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1. Abstract 

The basic EOQ model is framed keeping all the cost parameters to a constant value. But originally these 

values are not fixed in nature. These values are subjected to the changes occurring in the market. The total 

value of the system as determined by these constant values do not predict a correct valuation of the model. 

This unpredicted behavior of the parameters is studied in the fuzzy sense which incorporates the changes 

prevailing in the market to these parameters and hence gives an accurate measure of the system. This work 

presents a model which is fuzzified using the pentagonal fuzzy number system. The cost values are then 

defuzzified using the graded mean representation method. The values are then compared with the crisp values 

of the inventory model which provides significant logical propositions. Numericals are used to verify the 

mathematical procedure. 
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2. Introduction 

Fuzzy theory had its introduction by [14]. He and his colleagues [7] developed a model in fuzzy form on 

decision science. After this the introduction of fuzzy in the research work started. [15] introduced the fuzzy 

theory in operation research. Later many researchers introduced this fuzzy concept in their models including 

or not including shortages. [1] formulated a model with demand in fuzzy form for optimizing the parameters.  

Considering different form of fuzzy numbers [2] and [3] formulated an inventory model with shortages. 

Involving credit delays supply chain model was framed by [5]. An optimum value to the ordering quantity and 

their respective cost is determined in this study. Analyzing the risk in the management fuzzy model was 

developed by [6]. An optimized value of the ordering quantity with their respective cost is determined by [11] 

with partial shortages. Taking weibull form of deterioration and minimize value to the parameters was 

determined by [12]. Along with trade credit [9] use the concept of inflation to find an optimized value to the 

parameters in inventory system. A comparative study of inventory system with crisp Network and fuzzy 

network was done by [8]. Other zestful research works done in the field of fuzzy theory along with credit and 

inflation in the inventory system is done by the [10], [4] and [13]. 

3. Presumptions 

1. The time between placing and receiving the order is zero. 

2. Constant value of demand is considered. 

3. Shortages are taken with full backlogging. 

4. Pentagonal fuzzy number is used to fuzzify the parameters. 
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5. Graded Mean Representation Method and signed distance method are used for defuzzification. 

4. Symbols Used 

1. 𝑧1 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑎𝑟𝑟𝑦𝑖𝑛𝑔 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 

2. 𝑧2 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 shortage 

3. 𝑧3 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 

4. 𝑄𝑦 = 𝑜𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 

5. 𝑆𝑦 = 𝑆ℎ𝑜𝑟𝑡𝑎𝑔𝑒 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 

6. 𝑡𝑦 = 𝐶𝑦𝑐𝑙𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 

7. 𝑟𝑦 = 𝑁𝑒𝑡 𝐷𝑒𝑚𝑎𝑛𝑑 

8. 𝑇𝑦 = 𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑐𝑦𝑐𝑙𝑒 

9. 𝑍𝑐 = 𝑁𝑒𝑡 𝐶𝑜𝑠𝑡 

5. Mathematical Inventory Model in crisp form 

The net crisp value of the cost is the sum of the various cost involved in the inventory system .  

Net Cost Value 𝑍𝑐 (Qy,Sy) = [z1t1
(𝑄𝑦−𝑆𝑦)

2
+  𝑧2𝑡2

𝑆𝑦

2
+  𝑧3]
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                                                            = 
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The optimized value of the other parameters are given by: 

Optimized value to the quantity ordered 𝑄𝑦
∗ =  √

2(𝑧1+𝑧2)𝑧3𝑟𝑦

𝑧1𝑧2𝑇
  

Optimized value to the quantity backlogged 𝑆𝑦
∗ =  √

2𝑧1𝑧3𝑟𝑥

𝑧2(𝑧1+𝑧2)𝑇
   

After obtaining the optimized values to the ordering and the shortage quantity, the minimized valuation of the 

net value of cost function is  

Zc(𝑄𝑦
∗ , 𝑆𝑦

∗) =  √
2𝑧1𝑧2𝑧3𝑟𝑦𝑇

(𝑧1+𝑧2)
   

6. Proposed Fuzzy Inventory Model 

The cost parameters are fuzzified on the basis of the trapezoidal fuzzy number. 

The cost values in fuzzy form are represented as 

𝑧1̃ = (𝑧11, 𝑧12, 𝑧13, 𝑧14, 𝑧15) ,  𝑧2̃ = (𝑧21, 𝑧22, 𝑧23, 𝑧24, 𝑧25), 𝑧3̃ = (𝑧31, 𝑧32, 𝑧33, 𝑧34, 𝑧35) 

 

Net Cost Value 𝑍𝑐 (Qy,Sy) =  
𝑧1̃(𝑄𝑦−𝑆𝑦)2𝑇

2𝑄𝑦
+ 

𝑧2̃𝑆𝑦
2𝑇

2𝑄𝑦
+ 

𝑧3̃ 𝑟𝑦

𝑄𝑦
    

Optimized value to the quantity ordered 𝑄𝑦
∗ =  √

2(𝑧1̃+𝑧2̃)𝑧3̃𝑟𝑦

𝑧1̃𝑧2̃𝑇
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Optimized value to the quantity backlogged 𝑆𝑦
∗ =  √

2𝑧1̃𝑧3̃𝑟𝑦

𝑧2(̃𝑧1̃+𝑧2̃)𝑇
   

 

The defuzzification of the total cost using graded mean representation method is as follows  

𝑍𝑑𝑔(𝑄𝑦, 𝑆𝑦) =  
𝑧1 + 3𝑧2 + 4𝑧3 + 3𝑧4 + 𝑧5

12
 

And by signed distance method is as follows 

𝑍𝑑𝑠(𝑄𝑦, 𝑆𝑦) =  
𝑧1 + 2𝑧2 + 2𝑧3 + 2𝑧4 + 𝑧5

8
 

 

6. Numerical Example 

The hypothetical values to the numerical example is taken as the same values from [8]. This is done to make a 

comparison with the said model to the present model. 

 𝑇𝑦 = 6, 𝑧1 = 4, 𝑧2 = 10, 𝑧3 = 20, 𝑟𝑦 = 1000 

Table 1: Crisp Environment- Optimized values to parameters  

Net Demand Optimum order 

quantity 𝑄𝑦
∗  

Optimum shortage 

quantity 𝑆𝑦
∗  

Optimum Cost value 

𝑍𝑐 

1000 48.3046 13.8013 828.0787 

 

The numerical values in the fuzzy inventory model with Pentagonal Fuzzy Number are 

𝑇𝑦 = 6, 𝑧1 = (1,3,4,5,6), 𝑧2 = (8,9,10,11,12), 𝑧3 = (15,18,20,22,25), 𝑟𝑦 = 1000 

 

Using the equations for optimized order quantity, shortage quantity and the minimized cost value, we get 

Table 2: Fuzzy Environment - Optimized values to parameters with demand = 1000units 

Defuzzification Optimum fuzzy order 

quantity 𝑄𝑦
∗  

Optimum fuzzy 

shortage quantity 𝑆𝑦
∗  

Optimum fuzzy Cost 

value  

Graded mean 

representation method 

48.700 13.689 821.354 

 

Signed Distance 

Method 

48.875 13.645 818.700 

 

7. Logical Insights 

1. The comparison seen in the above table shows that the net value to the cost is decreased in the 

fuzzified model. 

2. The work depicts that there is an increase in the optimized value to the ordering quantity and a 

decrease in the shortage quantity, which is a significant result in an inventory model. 
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8. Comparative graph 

 

 

9. Conclusion 

The paper presents a study in an inventory system with a crisp form and a fuzzy sense of developing an 

inventory problem. The method for defuzzification is through pentagonal form with graded mean 

representation method and signed distance method used for defuzzification. The results show that the fuzzy 

model not only removes the uncertainty but also provides low values to the parameters. Among a comparison 

with the model framed by [8], it is clearly seen that the defuzzy methods signed distance method and graded 

mean representation method, the cost value is decreased using signed distance method. 
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