maximizing profit. In their paper a new approach based on
Moreau-Yosida regularization is used to solve the model. [2]
consider demand, distribution cost, stock out cost, capacity
expansion cost are stochastic. They use three objective
functions to provide a robust model. The first objective
function is the traditional total cost of investment, distribution,
stock out, and capacity expansion. The second objective
function is minimizing the variance of total cost, and
ultimately the third one is minimizing the financial risk.

In this paper we are trying our best to model a supply chain
network with stochastic demand by utilizing Two Stage
programming and also multi objective concept. The first
objective is minimizing total cost of allocating facilities and
the second objective is maximizing service level.

I1I. MODEL FORMULATION
In this section we intend to construct the model of the
mentioned problem. The main assumptions of the provided
model are: (a) The formulation is a single period, multi
product model, (b) the operational costs and the capacity of
the facilities are deterministic parameters, (c) the customers’
demands are all stochastic parameters, normally distributed
with mean equals to their deterministic parameters and
standard deviation equals to the fraction of their mean, (d)
capacity of each facility is limited. You can see the parameters

and variables of the model in the following:

Indexes

C: Set of commodities indexed by ¢

D: Set of candidate distributers indexed by d

K: Set of raw materials indexed by k

L: Set of suppliers indexed by [

M: Set of candidate manufacturers indexed by m
R: Set of retailers indexed by r

S Set of scenarios indexed by s

Parameters

b*¢: Demand of retailer r for commodity ¢ under scenario s

CL¥ : Maximum capacity of supplier [ to provide raw
material [

CM;,: Maximum capacity of manufacturer m to produce
commodity ¢

CD§ : Maximum capacity of distributer
commodity ¢

FCD,; : Fixed cost of distributing commodity from
distribution center d

FCM,,: Fixed cost of production in manufacturer m

FCD§ : Fixed cost of distributing commodity ¢ from
distribution center d

FCMg, : Fixed cost of producing commodity ¢ in
manufacturer m

HES: Demand of retailer r for commodity ¢ under scenario s

p®: Probability of scenario s

RL;: Maximum available resource for supplier [

RM,,,: Maximum available resource for manufacturer m

RD;: Maximum available resource for distributer d

RL¥ : Resource usage of supplier [ for providing raw
material k

RMj,: Resource usage of manufacturer m for producing
commodity ¢

RD§ : Resource usage of distributer d for distributing
commodity ¢

ULME, : Unit cost of providing raw material k to
manufacturermfrom supplier [

UMDf,; : Unit cost of providing commodity ¢ to
distributerd from manufacturer m

UDRS,: Unit cost of providing commoditycto retailerrfrom
distributerd

&: A short number near the zero

M: A large number near the infinite number

N: Number of commodity types

d to deliver

Variables

xIm¥S: Amount of raw material k provided by supplier I to
manufacturer m under scenario s

xmdsy, Amount of commodity ¢ provided by
manufacturer m to distributer d under scenario s

xdrgy: Amount of commodity ¢ provided by distributer d to
retailer r under scenario s

yd,: Binary variable equals to 1 when distribution center d
distribute at least one commodity

ym,,: Binary variable equals to 1 when manufacturer m
produce at least one commodity

yd§: Binary variable equals to 1 when distribution center d
distribute commodity ¢

yms,: Binary variable equals to 1 when manufacturer m
produce commodity ¢

t£%: Binary variable equals to 1 when demand is satisfied

y: Satisfaction level
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We construct a two-stage multi-objective mixed-integer
linear programming for our problem in which the first
objective is minimizing the costs related to supply chain
facilities and the second one is maximizing the customer
satisfaction level. These two objectives and the constraint can
be shown as following:

minimize Z FCM,,ym,, + Z FCD,yd,

meM deD

+ Z Z MFCEymS, + z Z DFCSydS

MEM ceC deD ceC

+ E <Z Z Z ULM, xImks,

lEL mEM keK
+ Z Z Z UMDS, ;xmdS;
mMEM deD ceC

+ z Z Z UDRgrxdr,;ﬁ) )

d€D rER ceC
maximize y 2)
S.t.
Z xlmks — Z Z p*xmdS; =0  vm,k,s (3)
leL ceC deD
Z xmdgs, — Z xdcg; =0 vd,c,s (4)
meM TER
Z RLExIm!S, < RL, vis  (5)
KEK meM
RMgxmdyy < RMpy,ym,, vm,s (6)
ceC deD
Z Z RDSxdrSS < RDaydy vd,s (7
ceEC TER
Z xlmlss, < cL Viks (8)
meM
Z xmdsiy < CMgyms, vm,c,s (9)
deD
Z xdrsS < CDSyds vd,c,s (10

TER
Z RMon yms, = z Z p HE V¢ (11)
RMTCn m = T

meM TER \SES

RDq c spycs
Zwyd = Z Zp Hy Ve (12)
debp a TER \SES
Z xdrgy — HS < Mt5° vr,c,s  (13)
deb
z xdrg, — HP =2 M(t7° — 1) vr,c,s (14)
deb
Z tS/N >y vrs  (15)
cec
ymg, < ymy, vm,c  (16)
ydg < ydg vd,c a7

xlmks, xmdSS,, xdrés,y 20 Vi,m,d,r,c,k,s (18)
ym,,, ydg, yms, yds, t& € {0,1} vm,d,r,c,s (19)

Objective (1) minimizes the sum of total fixed cost and
expected total variable cost. Objective (2) maximizes the
satisfaction level. Constraints (3) ensure that the total amount
of raw material kdelivered to manufacturer m is equal to the
total amount required byall commodities made at this
manufacturer, while constraints (4) ensure that all
commodities that enter a given distributer also leave that
distributer. Constraints (5)-(7) express that the resources used
in each supplier, manufacturer and distributer should be less
than their maximum total available resources, while
constraints (8)-(10) guarantee that the total raw materials or
commodities which exit from suppliers, manufacturers or
distributers should be less than their capacities. Constraints
(11) and (12) ensure that the total capacity of the opened
facilities is greater than the total demand. Constraints (13) and
(14) are sensors for demand fulfillment. In other words, if
demand was satisfied, sensor t£° would be 1, otherwise it
would be 0. So by constraint (15) the average number of
sensors which were 1 should be more than satisfaction level.
Finally the constraints (16) and (17) ensure that when a
facility did not opened, that would not provide any raw
material or commodity.

Before we go to solving stage of the problem we should
reminisce that the demands of the retailers are stochastic
parameters. So we initially would produce data in a way and
then we can get to the solution methodology. In the next
section we explain the solution methodology by a numerical
example.

III. SOLUTION METHODOLOGY AND NUMERICAL EXAMPLE

This part presents a simple numerical example to show the
results of the model formulation. In this example the supply
chain consist of 4 suppliers, 3 potential manufacturer, 3
potential distributer, 4 retailers, 3 different kinds of raw
materials and 3 kinds of finished products. Our objective is to
find the best configuration of the supply chain (manufacturer
and distributer should be determined), and also decide about
which commodities should be provided in selected
manufacturers and distributers in a way that the cost is
minimized and the service level will be maximized. At the
beginning we should generate data for the demand of retailers
on every product to get to the scenarios. For this purpose we
generate 1000 series of data for each combination of r and ¢
based on normal distribution with mean equals to their
deterministic quantity and standard deviation equals to the
fraction of their mean, and then extract 10 scenarios from
these data.

To solve a multi-objective model, there are many solution
strategies like the Weighting Method, the Constraint Method,
Multi-objective Simplex Method, Fuzzy method and etc. We
used the weighting method to solve our problem since the
model is a mix integer programming (MIP). The model is
solved for different combinations of objective weights and the
pareto-optimal configuration of the supply chain facilities is
determined. Also we decide that each manufacturer and each
distributer provide which commodities. Designing the supply
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chain network, the decision maker should select his own
weights for the cost and service level, and then he can
distinguish which facilities are needed. We do the same
procedure on proposed example. The results can be
demonstrated as below:

1. For all combination of the w(1) (cost weight) and
w(2) (service level weight) manufacturers 2 and 3, and
distributers 1,2 were selected, so the supply chain network
would consist of four suppliers, two manufactures (1,2), two
distributers (2,3) and four retailers.

2. For each combination of the weights, the
commodities that should be provided in selected manufactures
and distributers are shown in Fig. 1.

W(1) <0.025 and 0.025<W(1) <0.1 and

0.2<W(1)<0.25 and 0.3<W(1)<0.45 and
0.45<W(1)<0.5 and 0.5<W(1)<0.55 and
0.55<W(1)<0.6 and 0.6<W(1)<0.65 and
0.65<W(1)<0.7 and 0.75<W(1)<0.9

0.9<W(1)<0.975

0.1<W(1) <0.15 and

0.25<W(1)<0.3 and

0.15<W(1) <0.2 and

0.975<W(1)<1

0.7<W(1)<0.75

M2: Commodity 1
M3: Commodities 1,2,3
D1: Commodities 1,3

D2: Commodities 1,2

M2: Commodities 1,2
M3: Commodities 2,3
D1: Commodities 2,3

D2: Commodities 1,2

M2: Commodity 1
M3: Commodities 1,2,3
D1: Commodities 1,2,3

D2: Commodity 1

M2: Commodities 1,2
M3: Commodities 1,3
D1: Commodities 1,3

D2: Commodities 1,2

Fig. 1 Types of commodities which should be provided by selected manufactures and distributers

IV. CONCLUSION

In this study, a mixed integer two-stage programming
model is developed to design a supply chain network by
optimizing two different objectives. We considered two
objectives: (1) minimization of total fixed and variable cost of
plants and distribution centers, (2) maximization of the
customer service level, and used the developed model to
determine from which manufacturers and distributors, and also
how much amounts should be provided to answer retailers’
stochastic demand.
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