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Abstract 

 
In the present day scenario of industrial competition, supply chain 

management seeks to synchronize a firm’s processes and those of its suppliers to 

match the flow of materials, services and information with customer demand. It 

involves the coordination of key processes in the firm such as order placement, 

order fulfillment and purchasing which are supported by marketing, finance, 

engineering, information systems, operations and logistics. In this work an attempt 

has been made to coordinate the members of the supply chain in order to optimize 

the cost at each level and total relevant cost of the supply chain.  A two level supply 

chain network with single manufacturer supplying a single product to a single 

retailer is considered in this research. This work focuses on modeling and 

optimization of two level supply chain with price dependent demand for optimal 

replenishment quantity, inventory ratio and annual total relevant cost with and 

without coordination. Also, the numerical illustration is carried to observe the 

behavioral pattern of the decision variables with positive integer. In addition, the 

parametric analysis is carried out to observe the variation in optimal values of the 

decision variables with respect to variation in manufacturers and retailers ordering 

costs and selling prices. \ 
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1. Introduction 

 In today’s global market, more and more companies realize that the 

performance of their businesses depends largely on external collaboration and 

coordination across the supply chain. As chain members are primarily concerned 

about their individual interests which may not contribute to the overall supply chain 

performance, their decisions may result in an inefficient network system with 

problems like high costs, compromised customer service and a weakened strategic 

position [10]. Much research focuses on coordination schemes achieving supply 

chain coordination, particularly the type of contractual arrangement that is required 

for coordination [7]. Individual firms no longer compete as independent entities with 

unique brand names but rather as an integral part of supply chain (SC) links [18]. As 

such, the ultimate success of a firm will depend on its managerial ability to integrate 

and coordinate the intricate network of business relationships amongst SC members 

[15]. 

 Managing inventory in a two level supply chain involves minimization of 

inventory across each member while simultaneously meeting the customer service 

goals. Each stage of a supply chain thrives to improve its operations, reduce costs 

and increase profitability through coordination. A coordination mechanism may be 

necessary to motivate the members to achieve coordination. SC members are 

dependent on each other and these members need to be coordinated by efficiently 

managing dependencies between each other. Coordination can be viewed from 

different perspectives but most commonly used definition is ‘‘an act of working 

together and managing dependencies between different entities” [17]. The concept 

of coordination may guide SC members to work coherently to identify inter-

dependencies between each other, to mutually define goals and to fairly share risks 

and rewards [3].  Hence the consideration of joint optimization of supply chain is of 

interest. 

 This paper is organized as follows. Section 2, deals with literature review 

carried for model development of the present problem. Features, assumptions, 

notations used and mathematical model formulation is presented in section 3. In 

section 4, numerical illustration for the present problem is carried. The detailed 

discussion on results is presented in section 5. Section 6 concludes the paper with a 

brief summary of results and recommendations for further research. 

 

2. Literature Review 

 Supply chain management and its coordination have received a great deal of 

attention in the last two decades. With the development of information technology, 

information sharing restructures the supply chain by coordinating decision-making 

and integrating supply chain activities. There have been various studies on supply 

chain coordination and there is still a growing interest in it. 

 Sahin and Robinson [23] proposed price, non-price, buy-back and return 

policies, quantity flexibility, allocation rules, and information sharing and flow  
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coordination as major categories of coordination mechanisms. Fugate et al. [10] 

modified the formal classification and turned it into three categories, namely, price, 

non-price and flow coordination mechanisms. The classification can therefore be 

summarized as flow coordination and contract-based coordination. 

 Flow coordination mechanisms are designed to manage product and 

information flows in a supply chain. Various flow coordination schemes based on 

information sharing have been studied and applied, such as VMI, quick response 

(QR), Collaborative planning, forecasting and replenishment (CPFR), efficient 

consumer response (ECR), and postponement [13] [1] [16]. Also, the effort of using 

information sharing and flow coordination to eliminate the ‘‘bullwhip effect’’ was 

investigated [9] [19]. 

 Apart from flow coordination, various types of contracts have been 

established to coordinate chain members and allow individual decisions to be 

aligned with the whole system’s objectives through an agreement reached by the 

supply chain members [2] [11] [12]. Most of recent research articles on supply chain 

management focus on the coordination and integration issues among members of a 

supply chain such as manufacturers, distributors, wholesalers, and retailers. 

Arshinder et al. [4] review research on the importance of supply chain coordination 

and present various coordination issues and mechanisms. Information sharing 

among members of a supply chain is considered a useful tool in supply chain 

management. Lee et al. [15] evaluate the benefits of information sharing in a supply 

chain, i.e., inventory reduction and cost savings, and Sahin and Robinson [22] show 

that the overall cost in a supply chain can be reduced by the information sharing, 

with which the decisions for inventory replenishment and delivery planning can be 

coordinated. In addition, Ryu et al. [21] present methods for information sharing in 

supply chains and analyze the effect on the performance of the supply chains in 

terms of throughput, inventory and service levels. Development of information and 

communication technology helps each member of a supply chain to share 

information with other members, and through such information sharing, one can get 

opportunities for improving the performance of a supply chain. 

 A requirement for successful coordination of the supply chain is found to be 

the measurement of operational performance in terms of due date reliability, stock 

availability and other customer service measures [8]. Lau and Lau [14] determined 

the optimal ordering policy for a buyer using a (Q, R) continuous review system 

with two vendors. The authors developed a total cost expression as function of the 

optimal order quantity, the optimal reorder point, and the optimal fraction of the 

order quantity. 

Seo et al.[25] develop an optimal reorder policy for a two-echelon 

distribution system with one central warehouse and multiple retailers. Each facility 

uses continuous review batch ordering policy. They propose a new type of policy to 

utilize the centralized stock information more effectively. Axsater [5] introduces a 

rule for determining reorder points in a two-echelon inventory system with a central 

warehouse and a number of retailers in which the retailers face stochastic demand.  

Seifbarghi and Akbari [24] investigate the inventory system consisting of the 

central warehouse and many identical retailers controlled by continuous review  
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policy (r, Q). The demands of retailers are independent Poisson and stock outs in 

retailers are lost sales. Benjaafar et al., [6] proposes a model in which the objective 

is to determine an optimal demand allocation and optimum inventory levels at each 

location so that the sum of transportation, inventory and back order costs is 

minimized. Parthasarathi et al. [20] developed a coordination model for a single 

manufacturer-single retailer distribution supply chain. The proposed model deals 

with short life-cycle products, operating under price-sensitive and stock-dependent 

random demand. 

Though several authors carried out their work in different perspectives, still 

there is a wide scope in developing two level supply chain models. In spite of having 

much significant work on price dependent demand, still there is a need to address 

and develop two level supply chain models, when demand is price dependent. 

Keeping in view of above, an attempt has been made to develop two level supply 

chain models for optimal values of decision variables like replenishment quantity, 

inventory ratio, and total relevant cost with and without coordination. Also, the 

behavioral pattern of decision variables is observed. The assumptions and variations 

incorporated in these models suit the most practical situations of manufacturing or 

trading organizations.  

 

3. Model formulation 
 

Considering a two level supply chain with single manufacturer supplying a single 

product to a single retailer, the features and assumptions for the model formulation 

are as given below. 

3.1 Assumptions: 

 Assumptions of the proposed model are 

• Demand is a function of price. 

• Manufacturer’s inventory is some multiple integer of retailer’s inventory. 

• Instantaneous replenishment rate. 

• Shortages are not allowed. 

 3.2 Notations: 

RS  : Retailers ordering cost 

Rh  : Retailers carrying cost 

3C  : Retailers purchase price 

4C  : Retailers selling price 

D  : Annual demand in units 

i  : Interest rate 

mS  : Manufacturers ordering cost 

mh  : Manufacturers carrying cost 

1C  : Manufacturers manufacturing cost 

2C  : Manufacturers selling price in Rs/unit 
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Rq  : Retailers ordering quantity in units 

mq  : Manufacturers ordering quantity in units 

n  : The ratio of manufacturer’s ordering quantity to retailers ordering    

               quantity, a positive integer 

TC  : Annual total cost of the supply chain 

Demand is price dependent and it can written as     

D a b p= − ×          (1) 

Where a and b are constants 

p is a selling price equal to  �� 

Total variable cost at retailers point may be written as 

R
R R 3

R

qD
iTC S C

2q
= +        (2) 

Total variable cost at manufacturer point may be written as 

m
m m 1

m

qD
iTC S C

2q
= +  

It is assumed that manufacturer’s inventory is multiples of retailers ordering quantity 

and it can be written as m Rn.q q=  

Total variable cost at manufacturer point can be written as 

R
m m 1

R

(n 1)qD
iTC S C

2n.q

−
= +       (3) 

Total cost of the supply chain is given by 

R mTC TC TC= +  
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2
m

R2 3
R R

(TC) 2Dd S
0S

ndq q

 
= + >  

   For all values of n and qR 

Hence n and qR become optimum.  

 
[ ]

m
R

R(opt)
3 1

S
2D S

n
q

i (n 1)C C

 
+ 

 
=

+ −
       (6) 

By substituting the optimum values of replenishment quantity in equation (4) the 

total cost of the supply chain is obtained. 

( )m
R 3 1

S
TC 2Di n 1S C C

n

 
 = + + −   

 
                (7) 

To find the integer value of n this maximizes the equation (7), 

[ ]m
R 3 1

S
F(n) (n 1)S C C

n

 
= + + − 
 

                                    (8) 
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In general this will not be an integer. 

Hence find F(n1) and F(n2) where n1 and n2 are the integers surrounding the n
*
. 

( ) ( ) 121 nnnFnFIf =→≤         ( ) ( )1 2 2and If F n F n n n≥ → =
    

By substituting the value of n
*
 optimum replenishment quantity and total relevant 

cost of the supply chain is obtained. 

 
 

4. Numerical Illustration 

Considering an item with the following variables and constant values, the equation 

(4) is solved using LINGO software. 

 

Upon salvation of equation (4), the optimal values of the decision variables with and 

without coordination are as follows. 

4.1 Without coordination: 

SR = ` 1000/ Sm = ` 4700/ order 

C1 = ` 150/unit C2 = ` 225/ unit 

C3 = ` 225/unit C4 = ` 280/ unit 

i = 0.15(15%) a = 4000, b =0.2  
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Retailer’s replenishment quantity, qR(opt) = 483.44 units 

Positive integer (Inventory ratio), n = 3 

Manufacturer’s replenishment quantity, qm = 1450.32 units 

Total cost at retailer point, TCR = ` 16316.25 

Total cost at manufacturer’s point, TCm = ` 23658.58 

Total cost of the supply chain, TC = ` 39974.73 

4.2 With coordination: 

Replenishment quantity, qR(opt) = 685.4 units 
Positive integer (Inventory ratio), n = 2 

Manufacturer’s replenishment quantity, qm = 1370.8 units 

Total cost at retailer point, TCR = ` 17320 

Total cost at manufacturer’s point, TCm = `21233 

Total cost of the supply chain, TC = ` 38553 
 

5. RESULTS AND DISCUSSIONS: 

From figure1, it is clearly indicative that replenishment quantity at the retailer is 

more with coordination rather than without coordination whereas manufacturer’s 

replenishment quantity with coordination is less rather than without coordination. It 

is due to the fact that with supply chain coordination the number orders at the 

retailer is less rather than without coordination. 
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From figure2, it is observed that retailer’s cost with coordination is more rather than 

without coordination whereas manufacturer’s cost with coordination is less rather 

than without coordination. However, the total relevant cost of the supply chain with 

coordination is less rather than without coordination. It is attributed to the fact that 

the rate of increase in carrying cost is less than the rate of decrease in ordering costs. 
 

Table 1: variation of optimal values of the decision variables 

and objective function with respect to n 

N qR qm TCR TCm TC 

1 1154.2 1154.2 22894 16060 38954.51 

2 685.4 1370.8 17320 21233 38553.79 

3 507.04 1521.12 16335 23595 39929.46 

4 411.63 1646.52 16528 25151 41678.36 

5 351.65 1758.25 17150 26367 43516.8 

6 310.13 1860.78 17951 27407 45357.35 

7 279.51 1956.57 18827 28341 47168.19 

8 255.88 2047.04 19731 29206 48937.42 

 

Table 1 and figure 3 show the variation of replenishment quantity at retailer’s and 

manufacturer’s points with respect to positive integer. From this figure, it is 

observed that retailer’s replenishment quantity gradually reduces where as 

manufacturer’s replenishment quantity increases. It is due to the fact that retailer’s 

inventory level varies inversely with positive integer where as manufacturer’s 

inventory varies proportionally.   
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Table1 and Fig 4 show the analysis of variation of total cost at retailer’s point, 

manufacturer’s point and supply chain with respect to positive integer (n).  From this 

table or figure, it is analyzed that the total relevant cost of the supply chain initially 

reduces and becomes optimum, then increases gradually. Total relevant cost at the 

manufacturer’s point increases gradually whereas at retailer’s point decreases and 

then increases. It is attributed to the fact that the proportionate decrease in carrying 

cost is less than the proportionate increase in ordering cost at retailer’s point where 

as proportionate decrease in set up cost is less than the proportionate increase in 

carrying cost. Consequently total cost of the supply chain increases. 
 

Table 2: Variation of retailer’s replenishment quantity and total cost of 

 supply chain with positive integer (n) and retailers selling price C4 
 

 C4          280             350            400 

n  qR TC  qR TC  qR TC 

1  1154.2 38954.51 
 

1152.15 38885.31 
 

1150.69 38835.81 

2  685.4 38553.79 
 

684.18 38485.31 
 

683.31 38436.31 

3  507.04 39929.46 
 

506.14 39858.53 
 

505.49 39807.79 

4  411.63 41678.36 
 

410.9 41604.32 
 

410.38 41551.35 

5  351.65 43516.8 
 

351.02 43439.49 
 

350.57 43384.19 

6  310.13 45357.35 
 

309.58 45276.77 
 

309.19 45219.13 

 

Fig. 5 Variation of retailer’s replenishment quantity  

with positive integer, n and retailers selling price, C4 
 

Table 2 and figure 5 show the analysis of variation of replenishment quantity at 

retailers point with positive integer for particular values of retailers selling price. 

From this figure, it is analyzed that there is no appreciable change in trend pattern of 

retailer’s replenishment quantity though there is a change in retailers selling price. It 

is attributed to the fact that the change in retailer’s selling price has no significant 

impact on optimal values of decision variables.  
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Fig. 6 Variation of total cost of supply chain, TC with  

positive integer(n) and retailers selling price (C4) 
 

 

Figure 6 shows the analysis of variation of total relevant cost of the supply chain 

with positive integer for particular values of retailers selling price. From this figure, 

it is analyzed that there is no appreciable change in trend pattern of total relevant 

cost of the supply chain though there is a change in retailers selling price. It is 

attributed to the fact that the change in retailer’s selling price has no significant 

impact on optimal values of decision variables.  

 

 

Fig. 7 Variation of positive integer with manufacturer’s cost 

 

Fig. 7 shows the analysis of variation of positive integer with manufacturer’s cost. 

From this figure, it is observed that the value of positive integer gradually decreases. 

It is due to the fact that with increase in manufacturer’s unit cost, carrying cost 

raises. Consequently manufacturer prefers to maintain less inventory level. 

Inventory is shipped from manufacturer to retailer through less number of 

shipments. Also it is observed that for particular values of C3 there is no much 

variation in number of shipments.  
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Fig.  8 Variation of retailer’s ordering quantity with manufacturer’s cost 

 

Fig. 8 shows the analysis of variation of retailer’s ordering quantity with 

manufacturer’s unit cost for different values of retailers selling price. From this 

figure, it is observed that the value of retailer’s ordering quantity gradually 

increases. It is due to the fact that with increase in manufacturer’s unit cost, 

carrying cost raises. Consequently manufacturer prefers to maintain less 

inventory level. As the unit cost at the retailer is remain same, large amount of 

Inventory is shipped from manufacturer to retailer instead of keeping at the 

manufacturing point. It is also observed that the marginal increase in retailer 

procurement cost may not have significant impact on qR. 

 

Fig.  9 Variation of total relevant cost with manufacturer’s cost 

Fig. 9 shows the analysis of variation of total relevant cost of the supply chain 

with manufacturer’s unit cost for different values of retailers selling price. From 

this figure, it is observed that the value of total relevant cost of the supply chain 

gradually increases and then becomes constant. It is due to the fact that with 

increase in manufacturer’s unit cost, the rate of increase in carrying cost is more 

than the rate of decrease in ordering cost. Consequently, the total relevant cost of 

the supply chain increases. However for higher values of C3 the total cost is 

higher. 
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Fig.10 Variation of positive integer with retailer’s ordering cost 

 

Figure 10 shows the analysis of variation of positive integer with respect to 

retailers ordering cost for different values of manufacturers cost. From this figure, 

it is observed that the value of positive integer gradually reduces. It is due to the 

fact that with increase in retailer’s ordering cost, retailer prefers to procure the 

required quantity of items in less no of orders. Also it is found that for lower 

values of C1 the value of n is higher. Since the unit cost is less the manufacturer 

prefers to hold maximum stock and consequently it increases number of 

shipments.  

 

Fig.11 Variation of retailer’s ordering quantity with retailer’s ordering cost 

 

Figure 11 shows the analysis of variation of retailer’s ordering quantity with 

respect to retailers ordering cost for different values of manufacturers cost. From 

this figure, it is observed that the value of retailer’s ordering quantity gradually 

increases. It is due to the fact that with increase in retailer’s ordering cost, retailer 

prefers to procure the more quantity of items in less no of orders. It is observed 

that for lower values of C1, qR is less and for higher values of C1, qR is more, it is 

due to the fact that as number of shipments increases qR becomes decreases. 
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     Fig. 12 Variation of total relevant cost of the supply chain with retailer’s ordering cost 
 

 

Figure 12 shows the analysis of variation of total relevant cost of the supply chain 

with respect to retailer’s ordering cost for different values of manufacturers cost. 

From this figure, it is observed that the value of total relevant cost of the supply 

chain gradually increases. It is due to the fact that the rate of increase in total 

carrying cost is more than the rate of decrease in total ordering cost. 

Consequently, the total relevant cost of the supply chain increases. It is also 

observed that for lower values of C1 total cost is less. It is attributed to the fact 

that proportionate increase in ordering cost is less than the proportionate decrease 

in carrying cost. 

  

 

Fig.13 Variation of positive integer with manufacturer’s ordering cost 

 

Figure 13 shows the analysis of variation of positive integer with respect to 

manufacturer’s ordering cost for different values of manufacturers cost. From this 

figure, it is observed that the value of positive integer gradually increases. It is 

due to the fact that with increase in manufacturer’s ordering/setup cost, through 

less number of production runs, more production quantity is produced and is 

shipped to the retailer in more number of shipments.  
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 Fig.14 Variation of retailer’s ordering quantity with manufacturer’s ordering cost 
 

 

Figure 14 shows the analysis of variation of retailer’s ordering quantity with 

respect to manufacturer’s ordering cost for different values of manufacturers cost. 
From this figure, it is observed that the value of retailer’s ordering quantity 

decreases sharply and then increases gradually. It is due to the fact that with 

increase in manufacturer’s ordering cost, more production quantity is produced 

through less no of production runs and then supplied to the retailer in more than 

one shipment.  

 

Fig. 15 Variation of total relevant cost of supply chain with manufacturer’s ordering cost 
 

Figure 15 shows the analysis of variation of total relevant cost of the supply chain 

with respect to manufacturer’s ordering cost for different values of manufacturers 

cost. From this figure, it is observed that the value of total relevant cost of the 

supply chain gradually increases. It is due to the fact that the rate of increase in 

total carrying cost is more than the rate of decrease in total ordering cost. 

Consequently, the total relevant cost of the supply chain increases.   
 

 

6. Summary and Conclusions 

 In this research, mainly, a mathematical model is developed for two level 

supply chain for coordination considering single manufacturer supplying a single  
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product to a single retailer under price dependent demand. The optimal values of 

the decision variables are determined with and without coordination. Based on 

the findings of this research, it is concluded that total relevant cost of the supply 

chain becomes less with coordination rather than without coordination. Average 

inventory level at the retailer becomes more whereas inventory level at the 

manufacturer becomes less.   

 In addition, the parametric analysis is carried to observe the variation in 

optimal values of decision variables and objective function. From these findings 

it is concluded that there is a significant impact of manufacturer’s unit cost on 

optimal values of the decision variables where as there is no appreciable variation 

in the trend pattern of decision variables with retailers selling price. Also, it is 

concluded that the variation in retailer’s ordering cost and manufacturer’s set up 

cost causes significant change in optimal values of the decision variables and 

objective function.  
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