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ABSTRACT  
 

This paper determines a procurement strategy where demand over a finite planning horizon is uncertain. Demand 

variations make forecasting and inventory management more difficult and tend to increase inventory levels which 

emphasis on proper procurement strategy. Here procurement strategy is developed by considering limited 

approved suppliers and multiple products. It is assumed that the suppliers are approved for the case with limited 

capacity but not free from imperfect quality. Defective items from supplier are sold at a discounted lower price. 

Some critical parameters for determining optimal procurement strategies like maximum storage space for the 

buyer, standard deviation of lead time demand and the corresponding product dependent compensation cost for 

imperfect quality are also considered here where an order is placed on a supplier depend on transaction cost for 

each period. Here shortage or backordering is not allowed. To make such problems realistic, the triangular 

possibility distribution of fuzzy numbers and the concept of minimum accepted level method are employed to 

formulate the problem. The whole mathematical model is structured and represented as linear programming model 

and was solved by an efficient meta-heuristic algorithm (Genetic Algorithm). Some computational studies were 

also carried on to prove its acceptance in the real world. 
 

Key words: Procurement strategy, Inventory control, Genetic Algorithm, integer linear programming and Supplier 

Selection 

_____________________________________________________________________________________ 
 

INTRODUCTION 
 

Under the age of globalization and competitive business environment organizations are focused on outsourcing 

strategies to implement procurement and vendor operating policies with the production capacity that not only 

smooth out material and/or service flows but also reduce manufacturing costs and improve quality and customer 

service performances. Again create long-term buyer/seller partnerships, Grossman et al [1] and Chen et al [2]. 
 

Today, procurement plays far more strategic and important role as it used to a few decades ago because of diverse 

factors. Procurement strategy, supplier selection and inventory control largely depends on each other to optimize 

related system. Among others, supplier selection under procurement strategy combined with inventory 

management is a central problem of any organization with a remarkable amount of relative work in literature. 

Supplier’s performance has a key role on cost, quality, delivery and service in achieving the objectives of a supply 

chain.  
 

Anupindi and Akella [3] were the first to analyse a multi-period procurement problem with two suppliers, 

however, assuming that any order is either delivered completely without any yield loss, or not at all. After that 

many researches paper have been focused on procurement strategy. The normal procurement strategy mainly 

focused on the lowest unit prices for obtaining the products. As a result, it trade-offs of poor quality, ignore 

delivery performance, and the other problems have been buffered by inventory stock, quality control personnel. 

Again multiple vendors are considered with short-term interests without approval by company policy [4]. In that 

regards many researchers showed that now a day’s firms have been attempting to achieve greater collaborative 

advantages with their supply chain partners in the past few decades, and that supply chain collaborative advantages 

have a bottom-line influence on firm performance [5]. Much researcher emphasis on the importance of 
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procurement cost. Gencer and Gurpinar [6] pointed out that the cost of purchased goods and services accounts for 

more than 60% of the cost of goods sold, and over 50% of all quality defects can be traced back to purchase 

material. Weber and Current [7] stated that in high-technology industries, material purchased externally can 

represent up to 80% of total product cost. As a result, it is vital to reduce such purchasing costs to a minimum. 
 

The supplier selection is often done by multi-criteria decision- making (MCDM) and QFD process where decision 

maker influences the conflicting criteria (Aissaoui et al., [8], Talluri et al. [9] and Bevilacqua et al. [10]). But 

sometimes this type of evaluation could not found optimal result. Systems with an arbitrary set of suppliers have 

been analyzed only by Agrawal and Nahmias [11] Dada et al. [12] and Federgruen et al., [13] and only in a single-

period setting. Federgruen et al. [13] derive an efficient algorithm to determine the optimal set of suppliers and 

order quantities in a single-period setting. Nagali et al. [14] published a paper on Procurement Risk Measurement 

framework that “enables the simultaneous measurement and management of multi-period and correlated demand, 

cost, and availability uncertainties. Again ecological, social and economic sustainability of business for many 

organizations is of important issue now a day. Therefore, sustainability oriented procurement is recognized as an 

important contributor for alignment of internal and external factors and the enabler of sustainable development of 

business (Walker and Jones [15].  At the same time Ronchi et al [16] emphasis on IT based e-procurement system. 

Extensions on lot–sizing with supplier selection for multi–period and multi–product cases have been studied, along 

with cases with limited capacities on suppliers (Basnet et al. [17] and Hassini [18].  In procurement system 

checking of defective item and maintaining another inventory policy is required. The defective items were sold at a 

discounted price after screening. This paper has been extended a number of times recently, for example by Wee et 

al. [19], Maddah and Jaber [20] and Khan et al. [21]. Benson [22] presented a paper on this issue by introducing 

capacities for the suppliers, considered a supply chain with multiple suppliers. Many paper presented on this regard 

that incorporates defective items from the vendor for a vendor-retailer supply chain [23]. Rezaei et al, [24] were 

proposed a model refers to the problem of lot sizing with supplier selection, considering crucial concepts such as 

imperfect items and limited storage capacity but did not consider uncertainty. At the same time, they consider 

100% inspection of lot. 
 

On this regard, researchers have used various technique and algorithm to solve the procurement problem. Genetic 

algorithm (GA), replicates the mechanism of biological evolution and natural selection process is a popular global 

search meta-heuristic algorithm for solving complex optimization problem invented by Holland [25]. The fittest 

individuals have the highest chance of survival is the base of the GA. 
 

The problem that was formulated by Rezaei et al., [24] was highly constrained mixed–integer optimization it was 

solved by deterministic and a stochastic approach.  Multi-period models also offer the opportunity to change 

suppliers for a product from one period to the next. Several researchers also use GA and other heuristic algorithm 

for inventory decision. Again fuzzy programming and goal programming also have been used on this regard Jadidi 

et al. [26]. Wang & Yang [27] propose a fuzzy model for supplier selection in quantity discount environments. 

Jolai et al [28] presented a paper on integrating fuzzy TOPSIS and multi-period goal programming for purchasing 

multiple products from multiple suppliers.   
 

In this paper, a multi-item inventory model is discussed having demand uncertainty/lumpiness as well as imperfect 

quality items. The demand uncertainty is expressed in terms of the demand variation in the lead time which 

eventually causes the cost of compensation for the organization concerned. Later, a way for determining optimal 

procuring quantities from supplier along with the selection of suppliers in a particular period is formulated as an 

integer programming model. Then the model is solved with Genetic Algorithm. 

 

PROBLEM FORMULATION 

 

Following the aforementioned assumptions, Rezaei et al., [24] developed a mathematical model that refers to the 

scenario of supply chain with multiple products and multiple suppliers, all of which have limited capacity that 

shown in (Fig. 1). The demand over a finite planning horizon is also known and an optimal procurement strategy for 

this multi–period horizon is to be determined without considering compensation cost for non-conformance of lead 

time demands. But here demand over a finite planning horizon is considered uncertain and triangular fuzzy numbers 

and the concept of minimum accepted level method are employed to incorporate these uncertainties with respect to 

the satisfaction level of decision maker.  The minimum accepted level of decision maker is normally considered to 

0.5 but in real world case it would be above or below the limit.  
 

ASSUMPTIONS & NOTATIONS 
 

Some assumptions & notations are adopted to develop the model- 

Tj Transaction cost for supplier j does not depend on the variety and quantity of products involved 
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Hi Holding cost of product i per period is product-dependent 

Dit Demand of product i in period t is known over a planning horizon 

βij Each lot of product i received from supplier j contains an average percentage of defective items 

pij Purchasing price of product i from supplier j 

γgi Good-quality items i have a selling price per unit 

γdi Discounted price of defective items i are sold as a single batch 

vi screening cost of product i,  

W Available total storage space 

wi Product i needs a storage space 

L Standard deviation of demand during lead time 

Ci Corresponding compensation cost for this variation is considered to be of product i 

The assumptions are 

 100% screening process of the lot is conducted. 

 The received items are not free from imperfect quality and these imperfect quality items kept in stock and 

sold before to the next at lower discounted price. 

 Each of the suppliers approved by the organization has a limited capacity. 

 Shortage or backordering is not allowed. 

 Also γgi>γdi 

 

 
 

Fig. 1Behavior of the model in period t 

 

MODEL DESCRIPTION: MIXED INTEGER LINEAR PROGRAMMING MODEL 
 

Here a single objective mixed integer programming model is formulated to represent multi-product, multi-supplier 

procurement strategy and multi-time period with compensation. A product-dependent compensation cost is 

incorporated for each type of product due to the variation of demand during lead time. It is assumed that the 

products or materials that would be purchased from the supplier are all not free from imperfect quality. That means 

some of them may be of imperfect quality that would require another inventory situation to manage. These 

nonconforming items will be sold at a lower discounted rate. In Fig.1, it is shown that each of the suppliers is 

providing each of the products. That is each of the products can be sourced from a number of approved suppliers. 

After receiving the products, screening takes place to sort out the imperfect quality items. Then production is carried 

out and demand is fulfilled with the inventories of currently produced ones along with the inventories from the 

previous period.  Eventually, the unsold items remain in the inventory for use in next period. However, when an 

order is placed, a supplier– dependent transaction cost is considered as the main criteria to select that supplier along 

with the lead time variation. The lead time variation is considered to incorporate a product–dependent holding cost 

per period for each product in the inventory for the planning horizon.  

 

Objective Function 

It consists of the sum of the revenues of selling good quality & imperfect products and compensation cost received 

from the supplier, subtracting the purchase cost of the products, the transaction cost for the suppliers, the screening 

cost of the products and the holding cost for the remaining inventory at each time period. From the objective 

function it seen that the first three term consist total revenue. The next part consists total cost of the problem. Here 
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‘~’ represent the fuzziness of the corresponding number and this fuzziness is tackled by fuzzy ranking method 

proposed by Liau and Wang 1992. Obviously, since the problem is defined as maximization, the negative of the 

objective function defines the corresponding minimization task. The parameters yjt are binary and they are defined as 

yjt = 1 if an order is placed to supplier j at time period t, while yjt = 0 otherwise. At the same time compensation cost 

regarding to the deviation of lead time. Assuming that i denote the product, j denotes the supplier and t denotes the 

time period, the required quantity is denoted as λijt. Also a maximum available storage capacity at each period is 

considered. In order to maximize the total profit, the decision maker needs to decide about the type and number 

products to order along with the suppliers to be selected to the corresponding time periods. The problem is to find 

the number of product i ordered from supplier j in period t so as to maximize the total profit function subject to 

restrictions and boundary conditions. 
 

𝑀𝑎𝑥𝑝𝑟𝑜𝑓𝑖𝑡 = [∑ ∑ ∑ λijt(1 − βij)γgitji +  ∑ ∑ ∑ λijtβijγdit + ∑ ∑ ∑ λijtσLCitjiji − {∑ ∑ ∑ λijtpijtji + ∑ ∑ ∑ TjYijtji +

 ∑ ∑ ∑ λijtVitji + ∑ ∑ Hiti (∑ ∑ λijtj
k
t=1 (1 − βij) − ∑

1

2
[𝛼𝐷𝑖𝑡

𝑜 + 𝐷𝑖𝑡
𝑚 + (1 − 𝛼)𝐷𝑖𝑡

𝑝
]k

t=1 )}]                             (1) 

 

Constraints  

 Constraints on demand 

∑ ∑ λijtj
k
t=1 (1 − βij) − ∑

1

2
[𝛼𝐷𝑖𝑡

𝑜 + 𝐷𝑖𝑡
𝑚 + (1 − 𝛼)𝐷𝑖𝑡

𝑝
]k

t=1 ≥ 0,   𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑡            (2) 

 Constraints on supplier capacity 

 (∑
1

2
[𝛼𝐷𝑖𝑡

𝑜 + 𝐷𝑖𝑡
𝑚 + (1 − 𝛼)𝐷𝑖𝑡

𝑝
]k

t=1 ) Yjt − λijt(1 − βij) ≥ 0,      for all i, j, t             (3) 

 Warehouse space constraints 

 ∑ 𝑊𝑖𝑖 [∑ ∑ λijtj
k
t=1 (1 − βij) − ∑

1

2

k
t=1 (𝛼𝐷𝑖𝑡

𝑜 + 𝐷𝑖𝑡
𝑚 + (1 − 𝛼)𝐷𝑖𝑡

𝑝
)] ≤ W, for all t            (4) 

 Non negativity constraints on decision variables 

λ𝑖𝑗𝑡 ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗, 𝑡    𝑎𝑛𝑑  Yij = 0 𝑜𝑟 1                (5) 
 

The constraints (2) indicate that the demand for each time period can never be determined precisely because of the 

dynamic nature of market demand and supply. Here the symbol “~” is used to show fuzziness especially for fuzzy 

numbers. Using equation (6) this imprecise number is converted into crisp value. The required quantity of perfect 

quality item i, from the supplier j and the time period t is less than or equal to the demand of product i in period t is 

known over a planning horizon. The constraints (3) represents that each Suppliers have limited capacities and it is 

considered for uncertain demand. The constraint (4) represents that the available total storage space capacity is 

limited. 
 

Treatment of the Fuzzy Number 
 

In this work decision maker adopt the pattern of triangular possibility distribution to represent the fuzzy variables. 

The primary advantages of the triangular fuzzy number are the simplicity and flexibility of the fuzzy arithmetic 

operations (Liou et al., [29] and Rommelfanger [30]). In a real-life situation on can often estimate the maximum and 

minimum values, and the most likely outcome, even if he does not know the mean and standard deviation. The 

triangular distribution has a definite upper and lower limit, so one can avoid unwanted extreme values.  

 

 
 

Fig. 2 Triangular Membership function of 𝐷̃𝑖𝑡
𝛼

 

 

The fuzzy demand is  𝐷̃𝑖𝑡 =  𝐷𝑖𝑡
𝑝

, 𝐷𝑖𝑡
𝑚 , 𝐷𝑖𝑡

𝑜  
 

𝐷̃𝑖𝑡
𝛼

=  
1

2
[𝛼𝐷𝑖𝑡

𝑜 + 𝐷𝑖𝑡
𝑚 + (1 − 𝛼)𝐷𝑖𝑡

𝑝
]                                                                    (6) 

 

In the process of defuzzification, this work applies Liou et al., [29] approach for ranking fuzzy method to convert 

fuzzy number into a crisp number. If the minimum acceptable membership level α, corresponding auxiliary crisp of 

triangular fuzzy number of fuzzy demand given in equation (6) 
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In practical situations, the triangular distribution of D𝑖t may: (1) the most pessimistic value (𝐷𝑖𝑡
𝑝

) that has a very low 

likelihood; (2) the most likely value (𝐷𝑖𝑡
𝑚) that definitely belongs to the set of available values; and (3) the most 

optimistic value (𝐷𝑖𝑡
𝑜 ) that has a very low likelihood of belonging to the set of available values 

 

MODEL IMPLEMENTATION 

Case Description 

To solve the model and to observe how profit is maximized, data are collected from one of the reputed garment 

industries in Bangladesh namely Talisman Ltd. which is a sub-company of FCI group and it’s a UK-based company. 

Garments of different styles are usually produced by Talisman Ltd. each year. But considering all the styles will 

make the maximization problem more cumbersome and also the collection of such a huge data is quite arduous. 

Thus three particular styles namely Marianne jackets, Honey trousers and Helsinki shirts are taken into 

consideration. These products are supplied from each of the three suppliers i.e. New Global Tex, Zhejiang Zhonghai 

Printing & Dyeing Co. Ltd. and Suzhou Tianyuan.  
 

In this paper, result is actually representing the type and quantity of products to order, with which suppliers and in 

which periods. That means the result is associated with the variables λijt and Yjt. Thus for the two variables a nearly 

optimal outcome is reached such that it maximizes the profit. The MATLAB R2012a is used with genetic algorithm 

being the solver to solve the maximization problem.  
 

For that, the required data include demand, purchase price, transaction cost, average percentage of defective items, 

selling price of both the good & defective items, holding cost, screening cost, compensation cost for a variation in 

demand during lead time and warehouse space. Data of three products i.e. jackets, trousers, shirts are collected over 

a planning horizon of four periods. In this paper, data for only fabrics are considered since it incurs 95 % of the total 

cost. Demand in pieces of three products over four periods (Table 1). 
 

There are three suppliers and their prices and transaction cost are shown in tables 2 and average percentage of the 

defective items shown in table 3. In Table 4, selling price of good product i (γgi), selling price of defective product i 

(γdi), storage space of product i (Wi), holding cost of product i per period (Hi) and screening cost of product i(vi) are 

shown. 
Table -1 Demand in Pieces of Three Products Over Four Periods 

 

Products 
Planning horizon (periods in four quarters of a year) 

1st 2nd 3rd 4th 

Marianne  jackets 320,330,340 1575,1594,1620 325,357,375 1440,1461,1480 

Honey trousers 315,320,335 1965,1977,1900 1860,1886,1895 415,426,430 

 Helsinki shirts 390,405,420 1900,1925,1950 2690, 2712,2725 642,653,670 

 
Table -2 γgi, γdi, Ci, Hi, Vi, L, Wi for Three Products 

 

Parameter Products 

1 2 3 

Sgi $ 16.15 $ 12.5 $ 10 

Sdi $ 9.5 $ 6.8 $ 5.75 

Ci $ 0.80 $ 0.30 $ 0.10 

Hi $ 2.75 $ 2 $ 2.5 

Vi $ 0.20 $ .15 $ .18 

l 5 pcs 5 pcs 5 pcs 

Wi 28.14 m2 16 m2 20.6 m2 
 

Table -3 Average Percentage of Defective Items for Three 

Suppliers 
 

Products 
Average percentage of defective items 

1 2 3 

Marianne  jackets 13 15 16 

Honey trousers 12 11 14 

Helsinki shirts 14 13 10 

Total storage space, W = 3521.03 m2 
 

 

Table -4 Ordering Quantities for Marianne Jackets 
 

Jackets 

(i=1) 

Periods (t) 

1 2 3 4 

S
u

p
p

li
e
r

s 
(j

) 

1 9688 55 9 55 

2 13 151 29 20 

3 9935 181 8 23 
 

 

Table -5 Ordering Quantities for Honey Trousers 
 

Trousers 

(i=2) 

Periods (t) 

1 2 3 4 

S
u

p
p

li
er

 j
 1 27 108 100 70 

2 323 1576 25 9597 

3 21 6498 337 9930 
 

 

Table -6 Ordering Quantities for Helsinki Shirts 
 

Shirts 

(i=3) 

Periods (t) 

1 2 3 4 

S
u

p
p

li
er

s 

(j
) 

1 93 10001 139 9516 

2 122 9848 50 8169 

3 145 171 9963 24 
 

 

Table -7 Decision for the Selection of Suppliers 
 

Supplier Periods 

1 2 3 4 

1 0 1 0 1 

2 1 0 1 0 

3 1 1 0 0 
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RESULTS AND DISCUSSIONS 
 

In this section the numerical example of the above model is solved by using a Real Parameter Genetic Algorithm. At 

first fuzzy ranking method of defuzzification is used to convert fuzzy number into a crisp number. If the minimum 

acceptable membership level α = 0.5, then corresponding auxiliary crisp of triangular fuzzy number using equation 

(9) is used as crisp demand.  So, after running the problem in MATLAB software, the magnitudes of the variables 

λijt & Yjt are obtained. The nearly optimal values of ordering frequency (λijt) of the three products i.e. jackets (Table 

4), trousers (Table 5) and shirts (Table 6) from each of the three suppliers at each quarter of a year is summarized. 

As the model has been formulated with vague parameters, the decision maker may choose that solution which suits 

him best with respect to resources. At the same time the standard deviation of lead time demand and the percentage 

of defective item supplied by supplier are considered. 
 

Here uncertainty is incorporate to the analysis by the standard deviation of demand during lead time i.e. L.  For 5% 

standard deviation of demand during lead time i.e. L the corresponding result is obtained the genetic algorithm.  

Since the suppliers have limited capacities, thus the quantities that the supplier can provide are also restrained. 

Depending on that restriction, the decision of which supplier is selected (Yjt) in which quarter of a year that 

summarized in (Table 7). Also imperfect quality and compensation cost incorporated to the model to find the actual 

scenario of inventory control system.   
 

In the table, the binary values represent yes/no decisions. 1 for yes and 0 for no i.e. 1 means to select the supplier 

where 0 indicates those suppliers that should not be selected for particular period of a year. Thus order should be 

received from supplier 1 in periods 2 and 4, from supplier 2 in periods 1 and 3, from supplier 3 in periods 1 and 2.  

The objective function value for the concerned problem is 282518.85, which actually indicates the magnitude of 

annual profit of the concerned company. Thus the profit is determined to be $ 282518.85.  
 

For sensitivity analysis, the main parameter to be considered in this paper is the standard deviation of demand during 

lead time i.e. L which is the indicator of uncertain demand. So, by both increasing and decreasing the values of L 

will show how it has affected the result. For increased value of L (L=10 pcs) it is seen that the ordering quantities 

of each product has changed a lot. Not only that but also the supplier selection situation has also changed. The profit 

has decreased tremendously. For decreased value of L (L=1 pcs) it is seen that the ordering quantities of each 

product remain the same so do the supplier selection situation. The profit here has increased approximately by 42%. 

So, comparing the profit indicates that a little larger value of L can cause a great loss to the concerned organization 

while keeping it as lower as possible can enlarge the profit. Again if the minimum acceptable level is increased from 

0.5 to higher value that is if the decision maker wants to take risk on the basis of market demand then the result will 

have changed. 

 

CONCLUSIONS 
 

This paper gives emphasis on procurement strategy with multiple suppliers and multiple products under uncertain 

environment. Here multi-item vendor-buyer inventory control policy for items with imperfect quality and as a result 

of corresponding compensation cost is also considered here. The major aim is to provide a realistic platform for 

planning and controlling the inventory in supply chain and the selection of supplier for multi-products and multi 

periods. Then the above formulated mixed integer programming problem combined supplier selection with 

traditional inventory lot sizing, imperfect items and compensation cost for non-conformance. From this it is possible 

for the decision maker (DM) to decide appropriate suppliers from multiple approved suppliers and type and 

quantities products to order to the corresponding periods that matches with the real world condition. Fuzzy based 

Genetic approach is used to solve the problem.  
 

At the same time Genetic Algorithm is used to solve the problem but Fuzzy Logic solver or other heuristic 

approaches can also be used to solve the problem. Then a comparison can be made among the techniques. This study 

considers fabric cost of three products. So in future one may also consider accessories cost for as high number of 

products as possible. The 5 percent accessories cost can be considered. Then the result will be more optimal. This 

study considers fabric cost of three products. So in future one may also consider accessories cost for as high number 

of products as possible. 
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