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Abstract This paper presents a bi-objective stochastic optimization problem of 
supplier selection and customer orders scheduling in the presence of major dis-
ruption risks. The supplies are subject to independent random local disruptions of 
each supplier individually and regional disruptions of all suppliers in the same geo-
graphic region simultaneously. Given a set of customer orders for products, the 
decision maker allocates the demand for parts among certified suppliers and sched-
ules the orders over the planning horizon, to optimize expected cost and expected 
customer service level. The obtained combinatorial stochastic optimization problem 
is formulated as a mixed integer program with weighted-sum aggregation of the 
two conflicting objective functions. Numerical examples and some computational 
results are presented.

Keywords Supplier selection · Customer order scheduling · Stochastic mixed 
integer programming

1  Introduction

In global supply chain networks a variety of conflicting optimality criteria should 
be simultaneously considered to optimize material flows. In view of the global com-
petition and the flow disruption risks, a crucial issue becomes how to best schedule 
the flows with reduced cost and higher customer service level, e.g., (Sawik 2011). 
In particular, the selection of part suppliers and allocation of order quantities may 
have a great impact on the performance of global supply chain networks in the pres-
ence of unexpected disruption events. For example, in (Gurnani et al. 2012; Berger 
and Zeng 2006; Yu et al. 2009) the various impacts of supply disruption risks on the 
choice between single, dual, multiple and contingent sourcing strategies were con-
sidered. The performance of a customer driven supply chain under major disruption 
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risks may be significantly improved by the coordinated selection of part suppliers 
and scheduling of customer orders.

The major contribution of this paper is that it presents a bi-objective selection 
of supply portfolio and scheduling of customer orders in a customer driven supply 
chain under disruption risks, to optimize the two conflicting objectives: expected 
cost and expected customer service level. The supplies of parts are subject to inde-
pendent random local and regional disruptions. The cost includes the cost of order-
ing, purchasing and shortage of parts, while the customer service level is defined 
as the fraction of customer demand, fulfilled on or before customer requested due 
dates.

The stochastic mixed integer programming model proposed is based on the 
stochastic optimization approach presented in (Sawik 2013, 2014a, 2014b) for a 
single-objective problem of integrated supplier selection, order quantity allocation 
and customer orders scheduling under disruption risks.

The paper is organized as follows. The description of the integrated selection of 
supply portfolio and scheduling of customer orders with multiple suppliers subject 
to independent local and regional disruptions is presented in Sect. 2. The stochastic 
mixed integer program for the efficient optimization of expected cost and customer 
service level is described in Sect. 3. Numerical examples and some computational 
results are provided in Sect. 4, and final conclusions are made in the last section.

2  Problem Description

Consider a customer driven supply chain in which various types of products are as-
sembled by a single producer to meet customer orders, using the same critical part 
type that can be manufactured and provided by many suppliers.

Let I M= { }1, ... ,  be the set of M certified suppliers, J = { }1 N, ... ,  the set of N 
customer orders for products and T H= { , �}1  ...,  the set of H planning periods. Denote 
by bj and dj, respectively the size and the due date of customer order j J∈ � Let aj be the 
unit requirement for the critical part of each product in customer order j J∈ � The total 
demand for parts is, A ajbj

j J
=

∈
∑ ,  and the total demand for products is, B bj

j J
=

∈
∑ �

The orders for parts are assumed to be placed at the start of the planning horizon, 
when all customer orders for products are known. Let oi be the unit purchasing price 
of parts from supplier i I∈  and denote by ei the fixed ordering cost of creating con-
tracts and maintaining relationships with supplier i I∈ �  Assume that the suppliers 
are located in a number of disjoint geographic regions and denote by I Ir ⊆  the 
subset of suppliers in region r R∈ �

The supplies are subject to independent random local disruptions of each sup-
plier individually and regional disruptions of all suppliers in the same geographic 
region simultaneously. Denote by pi the local disruption probability for supplier 
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i I∈ and by pr the probability of regional disruption of all suppliers i I r∈  in region 
r R∈ �  The regional disasters in each region and the local disasters at each supplier 
are assumed to be independent events. Let S q= { , ,�}1  be the index set of all 
disruption scenarios, where each scenario s S∈ ,  is comprised of a unique subset 
I Is ⊆  of suppliers who deliver parts without disruptions. All potential disruption 
scenarios, q M= 2 ,  will be considered. For each scenario s S∈ ,  the supplies from 
every supplier, i I Is∈ \ ,  can be disrupted either by a local or by a regional disaster 
event. The formula for probability Ps for disruption scenario s S∈  with the subset 
Is of non-disrupted suppliers was developed in (Sawik 2014b).

The producer can be charged with a contractual, order specific penalty cost for 
delayed or unfulfilled customer orders, caused by the shortage of parts, that are de-
livered late or not at all due to supply disruptions. Let gj and hj be, respectively the 
per unit and per period penalty cost of delayed customer order j J∈  and the per 
unit total penalty cost of unfulfilled customer order j J∈ �

The problem objective is to allocate the total demand for parts among a subset of 
selected suppliers and to schedule the customer orders for products over the plan-
ning horizon to minimize the weighted-sum of normalized expected cost of order-
ing, purchasing and shortage of parts and normalized expected customer service 
level.

3  Problem Formulation

In this section the weighted-sum mixed integer programming model is proposed 
for the bi-objective supplier selection and customer order scheduling to optimize 
expected cost per product and expected customer service level. The following three 
basic decision variables are introduced in the proposed mixed integer programming 
model:

1. Supplier selection variable: ui = 1,  if supplier i is selected; otherwise ui = 0;
2. Order-to-period assignment variable: v jt

s = 1,  if under disruption scenario s cus-
tomer order j is assigned to planning period t; otherwise v jt

s = 0;
3. Demand allocation variable: wi ∈[ , ]0 1  is the fraction of total demand for parts 

ordered from supplier i�

The demand for parts allocation vector ( , ,� ),w wM1   where wi
i I∈
∑ =1  and 

0 ≤ ≤ ∈w i Ii 1, ,  defines the selected supply portfolio�
Let E1  be the minimized expected cost per product and E2 ,  the maximized ex-

pected customer service level. In order to avoid dimensional inconsistency among 
the two objectives, the values of the optimized objective functions are scaled into 
the interval [0, 1]. Denote by f E E E E1 1 1 1 1= − −( ) / ( ),  the normalized expected 
cost per product and by f E E E E2 2 2 2 2= − −( ) / ( ),  the normalized expected ser-
vice level. E E1 1,  are the minimum, the maximum values of E1,  and E E2 2,  are 
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the minimum, the maximum values of E2 , respectively. The normalized objective 
functions f1  and f2  are defined below:

The mixed integer program for the bi-objective supplier selection and customer 
order scheduling to optimize the weighted-sum of expected cost per product and 
expected fraction of customer demand fulfilled by due dates, is based on the model 
Em proposed in (Sawik 2013) to minimize expected cost per product for a multiple 
sourcing strategy.

Minimize λ λf +(1- f1 2) subject to constraints of model Em in (Sawik 2013).
By the parameterization of the above weighted-sum program on (0 1),≤ ≤λ  a 

subset of non-dominated solutions of the bi-objective supply portfolio and customer 
order schedule can be found.

4  Numerical Example

In this section, the proposed stochastic mixed integer programming approach is il-
lustrated with a simple numerical example: H = 10, M = 9, N = 25 and q = 2M = 512;

The detailed values of input parameters are based on the dataset presented in (Sawik 
2014c):

The corresponding vector of disruption probabilities π i = + −p p pir r( )1  of every 
supplier i I r∈  in each region r R∈  is: π = (0.00613057, 0.00765688, 0.0100207, 
0.0404425, 0.0449741, 0.0343219, 0.0614767, 0.0918943, 0.0831672). The above 
data indicates that the most reliable is supplier 1, (π1 = 0.00613057), the least reli-
able is supplier 8, (π8 = 0.0918943), the most expensive is supplier 1, ( o1 = 13), and 
the cheapest is supplier 7, ( o7 = 2).

Figure 1 shows the non-dominated supply portfolios (the allocation of total de-
mand for parts among selected suppliers) for 11 levels of trade-off parameter λ. The 
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subset of selected suppliers consists of four suppliers i = 1, 2, 6, 7 of which suppliers 
i = 1, 2 are most reliable and suppliers i = 6, 7 are the cheapest suppliers in region 
r = 2, 3, respectively.

5  Conclusions

In this paper the decision-making problem associated with supplies of parts and 
deliveries of finished products under major disruption risks has been formulated as 
a mixed integer program with the weighted-sum aggregation of the two conflicting, 
objective functions: expected cost and expected service level. The obtained supply 
portfolio and the schedule of customer orders aim at minimizing the weighted-sum 
of normalized expected cost and normalized expected customer service level to 
minimize the weighted-sum of relative distance from optimality of each objective 
function. While for the pure minimum cost objective, ( ),λ=1  the cheapest supplier 
is selected, and for the pure maximum service level objective, ( ),λ=0  a subset of 
most reliable and most expensive suppliers is usually chosen, for the remaining 
values of trade-off parameter, ( ),0 1< <λ  the non-dominated solutions usually al-
locate total demand for parts among the two types of suppliers.
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