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Abstract - This study focuses on a mixed (r, S) and periodic inventory policy in a multi-product two-echelon supply chain 
problem where the suppliers produce different items and store them in their warehouses. In the model which is considered to 
be mixed-integer binary nonlinear programming, shortages are not allowed and the demands follow a normal probability 
distribution. The suppliers’ warehouse capacity, production volume, and total available budget are restricted. The goal is to 
obtain the optimal order quantities placed by the buyers to the suppliers so that the total supply chain costs are minimized. 
While the model is considered to be NP-hard under some real-world constraints, a Fruit Fly Optimization (FFO) algorithm is 
improved to solve the problem. Some numerical examples are solved to evaluate the algorithm performance as well.  
 
Keywords - Mixed continuous and periodic review; inventory control problem; two-echelon supply chain; fruit fly 
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I. INTRODUCTION 
 
Nowadays, due to existing problems in 
manufacturing the products, uncertain environment in 
forecasting demands, restrictions in logistics of the 
items, and loading a plenty of products with different 
volumes, companies operating in the competitive 
markets have to use advanced approaches in their 
logistic systems to conquer big parts of their current 
market. To achieve this goal, the firms need to 
adequately apply the best inventory systems, 
transportation, and storage policies to enterprise their 
logistic networks to minimize the total costs of 
operations. The current work fills a gap in a real-
world situation of a two-echelon inventory-supply 
chain problem that involves some industrial 
limitations. 
 
Supply chain inventory control problem with several 
items and finite time horizon is a common subject 
investigated by many researchers in various 
industries. [1]studied an inventory lot-sizing problem 
with several products and multiple periods, in which 
the most appropriate suppliers were to be chosen. 
They used an approximation method to solve their 
problem. [2]presented a multi-product multi-period 
inventory model for a supply chain problem where a 
simulation approach was applied to resolve the 
problem. An inventory control problem with a 
number of products and finite time periods was 
conducted by [3] for a routing problem in which the 
products were transported by the trucks with a limited 
capacity from the suppliers to a plant. While the 
model was a mixed-integer linear programming, a 
standard solver (IBM ILOG CPLEX) was utilized to 
obtain the optimal solution to the problem. [4] dealt 
with a multiple products finite horizon inventory- 

 
location allocation problem for a retailer-distributer 
supply chain problem where the distance between 
retailers and distributors were assumed to be 
Euclidean and Square Euclidean functions. 
 
In supply chain inventory problems that involve 
uncertainty, [5]modeled a three-echelon multiple 
products multiple periods inventory-location problem 
for a routing supply chain problem where the 
demands of the customers were supposed to be 
stochastic. Their method took into account the vehicle 
timetables, fuel consumption, product wastage and 
setup cost. [6]presented a model for a multi-period 
inventory control problem structured in a dynamic 
program with demand uncertainty where a robust 
optimization method was used to solve the problem. 
[7]developed an inventory control problem with 
multiple products in a finite timeperiodin which the 
total available budget was limited and shortage costs 
were allowed for all products in combination with 
backorders and lost sales. They formulated the 
problem in a fuzzy environment in which the discount 
rates and the storage space for storing the items were 
considered as fuzzy numbers. [8] analyzed an 
inventory control problem in multiple periods for a 
newsvendor in which the lead times were stochastic 
and a dilation ordering of lead times implied an 
ordering of optimal costs. [9]considered a multi-
period production-inventory problem with multiple 
producers in a plant with a multiple shop/delivery 
system and different machines where the costswere 
considered to be fuzzy numbers.  The rest of the 
paper is organized as follows. In the next section, the 
problem description is given. Indices, notations,and 
assumptions of the proposed problem come in 
Section 3. The problem formulations, including the 
objective function and also the constraints, are 
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presented in Section 4. In Section 5, a fruit fly 
optimization (FFO) algorithm is used to solve the 
problem. Section 6 shows computational results to 
evaluate the employed FFO, in which 10 different 
numerical examples with different sizes are first 
generated, and then the Taguchi approach is utilized 
to tune the algorithm parameters on the generated 
examples. Finally, the conclusion of the work is 
brought in Section 7. 
 
II. PROBLEM DESCRIPTIONS 
 
In this article, a two-echelon multi-item multi-period 
inventory control problem is formulated in a supplier-
buyer supply chain network, in which the suppliers 
producea wide range of products and then keep them 
in their own storages to meet the future demands of 
the buyers. In addition, the suppliers sell their 
products under an all-unit discount policy. The 
storagecapacity, the total available budget of the 
buyers and the total production capacity of the 
suppliers are restricted. In the model, the demands of 
the buyers are assumed to be stochastic and follow 
normal distributionsin which shortages are not 
allowed. Additionally, lead times of the products are 
assumed to be constant and there is a limitation on the 
service levels of the products in each period. The goal 
is to achieve the reorder point in addition to the order 
quantity of each item so that the total supply chain 
cost is minimized. An FFO is applied to solve the 
proposed problem. In order to find suitable 
parameters of the algorithm, the Taguchi method is 
used to adjust the FFO parameters.Fig. 1 shows the 
supply chain system under investigation. 

 

 
Fig.1. The supply chain system. 

 
III. INDICES, NOTATIONS,AND 
ASSUMPTIONS  

 
i = 1, 2,..., Iis the index of the buyers 
j = 1, 2,..., J is the index of the products 
k = 1, 2,..., K is the index of the suppliers 
t = 0, 1,..., N is the index of the time periods 

ijktD : Expected demand quantity of buyer i  for 

product j  produced by supplier k in period t  

 Dijkt ijktf : Probability density functions of 
ijk tD  (a 

normal distribution with mean 
ijktD and standard 

deviation 
ijktD ) 

ijktT :The time at which the thj productordered by 

buyer i to supplier k is received 

kF : The production capacity of supplier k  

ijkth : Inventory holding cost per unit of thj product in 

the warehouse owned by supplier k  sold to buyer i  in 
period t  

ijk tA : Ordering cost (transportation cost) per unit of 
thj product from supplier k  to buyer i  in period t  

ijktpc : Purchasing cost per unit of thj product paid by 

buyer i to supplier k at thp price break point in 
period t  

ijkts : The required warehouse space for supplier k  to 

store a unit of thj product sold to buyer i  in period t  

iS : The available capacity of thi buyer’s warehouse 
TB : The total available budget  

ijktw : A binary variable that is set to 1 if buyer i  

orders product j to supplier k  in periodt , and set to 
0 otherwise 

ijktQ : Ordering quantity of thj product purchased by 

buyer i  from supplier k in period t  (decision 
variable)  

ijktX : The initial (remained) positive inventory of 
thj product purchased by buyer i  from supplier k in 

period t  (decision variable) 

ij k tI : Inventory position of thj product for buyer i  
purchased from supplier k  in period t  

ijktSS : Safety stock of thj product for buyer i  
purchased from supplier k  in period t  

ijktr : Reorder point of thj product for buyer i  

purchased from supplier k in period t  

ijktL : Lead time of thj product for buyer i  purchased 

from supplier k in period t  
ijktpu : thp price break-point proposed by supplier k  to 

buyer i  for purchasing thj product in period t  

ijktp : A binary variable that is set to 1 if buyer i  

purchases product j from supplier k  at price break 
point p  in period t , and set to 0 otherwise 
M : Maximum inventory level 

hTC : Expected total holding cost 

PTC : Expected total purchasing cost 
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OTC : Expected total ordering (transportation) cost 
TC :  Expected total supply chain cost 
The assumptions involved in the proposed problem 
are listed as follows: 
 The buyers’ demand rates forthe products 

manufactured by the suppliers are stochastic and 
follow a normal distribution. 

 The initial positive inventory level of the 
products receivedfrom each supplier to each 
buyer is zero (i.e.,

1 0ijkX  ) 
 All orders are placed on a given finite horizon 

that includes N fixed time periods of equal 
length. 

 The orders must be received at the beginning of 
the next period; thus two cases might happen 
within a period, either the lead time is positive or 
zero. In other words, if the inventory level 
reaches below the reorder point, an order is 
placed and will be received at the beginning of 
the next period. Even if the inventory level does 
not reach the reorder point during a period, the 
order will be received immediately at the 
beginning of the next period. 

 No order is made in the last period. 
 The orders should be received at time T, so the 

lead time would be between the time an order is 
placed and T.  

 
IV. PROBLEM FORMULATION 
 

The proposed supply chain model is obtained as 
follows: 

1
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The objective function in (1) includes three costs of 
ordering (transportation), holding and purchasing 
costs, respectively. The constraints brought in (1) are 
the initial inventory remaining from the previous 

period, the total storage capacity, the manufacturing 
capacity of each plant owned by each vendor, the 
total available budget, and a limitation on the 
production matters respectively. 
 
V. THE FFO ALGORITHM 

 
The fruit fly optimization algorithm, first proposed by 
[10], is inspired by the food finding behavior of the 
fruit fly. The fruit fly itself is superior to other species 
in sensing and perception, especially in osphresis and 
vision. The osphresis organs of fruit flies can find all 
kinds of scents floating in the air; it can even smell 
food source from 40 km away. Then, after it gets 
close to the food location, it can also use its sensitive 
vision to find food and the company’s flocking 
location, and fly towards that direction [10]. The 
foraging process of a fruit fly group is illustrated in 
Fig 2. 

 

 
Fig.2. Group iterative foraging process of fruit flies. 

 
The procedure of the original fruit fly optimization 
algorithm is summarized as follows: 
• Initialize parameters, including themaximum 

number of generations and population size. 
• Initialize a population of fruit fly groups randomly 
• Construct several fruit flies randomly around the 

fruit fly group using osphresis for the foraging to 
generate a population 

• Evaluate all the flies of the population to obtain 
the smell concentration values (fitness value) of 
each fruit fly 

• Find the best fruit fly with the maximum smell 
concentration value using vision for the foraging, 
and then let the fruit fly group fly towards the best 
one. 

• End the algorithm if the maximum number of 
generations is reached. 

 
The modified fruit fly optimization of this research is 
expressed in the flowchart shown in Fig. 3 in details. 
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Fig.3. The flowchart of the proposed FFO algorithm. 

 
VI. RESULTS AND DISCUSSIONS 
 
While a new type of problem has been addressed in 
this research, there is no benchmark available in the 
literature. As such, in this section, 20 numerical 
problems are first randomly generated and then are 
solved in order to evaluate the performance of the 
FFO algorithm.Table 1 shows the data generated for 
all 20 numerical examples and their fitness and CPU 
time values obtained by FFO algorithm. 
Table 1:The general data for different numerical examples and 

the fitness function and CPU time of the FFO algorithm 

 
The best parameters values of FFO algorithm are 
obtained after a number of runs of the algorithm They 
are set as 1 1.5  , 2 2  , NS=5, NP=40 and 
NG=500.Fig. 4 displays the trend of fitness values 
obtained by the FFO algorithm on the generated 
numerical examples.Fig. 5 depicts the trend of CPU 
time values obtained by the FFO algorithm on the 
generated numerical problems. 

 
Fig.4. The trend of fitness values obtained by FFO algorithm 

on all numerical examples. 

 
Fig.5. The trend of CPU time values obtained by FFO 

algorithm on all numerical examples. 
 
Both fitness and CPU time values obtained by the 
FFO algorithm on all 20 generated numerical 
examples show that FFO is an efficient algorithm to 
solve the model proposed in this research.  
 
CONCLUSIONS 
 
In this paper, a novel multi-item multi-period 
continuous and periodic inventory problem was 
presented for a two-echelon buyer-supplier supply 
chain problem in which the demands of the buyers 
were considered to be stochastic following a normal 
distribution. The available budget, the production 
capacity,and the storage space to store the products 
were limited. The objective was to achieve the 
optimal order quantity ordered by the buyers to the 
suppliers such that total supply chain cost was 
minimized. While the model was NP-hard, an 
FFOalgorithm was used to solve the proposed 
problem and to find a near-optimum solution. The 
FFO algorithm’s performance was evaluated on 20 
generated problems of different sizes. The results 
showed that the FFO algorithmperformedeffectively 
in terms of the fitness values and the CPU time. As 
for recommendations for future research, the model 
can be extended for a routing problem. In addition, 
the model can be formulated under shortage, inflation 
and time value of money.  
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