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 Nowadays, experts believe there are abundant 

sources of risks in a supply chain. An important 

group of risks against a supply chain is the 

disruption risks group, which disturbs the flow of 

material in the chain and may lead to inefficiency 

in providing the final product in the supply chain. 

The aim of this article is to investigate the control 

of costs of disruption in a supply chain by 

considering the possibility of disruption. In fact, 

this research focuses on determining the best 

combination of suppliers and quota allocation 

with regards to disruption in suppliers. The 

proposed multi-objective mathematical model in 

this paper is a mixed-integer programming (MIP) 

model with objective functions to minimize 

transaction costs of suppliers, expected costs of 

purchasing goods, expected percentages of 

delayed products, expected returned products, and 

to maximize expected evaluation scores of the 

selected suppliers. Due to the uncertainty of 

demand and supplier disruption in the real world, 

their values are also considered uncertain; the 

proposed multi-objective model is studied by using 

a scenario-based stochastic programming (SP) 

method. In this method, all possible predictions for 

demand and disruption values are simultaneously 

included in the model; objective function results 

have more optimal value than a separate solution 

of the model for each predicted value. 
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1 Introduction  
 

Supply chain is a complex logistics system in which 

raw materials are converted into the final product and 

are delivered to final consumers [1]. A supply chain 

management has three main processes including [2]: 
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1 Information Management: 

Nowadays, the role and importance of information is 

evident to everyone. Proper circulation and transfer 

of information plays an important role in making 

processes more efficient, effective, and easier to 

manage. Coordination in activities is very important 

in a supply chain. Coordinated and appropriate 
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information management among partners have 

incremental effect on decisions, speed, accuracy, 

quality, and other aspects. 

2 Logistics Management:  

This role covers all the physical activities from the 

procurement of raw materials to the final product 

including transportation activities, warehousing, 

production schedules, and etc.  

3 Relationship Management:  

This is one of the most important supply chain issues 

and has a significant impact on all fields in a supply 

chain and its performance level. Many initial failures 

in a supply chain are due to poor communication of 

expectations and behaviors that occur between 

various parties involved in the chain; trust and 

reliability among the parties is a critical and 

important element of success. 

 

Delays in preparation of orders after a scheduled 

delivery period are inevitable in the production 

system. These delays impose costs on the system 

including loss of reputation among customers, 

destruction of goods or raw materials in food 

production systems, and increasing costs. 

Outsourcing in the supply chain followed by correct 

supplier selection has been used as a solution to 

reduce costs and increase flexibility [3]. Nowadays, 

companies are increasingly outsourcing their 

businesses including IT infrastructure, purchase of 

raw materials, after-sales services, logistics, and 

transportation. In fact, outsourcing executive-level 

processes (like transportation and warehousing) is 

related to basic outsourcing; outsourcing 

programming and decision-making levels (like 

distribution and network management) is concerned 

with the advanced outsourcing [4].  

Generally, supplier selection is one of the most 

important and critical decisions which is not only 

responsible for the supply of components but also for 

maintaining an organization in a competitive 

environment. Supplier selection becomes even more 

important when an organization needs to choose a 

supplier for more than one particular period at a 

different cost, delivery time, and delay [5]. On one 

hand, examples of these trends include globalization 

of commerce, outsourcing of internal functions, and 

reduction of the level of reserve in a chain with the 

help of a timely production philosophy; on the other 

hand, business environments today are dealing with 

uncertain factors more than ever, and even the most 

efficient systems are not immune to risk, disruption, 

or damage. In other words, disruption is one of the 

most important issues with regard to the global 

supply chain, which can quickly be disseminated to 

other parts. 

Supply chain disruption management is a structured 

and continuous process to analyze the impact of 

disruptions on predetermined goals and to manage 

disruptions throughout its life cycle in a supply chain. 

In some disruptions, the greatest attention should be 

paid to prevent disruption; while for others, the focus 

needs to be on reducing its effects after the disruption 

occurs [6].  

In the next section, a brief summary of the studies 

conducted in the field is given.  

 

2 Literature review 
 

Karpak et al. [7] provided an ideal programming 

model for evaluating and selecting a supplier with 

three objectives of cost, quality, and delivery 

capability. Amid et al. [8] proposed a fuzzy multi-

objective linear programming model. This model 

considered the ambiguity and inaccuracy of input 

data, and helped decision-makers to supply the 

optimum quantity of order for each supplier. Their 

model had three objective functions with different 

weights. Objective functions included minimizing 

prices and maximizing quality and services; and 

constraints included demand and capacity. Lee and 

Chang [9] proposed a supplier selection model with 

four objective functions to minimize costs, returns, 

and delays in delivery, and maximize supplier 

flexibility, in which the demand was stochastic and 

the genetic algorithm used for solving this problem. 

Razmi and Maghol [10] suggested a fuzzy two-

disciplinary model under a multi-period 

programming horizon for procurement and supplier 

selection problems in which budget and capacity 

were the problem constraints. This model included a 

variety of discount policies (generalized and partial) 

with different payment methods suggested by each 

supplier. Li and Zabinsky [11] proposed a two-stage 

probabilistic approach to determine the minimum 

number of suppliers and the allocation of each share 

taking discounts into account. This approach 

included the stochastic programming (SP) model and 

chance constrained programming (CCP); both 

models had several objective functions. The first 

objective function was to minimize the number of 

suppliers, and the second was to minimize the total 

expected cost and order allocation to each supplier. 

Mafakheri et al. [12] proposed a two-step method for 

multi-criteria dynamic programming to determine 

supplier and order allocation. In the first stage, the 

analytical hierarchy process (AHP) was used for 



80 F. Javadi Gargari, M. Seifbarghy: Solving Multi-objective… 
________________________________________________________________________________________________________________________ 

 

ranking of suppliers; and in the second stage of 

assignment, an order was allocated to each supplier 

in a way that utility function was maximized and 

supply chain costs were minimized. Ozkok and 

Tiryaki [13] proposed a compensatory fuzzy model 

to solve the multi-objective linear selection problem 

using the Werner technique. Kamali et al. [14] 

proposed a multi-objective linear mixed integer 

programming (MIP) model for systems with buyers 

and multi-supplier under the general discount policy, 

using two metaheuristic algorithms due to the 

complexity. Mendoza and Ventura [15] used two 

nonlinear MIP models to select the best set of 

suppliers and assign the order value to each supplier. 

In the proposed models, the goal was to minimize the 

annual order quantity and keep inventory and 

purchase costs under the quality and capacity 

constraints of the supplier. Sepúlveda and Ivan [16] 

provided automated performance reasoning for the 

assessment of supplier performance in a supply chain 

and used the fuzzy process for supplier ranking. They 

considered three criteria including economy, service, 

and quality. Maden et al. [17] argued that in order to 

increase their competitive ability, organizations 

should standardize and improve their processes for 

supplying products with better quality and lower 

costs. They proposed a model with two goals of 

minimization of costs and maximization of 

efficiency. Pellegrino et al. [18] addressed the supply 

chain financing challenge by adopting the supply 

chain perspective and analyzed it with the 

effectiveness of supply chain risk management 

(SCRM) strategies. Hsieh and Chiu [19] attempted to 

improve the match between quality specifications 

(QS) and components of a supply chain. Zair et al 

[20] proposed a model based on the multi-objective 

optimization approach in which the costs of resources 

collaboration, the risks of this collaboration and 

quality of delivered services were examined. 

One of the issues which has not been addressed in the 

background research in this area is to consider 

supplier disruptions as one of the real-world realities. 

Supply chains are inherently dealing with risk. They 

pass raw materials and products from different paths 

and, in this way, work with different operations, 

goals, cultures, and structures so that they are able to 

distribute products all over the world. These risks to 

supply chains come from the external environment; 

for example, from earthquakes, storms, wars, terrorist 

attacks, disease outbreaks, rising prices, problems 

with partners, crime, technological changes, financial 

irregularities, changing rules and regulations, etc. 

[21]. Although the likelihood of a disruption is very 

low, recent events suggest that ignoring this issue 

during the design of a supply chain can cause 

irreparable damages. The dynamic and inaccurate 

nature of the quantity and quality of manufactured 

products has created a high degree of uncertainty and 

risk in supply chains; therefore, identifying these 

risks is of great importance [22]. Additionally, 

coordination in a supply chain can improve its 

performance (including those of manufacturers, 

suppliers of logistics, and independent retailers) and 

control its disruption [23]. Supplier selection and 

optimal quota allocation affects many conditions 

including the number of needed products and items, 

the number of selected suppliers for each product, the 

number of decision cycles, and the capacity of each 

supplier. Along with the conditions stated for 

choosing a supplier, the likelihood of disruption for 

real-world suppliers has made optimal decision-

making more difficult for managers. In fact, 

addressing supplier disruption can reduce and control 

costs of supply chain risks. 

In this paper, a mixed-integer programming (MIP) 

model under disruption is presented to determine 

quota allocation to each supplier; two types of 

supplier are considered in the model. Reliable 

suppliers and unreliable suppliers; reliable suppliers 

do not come across disruption in the operating period 

or they undertake all costs of probable disruptions 

while unreliable suppliers may come across 

disruption and may transfer the costs of disruptions 

to the buyer company. Considering the unstable 

world and needing to future studies in supply chain 

management, scenario-based stochastic 

programming method has been used to model the 

problem and tackle  the uncertainties. 

In the following section of this paper, notations are 

given and the problem is formulated. In Section 4, 

solution methods considering the stochastic version 

of the model are given. Then, in Section 5, numerical 

results and sensitivity analysis of the solution method 

are provided. Finally, a summary of the results and 

further research ideas are given in Section 6. 

 

3 Notation and problem formulation  
 

This paper presents a multi-objective model for 

supplier selection and for determining the optimal 

quota allocation to each supplier with regards to 

disruption of suppliers. Objective functions of the 

proposed model include minimizing transactions 

costs with suppliers and minimizing expected 

purchasing costs from suppliers, and minimizing 

expected percentages of delayed goods and returned 
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goods and finally maximizing the expected scores of 

suppliers [24]. Generally, two types of suppliers are 

defined with regards to the problem reliable suppliers 

and unreliable suppliers. If the buyer allocates a 

quota to a reliable supplier, he will 100 percent 

receive the quota; but if the buyer allocates a quota to 

an unreliable supplier, the addressed supplier may not 

meet the quota because of disruption.  In this case a 

backup supplier will satisfy the quota. The existence 

of backup suppliers for unreliable suppliers ensures 

buyer’s quota to be met, however, there will be costs 

of disruption for the buyer-suppliers supply chain. 

Here, notations are given in Table 1 and the 

mathematical model is given as in Equations (1) to 

(19). Assumptions of the problem are as follows: 

- Suppliers may be non-accessible because of 

disruption 

- Delay in providing each quota is allowed 

- Returning product to suppliers by customers 

is allowed 

- The problem is investigated in multiple 

periods  

- Each quota can be allocated to either  reliable 

suppliers or unreliable suppliers which are 

supported by reliable backup suppliers 

- There is no limitation in  the number of 

selected backup suppliers 

- Reliable suppliers do not need to be 

supported by backup suppliers 

 

Table 1 . Notations 

i: Reliable supplier index j: Product index 

k: Unreliable supplier index t: Time period index 

Parameters  

Djt: Demand of product j at period t Cijt: Capacity of reliable supplier i for supplying product 

j at period t 

Rk: Probability of disruption in unreliable supplier k CCkjt: Capacity of unreliable supplier k for supplying 

product j at period t 

Pijt: Unit price of product j given by reliable supplier i at 

period t 

aij: Transaction costs of providing product j via reliable 

supplier i 

PPkjt: Unit price of product j given by unreliable supplier 

k at period t  

aakj: Transaction costs of providing product j via 

unreliable supplier k 

wi: Score of reliable Supplier i based on periodical 

evaluation 

αijt: Binary parameter (equal to one if product j can be 

supplied by reliable supplier i at period t; otherwise, zero) 

wwk: Score of unreliable Supplier k based on periodical 

evaluation 

αα kjt: Binary parameter (equal to one if product j can be 

supplied by unreliable supplier k at period t; otherwise, 

zero) 

Qj: Maximum acceptable percentage of returned product 

j  

Tj: Maximum acceptable percentage of delays of product 

j 

qij: Percentage of returned product j to reliable supplier i  tij: Percentage of late delivered product j by reliable 

supplier i 

qqkj: Percentage of returned product j to unreliable 

supplier k 

ttkj: Percentage of late delivered product j by unreliable 

supplier k 

Variables  

X𝑖𝑗𝑡: Binary variable of selecting reliable supplier i for 

supplying product j at period t 

XXkjt: Binary variable of selecting unreliable supplier k for 

supplying product j at period t 

Yijt: Percentage of demand of product j met by reliable 

supplier i at period t as the main supplier 

YPkjt: Percentage of demand of product j met by unreliable 

supplier k at period t as the main supplier 

YBikjt: Percentage of  demand of product j met by reliable 

supplier i at period t as the backup of unreliable supplier k 

 

 
(1) Min 𝑍1 : ∑ ∑ ∑ ∑ (𝑎𝑖𝑗𝑋𝑖𝑗𝑡 + 𝑎𝑎𝐾𝑗𝑋𝑋𝐾𝑗𝑡)𝑡𝑗𝑘𝑖   

(2) Min 𝑍2 : ∑ ∑ ∑ ∑ (𝑝𝑖𝑗𝑡(𝑌𝑖𝑗𝑡 +  𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘))𝑡 + 𝑝𝑝𝑘𝑗𝑡  𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘))𝑗𝑘𝑖 )𝐷𝑗𝑡 

(3) Min 𝑍3 : ∑ ∑ ∑ ∑ (𝑞𝑖𝑗(𝑌𝑖𝑗𝑡 + 𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘))𝑡 + 𝑞𝑞𝑘𝑗  𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘))𝑗𝑘𝑖 )𝐷𝑗𝑡 

(4) Min 𝑍4 : ∑ ∑ ∑ ∑ (𝑡𝑖𝑗(𝑌𝑖𝑗𝑡 + 𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘))𝑡 + 𝑡𝑡𝑘𝑗  𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘))𝑗𝑘𝑖 )𝐷𝑗𝑡 

(5) Max 𝑍5 : ∑ ∑ ∑ ∑ (𝑤𝑖(𝑌𝑖𝑗𝑡 + 𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘))𝑡 + 𝑤𝑤𝑘  𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘))𝑗𝑘𝑖 )𝐷𝑗𝑡 
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Eq. (1) gives the first objective function which 

minimizes the total transaction cost of products. The 

transaction cost includes those fixed costs of 

establishing relations and cooperation with suppliers 

such as supplier selection, negotiations for 

contracting, inspection of goods,  quality control,  etc. 

Eq. (2) gives the second objective function which 

minimizes the expected total purchasing costs paid by 

the buyer to suppliers. Eq. (3) gives the third objective 

function in which the

 expected total percentage of returned products are 

minimized. This cost occurs when the supplier is unable 

to supply the customer demand with expected quality. Eq. 

(4) gives the fourth objective function which minimizes 

the expected total percentage of late delivered products. 

Eq. (5) gives the fifth objective function which maximizes 

the expected scores of the selected suppliers based on a 

conducted periodical evaluation.  

 Model constraints are given as in Eq. (6) to (19). 

 

 

(6) ∀ 𝑗, 𝑡 ∑ ∑  (𝑌𝑖𝑗𝑡 + 𝑌𝑃𝑘𝑗𝑡) = 1               𝑘𝑖   

(7) ∀𝑘, 𝑗, 𝑡   𝑌𝑃𝑘𝑗𝑡 − ∑ 𝑌𝐵𝑖𝑘𝑗𝑡𝑖 = 0                      

(8) ∀ 𝑗 ∑ ∑ ∑ (𝑞𝑖𝑗 (𝑌𝑖𝑗𝑡 + 𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘)) + 𝑞𝑞𝑘𝑗 𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘)) ≤ 𝑄𝑗         𝑡𝑘𝑖   

(9) ∀ 𝑗 ∑ ∑ ∑ (𝑡𝑖𝑗 (𝑌𝑖𝑗𝑡 + 𝑌𝐵𝑖𝑘𝑗𝑡(𝑅𝑘)) + 𝑡𝑡𝑘𝑗 𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘)) ≤ 𝑇𝑗    𝑡𝑘𝑖   

(10) ∀𝑖, 𝑗, 𝑡   (𝑌𝑖𝑗𝑡 + ∑ (𝑅𝑘)𝑘 𝑌𝐵𝑖𝑘𝑗𝑡 
) 𝐷𝑗𝑡  ≤ 𝐶𝑖𝑗𝑡  𝛼𝑖𝑗𝑡  

(11) ∀ 𝑘, 𝑗, 𝑡 𝑌𝑃𝑘𝑗𝑡(1 − 𝑅𝑘)𝐷𝑗𝑡 ≤ 𝐶𝐶𝑘𝑗𝑡 𝛼𝛼𝑘𝑗𝑡 

(12) ∀ 𝑘, 𝑗, 𝑡 𝑌𝑃𝑘𝑗𝑡 ≤ 𝑋𝑋𝑘𝑗𝑡        

(13) ∀ 𝑖, 𝑘, 𝑗, 𝑡 𝑌𝐵𝑖𝑘𝑗𝑡 ≤ 𝑋𝑖𝑗𝑡  

(14) ∀ 𝑖, 𝑗, 𝑡 𝑌𝑖𝑗𝑡 ≤ 𝑋𝑖𝑗𝑡   

(15) ∀ 𝑖, 𝑗, 𝑡     0 ≤ 𝑌𝑖𝑗𝑡 ≤ 1  

(16) ∀ 𝑘, 𝑗, 𝑡      0 ≤  𝑌𝑃𝑘𝑗𝑡 ≤ 1  

(17) ∀ 𝑖, 𝑘, 𝑗, 𝑡      0 ≤  𝑌𝐵𝑖𝑘𝑗𝑡 ≤ 1  

(18) ∀ 𝑖, 𝑗, 𝑡     𝑋𝑖𝑗𝑡  ∈ {0,1} 

(19) ∀ 𝑘, 𝑗, 𝑡     𝑋𝑋𝑘𝑗𝑡 ∈ {0,1}  

Constraint (6) refers to meeting the buyers demand for 

each product at each time period by the reliable or 

unreliable suppliers. Constraint (7) refers to equality of 

the percentage of satisfied demand by each unreliable 

suppliers and its backup suppliers. Constraint (8) 

guarantees that the total percentages of returned product 

for all periods and for each product do not exceed the 

maximum acceptable percentage of each product. 

Constraint (9) guarantees that the total percentages of late 

delivered product for all periods and for each products do 

not exceed the maximum acceptable percentage of each 

product. Constraints (10) and (11) control that the total 

products supplied by reliable and unreliable suppliers do 

not exceed their initial given capacities. Constraints (12), 

(13), and (14) controls that each supplier to be selected 

before to be allocated a quota. Constraints (15)-(19) 

indicate the given values of the decision variables of the 

model. Considering that there is not a unique optimum 

solution for multi-objective problems, adaptive optimal 

solutions are often considered tackling such problems. 

Multi-choice goal programming technique is a suitable 

approach to solve these problems. In the traditional goal 

programming, exact determination of the values for the 

goals is obligatory; but the decision-maker does not 

always have complete and accurate information about 

the goals, and about the importance of each goal. In this 

situation, most decisions are based on inaccurate 

information and data; thus, by introducing the theory of 

fuzzy sets, uncertainty has entered into traditional 

decision-making problems. In this paper, fuzzy multi-

choice goal programming is used to solve the problem. 

In this solving method, three goals (choices) are 

considered for each objective function. The model selects 

a value among these three given choices for each 

function so that the solution of all objective functions to 

be close to their optimal solutions. In this paper, a 

linearized model of this method is presented for the ease 

and accuracy in solving the problem [25]. The new 

notations introduced in the model as well as the 

linearized model of the fuzzy three-choice goal 

programming method are in accordance with Table 2 and 

relationships (20) to (30), respectively. Furthermore, 

Constraints (6) to (19) should be added to the model.
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Table 2. The Fuzzy three-choice goal programming model 

 Parameters 

 𝒅𝟏
− … 𝒅𝟏𝟐

−  : Maximum negative permissible deviation of 

each aspiration choice of the relevant objective function 

value 

 𝑔1̃ … 𝑔15̃  :  Considered fuzzy goal values for the five  

objective functions, respectively 

  𝒅𝟏𝟑
+ … 𝒅𝟏𝟓

+  : Maximum positive permissible deviation 

of each aspiration choice of the relevant objective 

function value 

𝑓1 . . 𝑓5  :The weights of the five  objective functions, 

respectively 

 Variables 

  µ𝟏 … µ𝟓: The membership function values of the five  

objective functions, respectively 

𝑣1 … 𝑣10 : Binary variable of aspiration choice 

𝑢1 … 𝑢5 : Continuous variables of aspiration choice 

 

 (20)  M𝑎𝑥 𝑧𝑡 = 𝑓1 µ1 + 𝑓2µ2 + 𝑓3µ3 + 𝑓4 µ4 + 𝑓5 µ5  

Eq. (20) refers to maximizing the membership 

function of each single objective function. 

 

 

 

(21)  µ1 ≤ 1 − (
𝑧1−𝑔1̃

𝑑1
− 𝑢1 +

𝑧1−𝑔2̃

𝑑2
− (𝑣1 − 𝑢1) +

𝑧1−𝑔3̃

𝑑3
− (𝑣2 − 𝑢1)    

(22)  µ2 ≤ 1 − (
𝑧2−𝑔4̃

𝑑4
− 𝑢2 +

𝑧2−𝑔5̃

𝑑5
− (𝑣3 − 𝑢2) +

𝑧2−𝑔6̃

𝑑6
− (𝑣4 − 𝑢2)    

(23)  µ3 ≤ 1 − (
𝑧3−𝑔7̃

𝑑7
− 𝑢3 +

𝑧3−𝑔8̃

𝑑7
− (𝑣5 − 𝑢3) +

𝑧3−𝑔9̃

𝑑9
− (𝑣6 − 𝑢3 )  

(24)  µ4 ≤ 1 − (
𝑧4−𝑔10̃

𝑑10
− 𝑢4 +

𝑧4−𝑔11̃

𝑑11
− (𝑣7 − 𝑢4) +

𝑧4−𝑔12̃

𝑑12
− (𝑣8 − 𝑢4)  

(25)  µ5 ≤ 1 − (
𝑔13̃−𝑧5

𝑑13
+ 𝑢5 +

𝑔14̃−𝑧5

𝑑14
+ (𝑣9 − 𝑢5) +

𝑔15̃−𝑧5

𝑑15
+ (𝑣10 − 𝑢5)  

(26)  𝑢1 ≤ {
𝑣1

𝑣2
 , 𝑢2 ≤ {

𝑣3

𝑣4
 , 𝑢3 ≤ {

𝑣5

𝑣6
 , 𝑢4 ≤ {

𝑣7

𝑣8
 , 𝑢5 ≤ {

𝑣9

𝑣10
 

(27)  𝑢1 ≥ 𝑣1 + 𝑣2 − 1 , 𝑢2 ≥ 𝑣3 + 𝑣4 − 1 , 𝑢3 ≥ 𝑣5 + 𝑣6 − 1, 𝑢4 ≥ 𝑣7 + 𝑣8 − 1 , 𝑢5 ≥ 𝑣9 + 𝑣10 − 1  

(28)   𝑢1 . . 𝑢5 ≥ 0 

(29)  𝑣1 . .  𝑣10 ∈ {0,1} 

(30)  µ1 . . µ5 ≥ 0 

Subject to Eq. (6)-(19) 

Relations (21) to (25) relate to controlling the 

membership function values of Z1 to Z5 which are due 

to minimizing Z1 to Z5; the maximum negative 

permissible deviation of each aspiration choice of the 

relevant objective function value are considered for 

the first four objective function because of 

minimizing their own values. At the same time, the 

maximum value of the positive deviation of 

aspiration choice of the relevant objective function 

value is considered for the fifth objective function 

because of maximizing its own value. Relationship 

(26) deals with the limitation of choosing the 

aspiration, which shows that in each function the 

model is allowed to select an aspiration. Relations 

(27) are the relations between the binary and 

continuous variables of the fuzzy goal programming 

method. Relationship (28) deals with  the 

linearization of the model. Relationships (29) and 

(30) represent the type and range of variables. 

 

4 Solution methods 
 

In this paper, an extensive SP approach is used to 

solve the problem. SP belongs to the more general 

category of uncertainty programming, which 

includes dynamic programming, decision trees, 

simulations, stochastic processes, and possible 

constraints. In the scenario-based programming 

method, stochastic quantities are considered to be 

stochastic variables. A scenario is an assumption 

about the future, which expresses the interaction 

between different factors under certain conditions. In 

fact, scenarios are a combination of stochastic 

parameters and a summary of different data modes in 

a few simple ways. Naturally, scenarios are created 

based on possible modes of the parameters. To model 

the problem, parameters with likelihood of 

uncertainties in the real world are considered to be 
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uncertain. Obviously, in the real world, unstable 

domestic and foreign economic conditions, foreign 

exchange market volatility, security situation, and 

etc., lead to volatile demand. Additionally, disasters 

like earthquakes, storms, fires, strikes by employees, 

etc. cause variability in the amount of supplier 

disruptions. In this paper, we considers two 

parameters of demand and disruption probability 

under different scenarios.  

Table 3 illustrates the definition of notations under 

scenario-based planning. It should be noted that only 

some variables are affected by scenario-based 

planning.  

Table 3 . The symbols of the scenario-based model 

i: Reliable supplier index j: Product index 

k: Unreliable supplier index t: Time period index 

S1: Scenario index for demand S2: Scenario index for disruption probabilities of 

unreliable suppliers 

e : The index of the combination of scenarios of demand 

and the disruption probabilities of unreliable suppliers  

 

parameters  

𝑫𝒋𝒕
𝒔𝟏: Demand of product j at period t under Scenario S1 Cijt: Capacity of reliable supplier i for supplying product 

j at period t 

𝑹𝒌
𝒔𝟐: Disruption probability of unreliable supplier k under 

Scenario S2 

CCkjt: Capacity of unreliable supplier k for supplying 

product j at period t 

Pijt: Unit price of product j given by reliable supplier i at 

period t 

aij: Transaction costs of providing product j via reliable 

supplier i 

PPkjt: Unit price of product j given by unreliable supplier k 

at period t  

aakj: Transaction costs of providing product j via 

unreliable supplier k 

wi: Score of  reliable Supplier i based on periodical 

evaluation 

αijt: Binary parameter (equal to one if product j can be 

supplied by reliable supplier i at period t; otherwise, 

zero) 

wwk: Score of  unreliable Supplier k based on periodical 

evaluation 

αα kjt: Binary parameter (equal to one if product j can be 

supplied by unreliable supplier k at period t; otherwise, 

zero) 

Qj: Maximum acceptable percentage of returned product j  Tj: Maximum acceptable percentage of delays of product 

j 

qij: Percentage of returned product j to reliable supplier i  tij: Percentage of late delivered product j by reliable 

supplier i 

qqkj: Percentage of returned product j to unreliable supplier 

k 

ttkj: Percentage of late delivered product j by unreliable 

supplier k 

Variables  

X𝑖𝑗𝑡: Binary variable of selecting reliable supplier i for 

supplying product j at period t 

XXkjt: Binary variable of selecting unreliable supplier k 

for supplying product j at period t 

Ye
ijt: Percentage of demand of product j met by reliable 

supplier i at period t as the main supplier under senario e 

YPe
kjt: Percentage of demand of product j met by 

unreliable supplier k at period t as the main supplier 

under scenario e 

YBe
ikjt Percentage of  demand of product j met by reliable 

supplier i at period t as the backup of unreliable supplier 

under scenario e 

 

 

(31)   Min   𝑍1 ∶  ∑ ∑ ∑ ∑ (𝑎𝑖𝑗𝑋𝑖𝑗𝑡𝑡 + 𝑎𝑎𝑘𝑗 𝑗𝑘𝑖 𝑋𝑋𝑘𝑗𝑡) 

 (32) ∀𝑒  Min  𝑍2
𝑒 ∶  ∑ ∑ ∑ ∑ (𝑝𝑖𝑗𝑡(𝑌𝑖𝑗𝑡

𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 (𝑅𝑘

𝑠2))𝑡 + 𝑝𝑝𝑘𝑗𝑡   𝑌𝑃𝑘𝑗𝑡
𝑒 (1 − 𝑅𝑘

𝑠2))𝑗𝑘𝑖 )𝐷𝑗𝑡
𝑠1 

 (33) ∀𝑒  Min  𝑍3
𝑒 ∶  ∑ ∑ ∑ ∑ (𝑞𝑖𝑗(𝑌𝑖𝑗𝑡

𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 (𝑅𝑘

𝑠2))𝑡 + 𝑞𝑞𝑘𝑗  𝑌𝑃𝑘𝑗𝑡
𝑒 (1 − 𝑅𝑘

𝑠2))𝑗𝑘𝑖 )𝐷𝑗𝑡
𝑠1 

 (34) ∀𝑒   Min  𝑍4
𝑒  ∶  ∑ ∑ ∑ ∑ (𝑡𝑖𝑗(𝑌𝑖𝑗𝑡

𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 (𝑅𝑘

𝑠2))𝑡 + 𝑡𝑡𝑘𝑗  𝑌𝑃𝑘𝑗𝑡
𝑒 (1 − 𝑅𝑘

𝑠2))𝑗𝑘𝑖 )𝐷𝑗𝑡
𝑠1 

 (35) ∀𝑒 Max 𝑍5
𝑒 ∶  ∑ ∑ ∑ ∑ (𝑤𝑖(𝑌𝑖𝑗𝑡

𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 (𝑅𝑘

𝑠2))𝑡 + 𝑤𝑤𝑘   𝑌𝑃𝑘𝑗𝑡
𝑒 (1 − 𝑅𝑘

𝑠2))𝑗𝑘𝑖 )𝐷𝑗𝑡
𝑠1 

 (36) ∀𝑗, 𝑡, 𝑒 ∑ ∑ (𝑌𝑖𝑗𝑡
𝑒 + 𝑌𝑃𝑘𝑗𝑡

𝑒 ) = 1      𝑘𝑖   

 (37) ∀𝑘, 𝑗, 𝑡, 𝑒 𝑌𝑃𝑘𝑗𝑡
𝑒 − ∑ 𝑌𝐵𝑖𝑘𝑗𝑡

𝑒
𝑖 = 0    
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 (38) ∀ 𝑗, 𝑒  ∑ ∑ ∑ (𝑞𝑖𝑗 (𝑌𝑖𝑗𝑡
𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡

𝑒 (𝑅𝑘
𝑠2)) + 𝑞𝑞𝑘𝑗 𝑌𝑃𝑘𝑗𝑡

𝑒 (1 − 𝑅𝑘
𝑠2)) ≤ 𝑄𝑗  𝑡𝑘𝑖   

 (39) ∀ 𝑗, 𝑒  ∑ ∑ ∑ (𝑡𝑖𝑗 (𝑌𝑖𝑗𝑡
𝑒 + 𝑌𝐵𝑖𝑘𝑗𝑡

𝑒 (𝑅𝑘
𝑠2)) + 𝑡𝑡𝑘𝑗 𝑌𝑃𝑘𝑗𝑡

𝑒 (1 − 𝑅𝑘
𝑠2)) ≤ 𝑇𝑗  𝑡𝑘𝑖   

 (40) ∀ 𝑖, 𝑗, 𝑡, 𝑒  (𝑌𝑖𝑗𝑡
𝑒 + ∑ (𝑅𝑘

𝑠2)𝑘 𝑌𝐵𝑖𝑘𝑗𝑡
𝑒

 
) 𝐷𝑗𝑡

𝑠1 ≤ 𝐶𝑖𝑗𝑡   𝛼𝑖𝑗𝑡  

 (41) ∀ 𝑘, 𝑗, 𝑡, 𝑒           𝑌𝑃𝑘𝑗𝑡
𝑒 (1 − 𝑅𝑘

𝑠2)𝐷𝑗𝑡
𝑠1  ≤ 𝐶𝐶𝑘𝑗𝑡   𝛼𝛼𝑘𝑗𝑡  

 (42) ∀ 𝑗, 𝑡, 𝑘, 𝑒    𝑌𝑃𝑘𝑗𝑡
𝑒 ≤ 𝑋𝑋𝑘𝑗𝑡  

 (43) ∀ 𝑖, 𝑗, 𝑘, 𝑡,e    𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 ≤ 𝑋𝑖𝑗𝑡  

 (44) ∀ 𝑖, 𝑗, 𝑡, 𝑒   𝑌𝑖𝑗𝑡
𝑒 ≤ 𝑋𝑖𝑗𝑡  

 (45) ∀ 𝑖, 𝑗, 𝑡,e 0 ≤ 𝑌𝑖𝑗𝑡
𝑒 ≤ 1  

 (46) ∀ 𝑘, 𝑗, 𝑡, 𝑒 0 ≤  𝑌𝑃𝑘𝑗𝑡
𝑒 ≤ 1  

 (47) ∀ 𝑖, 𝑘, 𝑗, 𝑡,e 0 ≤  𝑌𝐵𝑖𝑘𝑗𝑡
𝑒 ≤ 1  

 Subject to Eq. (18)-(19) 

Explanation of all equations is similar to their 

corresponding equations from (1) to (19) with the 

difference being that the given model is based on the 

combination of scenarios of demand and disruption 

probabilities. As a result, four combined modes are 

obtained when both supplier disruption probabilities 

and demand values are considered. In general, a 

fuzzy multi-choice goal programming method is used 

along with the definitive model; the difference is that 

this model is repeated for all combinations and 

because there is no possibility of simultaneous 

occurrence of all combinations, the probability of 

occurrence of each combination of scenarios mode is 

considered in the model. Notations and the fuzzy 

three-choice goal programming model for extensive 

SP is given in Table 4. The corresponding 

mathematical model is given as in (48) to (58) 

considering (36)-(47) and (18)-(19).

Table 4. The Fuzzy three-choice goal programming model for making scenario 

 Parameters 

 𝒅𝟏
− … 𝒅𝟑

−  : Maximum negative permissible deviation of 

each aspiration choice of the first objective function 

value 

 𝑔1̃ … 𝑔3̃  :  Considered three fuzzy goal values for the 

first  objective function 

  𝒅𝟒
− 𝒆 … 𝒅𝟏𝟐

− 𝒆: Maximum negative permissible deviation 

of each aspiration choice of the second, third and fourth 

objective function values in any combination 

𝑔̃3
𝑒 … 𝑔̃15

𝑒  Considered fuzzy goal values for the  objective 

functions 2,3,4 and 5, respectively 

 𝒅𝟏𝟑
+ 𝒆 … 𝒅𝟏𝟓

+ 𝒆: Maximum positive permissible deviation 

of each aspiration choice of the fifth objective function 

value in any combination 

ρ𝑒: The probability of occurrence of any combination 

mode of demand and disruption probability 

 Variables 

  µ𝟏 , µ𝟐
𝐞 … µ𝟓

𝐞: The membership function values of the 

five  objective functions, respectively 

𝑣1 , 𝑣2 , 𝑣3
𝑒 … 𝑣10

𝑒 : Binary Variable of aspiration choice 

in any combination mode of demand and disruption 

probability 

𝑢1 , 𝑢𝟐
𝒆 . . 𝑢5

𝑒: Continuous variables of aspiration choice 

in any combination mode of demand and disruption 

probability 

 

(48)  m𝑎𝑥 𝑧𝑡 :  𝑓1 µ1  + ∑  ρ𝑒(𝑓2µ𝟐
𝒆 + 𝑓3µ𝟑

𝒆 + 𝑓4 µ𝟒
𝒆 + 𝑓5 µ𝟓

𝒆) 𝑒   

 

 (49)  µ1 ≤ 1 − (
𝑍1 −𝑔1̃ 

𝒅𝟏
− 

𝑢1 +
𝑍1 −𝑔2̃

𝒅𝟐
− (𝑣1 − 𝑢1 ) +

𝑍1 −𝑔3̃

𝒅𝟑
− (𝑣2 − 𝑢1 )    

 (50) ∀𝑒  µ2
𝑒 ≤ 1 − (

𝑧2
𝑒−𝑔̃4

𝑒 

𝑑4
− 𝑒 

𝑢2
𝑒 +

𝑧2
𝑒−𝑔̃5

𝑒

𝑑5
− 𝑒 (𝑣3

𝑒 − 𝑢2
𝑒) +

𝑧2
𝑒−𝑔̃6

𝑒

𝑑6
− 𝑒 (𝑣4

𝑒 − 𝑢2
𝑒)    

 (51) ∀𝑒  µ3
𝑒 ≤ 1 − (

𝑧3
𝑒−𝑔̃7

𝑒 

𝑑7
− 𝑒 

𝑢3
𝑒 +

𝑧3
𝑒−𝑔̃8

𝑒

𝑑8
− 𝑒 ( 𝑣5

𝑒 − 𝑢3
𝑒) +

𝑧3
𝑒−𝑔̃9

𝑒

𝑑9
− 𝑒 ( 𝑣6

𝑒 − 𝑢3
𝑒 )  
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 (52) ∀𝑒   µ4
𝑒 ≤ 1 − (

𝑧4
𝑒−𝑔̃10

𝑒  

𝑑10
− 𝑒 

𝑢4
𝑒 +

𝑧4
𝑒−𝑔̃10

𝑒  

𝑑10
− 𝑒 

( 𝑣7
𝑒 − 𝑢4

𝑒) +
𝑧4

𝑒−𝑔̃10
𝑒  

𝑑10
− 𝑒 

( 𝑣8
𝑒 − 𝑢4

𝑒)  

 (53) ∀𝑒 µ5
𝑒 ≤ 1 − (

𝑔̃13
𝑒 − 𝑧5

𝑒

𝑑13
+ 𝑒 

𝑢5
𝑒 +

𝑔̃13
𝑒 − 𝑧5

𝑒

𝑑13
+ 𝑒 

( 𝑣9
𝑒 − 𝑢5

𝑒) +
𝑔̃13

𝑒 − 𝑧5
𝑒

𝑑13
+ 𝑒 

( 𝑣10
𝑒 − 𝑢5

𝑒)  

 (54) ∀𝑒 
𝑢1 ≤ {

𝑣1 

𝑣2 
 , 𝑢𝟐

𝒆 ≤ {
𝑣3

𝑒

𝑣4
𝑒  , 𝑢𝟑

𝒆 ≤ {
𝑣5

𝑒

𝑣6
𝑒  , 𝑢𝟒

𝒆 ≤ {
𝑣7

𝑒

𝑣8
𝑒  , 𝑢𝟓

𝒆 ≤ {
𝑣9

𝑒

𝑣10
𝑒  

 (55) ∀𝑒 𝑢1 ≥ 𝑣1 + 𝑣2 − 1 , 𝑢2
𝑒 ≥  𝑣3

𝑒 +  𝑣4
𝑒 − 1 , 𝑢3

𝑒 ≥  𝑣5
𝑒 +  𝑣6

𝑒 − 1,       
 𝑢4

𝑒 ≥  𝑣7
𝑒 +  𝑣8

𝑒 − 1 , 𝑢5
𝑒 ≥  𝑣9

𝑒 +  𝑣10
𝑒 − 1   

 (56) ∀𝑒  𝑢1 , 𝑢𝟐
𝒆 . . 𝑢5

𝑒 ≥ 0 
 (57) ∀𝑒 𝑣1 , 𝑣2 , 𝑣𝟑

𝒆 . . 𝑣𝟏𝟎
𝒆 ∈ {0,1}  

 (58) ∀𝑒 µ1 , µ𝟐
𝒆  . . µ𝟓

𝒆 ≥ 0  
Subject to Eq. (18)-(19) and (36)-(47)                                                                                                                                       

In the next section, the numerical example of the 

stated method is given and analyzed.  

 

5 Numerical results and sensitivity analysis 
 

In this section, several numerical examples are 

designed and solved; furthermore, the numerical 

results are compared and analyzed. In each example, 

two scenarios are considered for each parameter of 

demand and supplier disruptions probability. Two 

low and high values scenarios are considered for the 

demand and disruption probability of suppliers; 

Combination of the addressed scenarios are 

considered. The first combination refers to the 

condition in which the demand and the probability of 

supplier disruptions have the low values. The second 

combination refers to the condition in which the 

demand has its low value while the probability of 

supplier disruptions has its high value. The third 

combination refers to the condition in which the 

demand has its high value and the probability of 

supplier disruptions has its low value. The fourth 

combination refers to the condition in which the 

demand and the probability of supplier disruptions 

have the high values. Each numerical example is 

solved considering the four aforementioned scenarios 

together with the extensive SP approach. In fact each 

numerical examples is solved in five cases. In the first 

case, each numerical example is solved considering 

the first combination and the values of the objective 

functions are obtained. Solving the numerical 

example and obtaining the solutions, independent 

variables of other combinations are specified. The 

obtained independent variables from this solution are 

considered as constant values and are given to the 

numerical example; then, the numerical example is 

solved considering the second combination, the third 

combination and fourth combination, separately; the 

values of the objective functions are obtained for 

each case. Finally, the average of the results is 

computed. For the second, third, and fourth cases, the 

given process is repeated considering the second, 

third, and fourth combinations as the core. Finally, 

the fifth case refers to the simultaneous solution of all 

of the four combinations in an integrated model using 

baseline scenario modeling (i.e. extensive 

programming). 

It is noted that the CPLEX Optimization solver is 

used to solve these examples. A few numerical 

problems have been designed that the first example 

was designed as a basic example; other examples are 

generated by changing the values of some 

parameters. In all given examples, values of the first 

choice of aspirations are considered based on the 

optimal values of the single function, and the second 

and third choices for aspirations are considered with 

10% and 20% variation, respectively, as compared to 

the optimal value (increase for minimization and 

decrease for maximization functions). The maximum 

negative and positive deviations of each choice are 

also determined by experts. In the basic example, wi 

and wwk are assumed to be in the interval [10, 50], 

which can be obtained using the well-known AHP or 

TOPSIS methods [26]. Cijt and CCkjt as capacities of 

suppliers are are assumed to be in the interval [80, 

200]. Pijt get values in the interval [100, 50] and ppkjt 

in the interval  [20, 50]. Values of aij and aakj are 

assumed to be in the interval  [20, 50]. Tj and Qj for 

all products can get values in the interval [0.1, 0.3]. 

Additionally, values of qqkj, qij, tij, and ttkj have a 

small amount in the range of [0, 0.1]. Weights of 

objective functions for the basic problem are 

assumed to be identical, i.e. f1= f2= f3= f4= f 5= 0.2. 

Table 5 gives the exact values of demand and the 

probability of supplier disruption with regard to the 

scenarios. 
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Table 5. Demand and supplier’s disruption values in 

example 1 (basic example) 

Demand values  

t=3 t=2 t=1 2
jtD  t=3 t=2 t=1 1

jtD 

350 200 250 j=1 158 100 150 j=1 

400 500 450 j=2 70 80 100 j=2 

  Supplier disruption probability   

  k=4 K=3 K=2 K=1    

  0.05 0.10 0.20 0.17 𝑅𝑘
1   

  0.35 0.25 0.38 0.30 𝑅𝑘
2   

 

In the second example, the values of supplier 

disruption probabilities are varied as in Table 6, and 

the rest of the parameters are in accordance with 

Example1. 

 

Table 6. Supplier disruption probabilities in example 

2 

k=4 k=3 K=2 k=1  

0.15 0.12 0.09 0.13 𝑅𝑘
1 

0.45 0.20 0.25 0.28 𝑅𝑘
2 

 

In the third example, aij and aakj vary in the interval 

[70, 100]; wi and wwk vary in the interval [60, 90]. 

The rest of the parameters are as in Example 1. 

In the fourth numerical example, different values for 

the demand are considered in accordance with Table 

7.  

Table 7. Demand values in accordance with scenario 

example 4 

Demand values  

t=3 t=2 t=1 2
jtD  t=3 t=2 t=1 1

jtD 

350 630 920 j=1 230 100 250 j=1 

190 75 240 j=2 70 80 110 j=2 

 

In the fifth example, qqkj, qij, tij, and ttkj get values in 

the interval [0.1, 0.25]; Tj and Qj for all products get 

values in the interval [0.2, 0.5]. Other parameters are 

as in Example 1. 

In the sixth example, pijt gets values in the interval 

[100, 300] and ppkjt in the interval [60, 150]. The rest 

of the parameters are as in Example 1. 

In the seventh example, aakj and cckjt get values in the 

intervals [110, 150] and [250, 400], respectively. The 

rest of the parameters are as in Example 1. 

In the eighth to fourteenth examples, the values of 

parameters from Examples (1) to (6) are repeated in 

turn with the difference that the weights of the 

objective functions in the main objective function is 

the sequel discusses the exploration and analysis of 

the values of objective functions in the examples. In 

the extensive SP (simultaneous solving of the 

combinations) using the scenario-based model, the 

probability of a combination of scenarios is 

considered equal to 0.25 (i. e. 𝜌1 = 𝜌2 = 𝜌3 = 𝜌4 =
0.25).  

Table 8 gives the results of objective functions for 

each numerical examples. 

Table 8. Objective function values of numerical examples1–14 for different cases 

Fifth case (based 

on the  extensive 

stochastic 

programming 

model)  

Fourth case 

(fourth  

combination 

mode) 

Third case 

(third  

combination 

mode) 

Second case 

(second  

combination 

mode) 

First case 

(first 

combination 

mode) 

NO 

0.82 0.72 0.73 0.67 0.67 1 

0.89 0.43 0.56 0.63 0.52 2 

0.76 0.62 0.58 0.56 0.56 3 

0.71 0.41 0.48 0.43 0.51 4 

0.92 0.66 0.64 0.66 0.68 5 

0.89 0.74 0.52 0.64 0.56 6 

0.88 0.50 0.58 0.52 0.56 7 

0.77 0.50 0.52 0.56 0.51 8 

0.78 0.43 0.42 0.57 0.64 9 

0.97 0.71 0.71 0.79 0.62 10 

0.91 0.60 0.62 0.62 0.60 11 

0.85 0.64 0.55 0.58 0.62 12 

0.72 0.48 0.47 0.51 0.49 13 

0.77 0.56 0.45 0.66 0.51 14 

0.83 0.57 0.56 0.60 0.53 Mean 
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With regards to the values of objective functions in 

all examples and the average of the results of all 

examples, it is clear that the value of the obtained 

general objective function through an extensive SP 

method is significantly different from the average 

value of the individual solutions of each combination 

in the first four cases. In all examples, it is clear that 

if the model is solved with the values of each scenario 

individually using a definitive model, the value of the 

objective function is less than the solution of the 

model rather than the extensive SP method. This 

difference signifies the importance and positive 

impact of the extensive SP method. In fact, under  the 

condition that all real-world conditions are identified 

(such as economic situation, internal and external 

security, fluctuations in currency market, and sudden 

natural disasters) and all possible scenarios for 

demand and disruption probability values can be 

predicted, the costs of imposed disruption to a supply 

chain can be minimized through using the extensive 

SP method.  

Additionally, the uncertain mode of supplier 

disruption probability brings the model closer to the 

real-world model. The simultaneous combination of 

the uncertain state of the demand parameter and the 

possibility of supplier disruption matches the model 

entirely with the real-world situations.  

 

6 Conclusions and further research ideas  
 

In this paper, supplier quota allocation problem based 

on five objective functions including minimizing 

total transaction costs, total purchasing costs, total 

percentages of late delivered products, total 

percentages of returned goods, and maximizing total 

evaluation scores of suppliers was studied. A definite 

model and an extensive scenario-based SP model of 

the problem were presented. We used fuzzy multi-

choice goal programming approach to solve the 

multi-objective problem. Due to the linearity of the 

model, CPLEX Optimization solver was used; then, 

a few numerical examples were designed and solved 

using the single solution method for each 

combination and the extensive SP method.  Finally 

the obtained results were compared and analyzed. 

Although there are many deterministic models with 

thousands of variables and constraints, the results of 

these models are not accepted by managers due to not 

considering real world uncertainties. A scenario-

based stochastic programming (SP) method is able to 

consider different scenarios for uncertain parameters, 

which have significant effects in supply chain 

operation. In this paper, the parameters of customer 

demand and supplier disruption probabilities were 

considered to be uncertain. Combination of different 

scenarios were considered in this regard. These 

results are quite clear in the numerical examples. 

Having several opposite objective functions in the 

basic model, the multi-choice fuzzy goal 

programming method was applied in order to make 

the results closer to the real-world situations.  

As further researches in this area, it is possible to use 

multi-objective meta-heuristic algorithms and multi-

criteria decision-making methods for selecting 

suppliers. This can also be achieved through 

quantifying other benefits of a supply chain and 

taking into account these benefits in the objective 

function for a win-win position. Other extensions can 

be considering various types of supply risks in the 

model.  
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