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Abstract: Supplier selection is a problem of determining the optimal supplier(s) which are capable to supply a
product (raw material) in order to meet the demand so that the total procurement cost is minimal. When the
supplier selection problem involving some uncertain parameter, an appropriate optimization method will be
necessary. In this paper, we formulate a mathematical model in a probabilistic integer quadratic optimization to
solve a multi-product and multi-period supplier selection problem with uncertain demand. The demand is
considered as a random variable with some probability distribution. The constraints of the model are covering
supplier capacity, inventory management, quality level management and budgetary constraint. To determine the
optimal decision, we use scenario based probabilistic multistage programming. Based on the numerical
experiment that we discussed, it can be conclude that the proposed model generated the optimal decision which
is the optimal product volume for each product that should be purchased from each supplier which gave the
minimum total procurement cost.
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I.  Introduction

Along with increasingly competition in business and to meet the growing of customer’s demand, a
business enterprise is required to optimize all aspects of business operations that are concerned with maintaining
desired quality standards on product and process. One to be noted is every company must maintain a good
relationship with suppliers because the role of suppliers is very important in meeting all needs of the company.
In supplier selection, there are several aspects that must be considered in the decision-making process which are
making or buying, contract negotiations, design collaboration, procurement, and analysis of sources. However,
from some aspects of the decision, supplier selection is the important one because it is responsible for keeping
the company competitive. In the process of supplier selection, it is required a good planning in determining of
the right supplier for all periods so that the expected total cost incurred is minimum.

Model approaches in supplier selection problem solving can be categorized into two categories which
are quantitative model and qualitative model. In the quantitative model category, S.H. Ghodsypour and C.
O'Brien have addressed the supplier selection issue that explains the integration of the hierarchy analysis process
with linear programming to select the best supplier and the optimum order quantity so that the total purchase
cost is minimum where the cost component is only purchase cost [1]. The article was developed by C. X. Feng,
J. Wang, and J.S. Wang considering purchase cost component is influenced by product quality with its solution
method using stochastic integer programming [2]. An article re-developed by S.H. Ghodsypour and C. O'Brien
was added the transportation cost and storage cost components with the method of solution is using economic
order quantity concept to minimize total cost [3]. The next supplier selection issues are then discussed by H.
Ding, L. Benyoucef and Xiaolan Xie with ONE (optimization methodologies for Network Enterprises) method
[4]. Furthermore, the problem was developed by Nilesh R. Ware, S. P Singh, and D.K Banwet with cost
component is purchase cost, transportation cost, penalty cost, and delay cost in deterministic case and its solve
by mixed integer non-linear programming approach [5]. In the qualitative model category, supplier selection
problem has been discussed with Analytical Network Process (ANP) approach in [6, 7], seller profile analysis in
[8], supplier selection with seller performance matrix approach in [9], suppliers selection by using the Analitycal
Hierarchy Process (AHP) approach in [10, 11] and Technique for Others Reference by Similarity to Ideal
Solution (TOPSIS) and Fuzzy TOPSIS in [12]. In this paper, we formulate a mathematical model in a
probabilistic integer quadratic optimization to solve the supplier selection problem with uncertain demand which
considered as a random variable with some known probability distribution where the constraints of the model
are covering supplier capacity, inventory management, quality level management and budgetary constraint. A
numerical experiment will be given to evaluate the model.
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Il. Mathematical Model
To formulate the mathematical model, symbols of variables and parameters are introduced as follows:

T . Set of time period;
S . Set of supplier;
P . Set of product type;

i . Index of scenarios;
thpi : Volume of product p € P supplied s € S for time period t € 7T for

scenarios i;
UCtsp : Unit cost of product p € P for supplier s € S for time periodt e T,
TCis . Total transportation cost for product (irrespective of product type)
by supplier s e S for time period t € T
Yis . Supplier assignment s e S for time periodt e T

(1 for thpi >0, 0 for others);
SCtsp . Capacity of supplier s € S for product p € P for time period t € 7;
Dtpi : Random variable of volume product p € P for time period t € 7 for

scenarios i;
UPqu . Unit penalty cost to supplier s € S for product p € P for time periodt e T

UDCtSp : Unit delay cost to supplier s € S for product p € P for time periodt € T’
DLT»{Sp : Delay lead time of supplier s € S for product p € P for time periodt e T;
Qtsp . Quality level in period t € T of supplier s € S products p € P;

th : Volume of product inventory p € P for time period t e T;
M p . Inventory capacity p € P;

Bt . Company's budget at time period t € T;

Chp . Holding cost of product p € P;

Vo : Volume of inventory at the beginning of the period,;

Q . Quality level set by organization.

Expected total cost for entire period (Z) equals to the probability of the occurred scenario multiplied by
total procurement cost which consisting of purchasing cost, fixed transportation cost, delay cost due to late on
delivery, penalty cost due to poor product and holding cost. Let be the number the scenarios in scenario tree
generated by the event space of the random variable demand, the proposed mathematical model which minimize
the expected total cost is formulated as follows:

o T s P T S T s P
min Z = pro [ZZZ XguUCip + D > TC,Y; +ZZZ(1
i=1 p=1

t=1 s=1 p=1 t=1 s=1 t=1 s=1
T s P T P
—Qisp JUPCrp Xispi Yis +ZZZUDCtSp DLTigp Xispi Yo +ZZCh 1)
t=1 s=1 p=1 t=1 p=1
subject to:
Xispi <SCisp s VteT, VseS§, VpeP, VieQ (2)
z i [Yis = Xigpi» VIET, VPeP, VieQ 3)
st=1
QtSDZQO VteT, VseS§, VpeP (@)
1 for X >0
Yts={0 BT vteT, VseS (5)
thpiZO YteT, VseS, VpeP, VieQ (6)

thspl_ tp tp“ t=1 VpeP, VieQ
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s
Viap+ D Xigi ~Vip 2Dy, t>1 ¥peP, VieQ (8)
=1
Vip <M, VteT, VpeP ©)
S P S S P S P
z Z thpiUCtsp + ZTCtsYts + z Z (1_ Qtsp )UPCtsp thpths + Z z UDCtsp DLTtsp thpths
s=1 p=1 s=1 s=1 p=1 s=1 p=1
P
+» ChV, <B,VteT,VieQ (20)
p=1
Xipi INtEQEr, VteT, VseS, VpeP, VieQ (11)
V,, integer, vteT, VpeP. (12)

The cost components in the objective function are respectively represent the purchasing cost,
transportation cost, penalty cost for poor product, penalty cost for belated product and holding cost. The
constraints in the model are respectively explains the demand satisfying, quality level management, supplier
assignment, inventory management, budgetary constraint and integer constraint.

I11. Numerical Experiment
Supposed a supplier selection problem with three products p;, p,, and p; and two suppliers s; and

s,. The demand of each product at some time period is uncertain where its probability distribution is known
given in Table 1 and the value of parameters used in this humerical experiment are given in Appendix 1.

Table 1. Probability distribution of demand

Unit Demand (Dy;) Probability (€3;) Parameter
;88 82 Dy1, DBy, By
ggg 82 Dy, Dy, Dsp
i T
ggg 82 D41, D51, Dy
;28 82 D2, D5, De;
20 T
= T
= oo, 000.
i L

If the quality level is 0.85, then how many products should be purchased at each time period for nine
time periods from each supplier with minimum expected total cost can be determined by using model (1). We
solve the corresponding probabilistic integer quadratic programming in LINGO. To solve the problem for nine
time periods, we solve (1) with 3-by-3 time periods due to the computer’s memory capacity limit. For each 3
time periods, the number of scenario generated in LINGO is 8 scenarios so the corresponding optimization is a
sufficiently large problem. To illustrate the solution of the problem, we decide the demand value from a scenario
so that the corresponding optimal solution can be determined as follows.
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Figure 1. Optimal product volume generated by optimization (1) (P1, P2, P3 refers to py, p,, ps and S1, S2 refers

Product Volume (unit)

t0 s, S7)
70
= 60
-
=50
=
3 40
= 30
< 20
-]
g [ I
)
1 2 3 4 5 6 7 8 9
mP1 60 0 0 60 0 0 60 0 0
mP2 45 10 0 45 45 0 45 20 0
mP3 0 55 0 0 55 0 0 55 0

Time Period (t)

Figure 2. Inventory level of product generated by optimization (1)

At time period 1, if demand for p; is 160 units, p, is 240 units, p; is 180 units then the company
have to purchase 60 units of p, from s;, 160 units from s, while the inventory level is 60 units; purchase 145
units of p, from s;, 140 units from s, while the inventory level is 45 units and purchase 180 units of p; from
s, while no item in the inventory. At time period 2, if demand for p; is 200 units, p, is 320 units, p, is 250
units then the company have to purchase 140 units of p, from s, with no item in the inventory; purchase 105
units of p, from s;, 180 units from s, while the inventory level is 10 units; purchase 135 units of p; from s,
170 units from s, while the inventory level is 55 units. By solving the problem analogously for time period 3 to
9, the minimal expected total cost is $376485.9 where the solution is illustrated by Fig. 1 and Fig. 2.
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IV. Conclusion
In this paper, the solution of supplier selection problem with uncertain demand was considered where

the demand’s uncertainty was approached by using a probability distribution. The optimal decision which is the
product volume that has to be purchased from each supplier with minimal expected total cost was determined by
using the proposed mathematical model where the corresponding optimization problem was solved by using
probabilistic integer quadratic programming. From the numerical experiment result, the proposed model was
generated the optimal decision for the given problem.
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Appendix 1. Value of parameters

Time P
period s P, D, o8 TC,

(t)

L s, | 200,45,0.956,3,15" | 240,23,0.92,7,2,18 220,29,0.91,6.5,0,16 9
S, | 160,55,0.89,6,2,15 140,21,0.96,7,0,18 150,32,092,6.5,2,16 11.5

) s, | 220,60,0.86,7,3,19 | 200,38,0.88,10,2,16 210,45,0.87,8,1,17 15
s, | 160,65,0.87,7,2,19 | 180,36,0.91,10,0,16 170,40,0.9,8,1,17 18

3 s, | 180,30,0.94,8,1,17 | 160,47,0.93,9,2,17.5 170,38,0.89,7,2,18 135
s, | 210,33,0.88,8,2,17 | 230,41,0.91,9,1,17.5 220,36,0.9,7,2,18 14

4 s, | 200,45,0.95,6,3,15 240,23,0.92,7,2,18 220,29,0.91,6.5,0,16 9
s, | 160,55,0.89,6,2,15 140,21,0.96,7,0,18 150,32,0.92,6.5,2,16 115

c s, | 220,60,0.86,7,3,19 | 200,38,0.88,10,2,16 210,45,0.87,8,1,17 15
s, | 160,65,0.87,7,2,19 | 180,36,0.91,10,0,16 170,40,0.9,8,1,17 18

6 s, | 180,30,0.94,8,1,17 | 160,47,0.93,9,2,17.5 170,38,0.89,7,2,18 135
s, | 210,33,0.88,8,2,17 | 230,41,0.91,9,1,17.5 220,36,0.9,7,2,18 14

; s, | 200,45,0.95,6,3,15 240,23,0.92,7,2,18 220,29,0.91,6.5,0,16 9
S, | 160,55,0.89,6,2,15 140,21,0.96,7,0,18 150,32,0.92,6.5,2,16 11.5

8 s, | 220,60,0.86,7,3,19 | 200,38,0.88,10,2,16 210,45,0.87,8,1,17 15
s, | 160,65,0.87,7,2,19 | 180,36,0.91,10,0,16 170,40,0.9,8,1,17 18

9 s, | 180,30,0.94,8,1,17 | 160,47,0.93,9,2,17.5 170,38,0.89,7,2,18 135
s, | 210,33,0.88,8,2,17 | 230,41,0.91,9,1,17.5 220,36,0.9,7,2,18 14

{SC,,, UC,, Q, UPC,, DLT, UDC,,},Vt €T, Vs €S, Vp e P.
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