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Abstract—In this paper, a fuzzy non-instantaneous deteriorating 
inventory model with probabilistic production, demand and time 
dependent deterioration rate have been proposed. The Lower-Upper 
(LU) bud fuzzy number is defined and its properties are given. The 
proposed model is formulated in fuzzy environment using LU-bud 
fuzzy number. ie., the parameters involved in this model are 
represented by LU-bud fuzzy number. The agreement index of LU-
bud is explained and using this technique the total cost is defuzzified. 
Using the calculus technique optimal production quantity, 
deterioration rate are determined. A numerical example is given to 
illustrate both the proposed crisp model and fuzzy model. 
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1. INTRODUCTION 

Inventory system is one of the main streams of the Operations 
Research which is essential in business enterprises and 
Industries. In business organization, inventory management is 
one of the major core competencies to compete in the global 
market place. Deterioration cannot be avoided in business 
scenarios. Deterioration is defined as change, damage, decay, 
spoilage, obsolescence and loss of utility or loss of original 
value in a commodity that results in the decreasing usefulness 
from the original one product.  

In reality, there are many situations where the demand rate 
depends on time. The demand of some items especially 
seasonable products like garments, shoes, mangoes, tomatoes 
etc., is low at the beginning of the season but increases as the 
season progresses. ie., changes with time.  

A large number of inventory situations, the production and 
demand can be described by constant and deterministic 
inventory models. But, in real life and global market situations 
demand and various relevant costs are not exactly known. 
Randomness arises from the uncertainty in the production and 
demand capacity. In this situation, uncertainties are treated as 
randomness and are handled through probability theory is 

addressed in [1,4&11]. Deterministic and Probabilistic models 
in inventory Control is given in [10]. 

A production inventory model for variable demand and 
production is explained in [5]. A continuous production 
control inventory model for deteriorating items is given in [6]. 
A Production Lot-size Inventory Model for Deteriorating Item 
is given in [8 & 12]. The production rate changes according to 
the number of working machines, production rates and 
demand rates change due to weather, economy, competition, 
seasonal promotion, customer status, and forecasting, etc. is 
discussed in [9 &14]. The single-period inventory model is 
applicable in situations involving seasonal or perishable items 
that cannot be carried in inventory and sold in future periods 
and the essential characteristic of the models is that only a 
single time period and only a single procurement is given in 
[7]. Deterministic lot-size inventory model for deteriorating 
items with shortages and a declining market is discussed in 
[13]. Agreement index for a fuzzy number in introduction to 
fuzzy arithmetic is addressed in [2]. In some situations, the 
uncertainties are due to fuzziness. At first fuzzy concept in 
decision making used in [15]. Fuzzy goals, costs and 
constraints were introduced in [3]. The fuzzy linear 
programming model was formulated and an approach for 
solving linear programming model with fuzzy numbers has 
been presented in [16]. 

In an agricultural field during the cultivation, there is no 
deterioration, but during the harvesting, the rate of 
deterioration is linear and after completion of the harvesting, 
rate of deterioration is time dependent. Hence the non-
instantaneous deteriorating inventory model is developed with 
probabilistic production, demand and time dependent 
deterioration rate. Probabilistic production follows increasing 
exponential distribution and probabilistic demand follows 
geometric distribution. The parameters are represented by LU-
bud fuzzy number. This model is defuzzified by agreement 
index method. Finally a numerical example is provided to 
illustrate both the proposed crisp model and fuzzy model. 
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2. ASSUMPTIONS AND NOTATIONS 

The following assumptions and notations are used throughout 
this paper : 

Assumptions 

1. The inventory system pertains single item. 

2. The production process is done during the period  
 (0,t2). 

3. The production rate is a random variable,  
 which follows increasing exponential  

 distribution. pdf ape , 0, 0.a    

4. The demand rate is a random variable, which  
 follows geometric distribution.

  

 1 1pdf (1 )dp p  , 10 1;p   

5. The deterioration rate is time dependent. 

6. During the period (t1,t3) the inventory  
 level depleted due to time dependent  
 deterioration only, during the period  
 (t3,t4) the inventory level depleted due to  
 demand and time dependent deterioration. 

Notations: 

I1(t) -inventory level at any instant of time t,
 1 2;t t t   

I2(t) -inventory level at any instant of time t, 3 4t t t   ; 

Im -maximum inventory level at time t2; 
Is -maximum inventory level at time t3; 
p - production rate (random variable);  

d - demand rate (random variable);  

cs
 -fuzzy setup cost per setup;  

ch
 
-fuzzy holding cost per unit per unit time; 

 cd  
-fuzzy deterioration cost per unit per unit time; 

3. MATHEMATICAL MODEL IN CRISP 
ENVIRONMENT:  

The proposed inventory model is formulated to minimize 
the average total cost, which includes setup cost, holding cost, 
deterioration cost. 

The rate of change of the inventory during the following 
periods are governed by the following differential equations  
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with the boundary conditions I1(t1)=0, I1(t2)=Im, I2(t3)=Is, 
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From equation (2), 
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using boundary condition I2(t4)=0,  
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The expected total cost TC(t1,t2,t3,t4) is minimized by using the 
calculus technique. The optimal value of t1, t2, t3 and t4 have 
been obtained by solving the following equations. 
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4. LU-BUD FUZZY NUMBER AND ITS AGREEMENT 
INDEX METHOD: DEFINITION : (LU-BUD FUZZY 
NUMBER)  

A LU-bud fuzzy number A
~

 described as a normalized convex 
fuzzy subset on the real line R whose membership function

)(~ x
A

  is defined as follows 

 

 

 

This type of fuzzy number be denoted as [ , , ; ],AA a b c W

where 0.5,AW  whose membership function )(~ x
A

  

satisfies the following conditions: 

1. 
A
~  is a continuous mapping from R to the closed 

interval [0,1]. 

2. 
A
~  is a convex function. 

3. 0, 1 .
A

at x b    

4. 0.5 & .
A

at x a c    

5. 
A
~  is strictly decreasing as well as increasing and 

continuous function on [a,b] & [b,c]. 
Properties: 
1. Opposite angles are equal. 

2. The horizontal and vertical diagonal bisect each other and 

meet at 90
. 

3. In the horizontal and vertical diagonal, the base of the 
adjacent angles are equal. 

4. The length of the horizontal diagonal, is twice of the length 
of the vertical diagonal. 

5. If n=0, the LU-bud reduced to two lines, which intersect 
perpendicularly. 

6. If 8,n  the LU-bud shape reduced to the diamond shape 

and the sum of the angles of the diagonal is 360 . (Figure:b) 

5. AGREEMENT INDEX METHOD : 

Let us define the concept of a fuzzy upper bound. A function 
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The agreement index of a LU-bud fuzzy number is of the form  

When H is nonfuzzy, that is, 
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6. THE PROPOSED INVENTORY MODEL IN FUZZY 
ENVIRONMENT IS 
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where ~ represents the fuzzification of the parameters and  
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Agreement index of the total cost is given by 
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The expected total cost iG(E(TC(t1,t2,t3,t4)),H) is minimized by 
using the calculus technique. The optimal value of t1, t2, t3 and 
t4 have been obtained by solving the following equations. 

7. NUMERICAL EXAMPLE 

In one acre land, paddy is cultivated. Cultivation starts from 
sowing the seeds upto the harvesting, which takes the rate 
19.5. After cultivation, the stocks are stored upto the cost is 
raised. After raising the cost, the supply starts in the rate of 
100kg/day. 

The following values of the parameter in proper unit were 

considered as input for the numerical analysis of the above 

problem, 

0 0 .3 ;  1 9 . 5 ;k  2 ;a  5 ;b  1;c 
1 2 5 ;x 

2 1 5 ;x  1 0 .8 1 5 ;  2 0.14 ;   0 .7 ;p   

The data are taken as in fuzzy 
[ 3 0 0 3 5 0 4 0 0 ] ;

[ 8 9 1 0 ] ;

[ 2 4 6 ] ;

c

c

c

s

h

d












 

Using the analytical expressions for ordering cost, holding 

cost, purchasing cost, shortage cost, the optimal values of t1 

,t2,t3,t4, Im, Is and deterioration rate are obtained and list out in 

the following tables for two cases. 
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Table  

Model 
cs

 ch
 cd

 
t1 t2 t3 

Crisp 300 8 2 0.1117 0.5989 0.7586 
Fuzzy 350 8.5 4.5434 0.20 0.51 0.7065 
Model t4 Im Is deterioration 

rate 
TC 

Crisp 1.4004 248.4 240.7 17.9537 14405 
Fuzzy 1.2640 273.9 267.4 19.0326 12267 

Observation 

From the above table, it should be noted that compare to crisp 
model the fuzzy model is very effective method. The expected 
total cost is obtained in fuzzy model is less than the crisp 
model. 
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