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Abstract 

 

In this paper, we purposed an Economic Order Quantity (EOQ) based 

model for deteriorating items with weibull deterioration in a declining 

market when the supplier offers a permissible delay in payments to the 

retailer to settle  the account against the purchases. The algorithm is 

exhibited for an retailer to determine the optimal order quantity which 

minimizes the total inventory cost per time unit. A numerical example is 

given to demonstrate the optimal decision for the retailer. The sensitivity 

analysis is carried out to analysis the changes in the changes in optimal 

solution with respect to other different parameter. 

 

Keywords :  Weibull Deterioration, lot size, trade credit, declining demand 
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1.  INTRODUCTION 
 

Deteriorating inventory models have been widely studied in recent years. The idea 

of optimizing the buyer’s and the vendor’s total functions jointly is initiated by 

Goyal Banerjee develops a joint economic-lot-size model for a special case where 

a vendor produces to order for a purchaser on a lot-for-lot basis. Related review 

work can be found such as Goyal and Gupta and Thomas and Griffin. 

Aderohunmu et al. examine the joint vendor–buyer inventory total costs including 

ordering, setup, transportation and inventory holding for a long- 

term supply relationship, but the number of deliveries per order is predetermined. 

Ha and Kim study the integrated decision of the vendor and the buyer using 

geometric programming. Pan and Yang extend the Ha and Kim model to the 

controllable lead time. Huang adopts the equal shipment size policy in the 

integrated vendor–buyer inventory model to flawed items.Many researchers have 

studied the potential benefit of ordering time/cost reduction to inventory systems. 

Porteus investigates the impact of capital investment in reducing ordering cost on 

the classical EOQ model for the first time. Billington presents an EPQ model with 

the setup cost parameter replaced by a function of capital investment. Several 

relationships between the amount of capital investment and the setup cost level 

have been reported by many researchers. The logarithmic relationship of ordering 

cost to investment discussed is not only an interesting special case but also a 

practical one. This logarithmic investment function has been used in previous 

researches by Paknejad et al. and Sarker and Coates Therefore, the article will 

assume that the relationship between ordering cost reduction and capital 

investment can be described by the logarithmic investment function. Under the 

above joint inventory models, payment for the quantity ordered is made when the 

buyer receives the quantity. In practice, it may not be true, in today’s business 

transactions, the vendors frequently allow credit for some fixed time period for 

setting the payment for the goods and do not charge any interest from the buyer 

on the amount owed during this credit period. Suppliers give a delay period in 

payment to encourage buyers to increase the size of orders. During the period, 

buyers can actually gain the interest from the nonpayment and sales income, while 

suppliers lose the interest income during the same time. Therefore, the existence 

of the credit period serves to reduce the cost of holding stock to the buyers, 

because it reduces the amount of capital invested in stock for the duration of the 

credit period. Goyal establishes a single item inventory model under permissible 

delay in payments. Chung develops an alternative approach to determine the 

economic order quantity under condition of permissible delay in payments. 

Aggarwal and Jaggi consider the inventory model with an exponential 

deterioration rate under the condition of permissible delay in payment. Chang et al. 

extend this issue with linear trend demand. Hwang and Shinn models an inventory 

system for retailer’s pricing and lot sizing policy for exponentially deteriorating 

products under the condition of permissible delay in payment. Teng assumes that  
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the selling price is not equal to the purchasing price to modify Goyal’s model. 

Huang modifies the model by two levels of trade credit. Huang incorporate both 

Huang’s model and Teng’s model by considering the retailer’s storage space 

limited to reflect the real-life situations. Abad and Jaggi develop a seller–buyer 

model with a permissible delay in payments by game theory to determine the 

optimal unit price and the credit period, considering that the demand rate is a 

function of retail price. Chen and Kang consider the integrated models with the 

permissible delay in payments for determining the optimal replenishment time 

interval and replenishment frequency. Other related articles can be found in Jaggi 

et al, Sana and Chaudhuri Chung and Huang , Ouyang et al., Teng and Chang and 

their references There is an extensive literature dealing with the inventory models 

with permissible delay in payments. The integrated inventory model would be 

necessary to incorporate the trade credit. Consequently, this article will 

incorporate permissible delay in payments and order processing cost reduction 

into the integrated inventory model. 

 

In this paper, the demand of a product is assumed to be decreasing with 

time. The decrease in demand is observed for fashionable garments, seasonal 

products etc. Shortages are not allowed and replenishment rate is infinite. Here the 

deterioration is considered as weibull function of time. It is assumed that the 

retailer generates revenue on unit selling price which is necessary higher then the 

unit purchase cost. The total cost of an inventory system per time is minimized. 

The model is supported by a numerical example. The sensitivity analysis is 

carried out to observe the changes in the optimal solution. 

 

 

2.  NOTATIONS AND ASSUMPTIONS 

 

Following are the notations and assumptions for the development of proposed 

model. 

NOTATIONS: 

R(t):=a(1-bt) is the annual demand rate which is decreasing function of time 

where a>0 is fixed demand and b(0<b<1) denote the rate of demand.  

C : is the unit purchase cost 

P : is the unit selling price with(P>C) 

h : is the inventory holding cost per unit per year excluding interest charges. 

A : is the order cost per order. 

M : is the permissible credit period offered by the suppler to the retailer for 

settling the account. 

Ic : is then interest rat  charged per monetary unit in stock per annum by the 

supplier  

Ie : is the interest rate earned per monetary unit per year (Ic>Ie) 

Q : is the order quantity  
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(t) is deteriorating rate which is a weibull function of time as (t)=αβt
β-1

 (>0, 

>0 & t>o) 

I(t) is inventory level at any instant of time t, (0≤t ≤T) 

T : is the replenishment cycle time 

K(T) : is the total inventory cost per time unit 

The total cost of  inventory system consists of (a) order cost (b) cost due to 

deterioration, (c) inventory holding cost (d) interest charged on unsold item after 

the permissible trade credit when M<T, and (e) interest earned from sales revenue 

during  the allowable permissible delay period. 

ASSUMPTIONS: 

1. The inventory system under consideration deals with the single item. 

2. The planning horizon is infinite  

3. The demand of the product is declining function of then time. 

4. Shortages are not allowed and lead-time is zero. 

5. The deteriorated units can neither be repaired nor replaced during the 

cycle time. 

6. The retailer can deposit generated sales revenue in an interest bearing 

account during the permissible credit period. At the end of this period the 

retailer settles the account for all the units sold keeping the difference for 

day-to-day expenditure, and paying the interest charges on the unsold 

items in the stock. 

 

3 MATHEMATICAL MODEL 

 

The inventory level I(t) depletes to meet the demand and deterioration. The rate of 

change of inventory level is governed by the following differential equation. 

     (1) 

Which is equivalent to  

   (2) 

With the initial condition I(0) = Q and the boundary condition I(T)=0. 

Consequently, the solution of (2)  is given by 

I(t)=

             (3) 

The order quantity is  

Q = I(0)=       (4) 
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Inventory level 
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    Figure – 1 (M<T) 

 

The total cost of inventory system per time unit include the followings: 

 

(a) Ordering cost : OC =           (5) 

(b) Deterioration cost per unit time :  

DC=          (6) 

(c) Inventory holding cost per unit timen: 

HC=  

               (7) 

Regarding interest charges and earned two cases may arise based on the length of 

T and M. The two cases are exhibited in figure 1 and figure2. 

 

Case1: M<T 

 

Under the assumption the retailer sells R(M) M units by the end of the permissible 

tread credit   M and has CR(M) M to pay the supplier . For the unsold items in 

the stock , the supplier charges an interest rate Ic from time M onwords. Hence, 

the interest charged , IC1 per time unit is 

(d) IC1=    

 =  



 

1126                           M. K. Meher, G. C. Panda and S. K. Sahu
 

 

 

          

 

  (8) 

During [0,M] the retailer sells the product and deposits the revenue into an interest 

earning account at the rate Ie per monetary unit per year. Therefore, the interest 

earned , IE1 per time unit is  

IE1 = =         (9) 

Hence , the total cost : K1(T) of an inventory system for M<T per time unit is 

K1(T)=OC + PC + HC + IC1 + IE1       (10)  

 

 

Inventory level 

 

 

 

                  

 

 

          Q 

 

 

 

 

                  0              T     M  Time 

     

Figure – 2 (M ≥T) 

Case 2: T≤M 

 

Here, the retailer sells R(T) T-units in all by the end of the cycle time and has 

CR(T) T to pay the supplier in full by the end of the credit period M. Hence , 

interest charges 

(d) IC2=0          (11) 

and the interest earned per time unit is 

(e)  IE2=  

      =       (12) 

So the total cost : K2(T) of an inventory system for M ≥ T per time unit is  
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K2(T) = OC + PC + HC + IC2 – IE2        (13) 

Total cost of the inventory system M=T per time unit can be calculated as  

K1(M)=K2(M)=  

            

            (14) 

For minimizing total cost K1(T) we need to find and solve partial derivative of it T 

with respect to , so 

 

 

                    

 

 
For minimizing total cost K2(T) we need to find and solve partial derivative of it T 

with respect to , so 

 

 
 

4. COMPUTATIONAL ALGORITHM 

 

To obtain optimal solution for the model it is advised to follow the following steps 

 

Step 1 : Initialise  all parametric values. 

Step 2 : Compute T1 from equation (15), if M < T1 then K1(T) gives minimum 

cost else go to step 3 
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Step 3 :  Compute T2 from equation (16), if M>T2 then K2(T) gives minimum 

cost else  

Step 4 : K1(M) = K2(M) , equation (14) is the minimum cost. 

Step 5 : Stop 

 

 

  

5. NUMERICAL EXAMPLE 

 

For the proposed model , let us consider following examples 

 

Example 1 : 

Let a=1000, b=0.2, A=250, C=20, P=40, h=1, Ic=0.12, Ie=0.09, M=30/365, =0.1, 

=2 with proper units, according to step-2 of proposed algorithm in section 4 

T1=0.346045 years which is greater then M=0.082 years. Hence corresponding 

minimum cost is K1(T)=$1326.38 and optimum procurement units are 335. 

 

Example 2 : 

Consider a=600, b=0.1, A=50, C=30, P=35, h=1, Ie=0.15, M=60/365, =0.15, 

=2  with proper units, according to step-3 of proposed algorithm in section 4 

T2=0.153269 years which is less then M=0.1644 years , the minimum cost is 

K2(T2)=$119.281 and optimum purchase units are 91 units 

 

 

 

6.  SENSITIVITY ANALYSIS: 

 

The change in the values of parameters may happen due to uncertainties in any 

decision-making situation. In order to examine the implications of these changes, 

a sensitivity analysis will be of great help in decision-making. Using the 

numerical example given in the preceding section, we performed the sensitivity 

analysis on the optimal solution of the model with respect to major parameters, 

such as b, M, , , Ic, Ie, C, P and h by changing each of the parameters by -50%, 

-25%,  +25%  and  +50%, taking one parameter at a time and keeping the 

remaining parameters unchanged. The results of the sensitivity analysis are shown 

in Table 1 for M<T and shown in Table 2 for M>T. 
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TABLE – 1 
Parameter changed value ch% T ch% Q ch% K1 

b=0.2 -50% -2.174861651 -0.39656509 1.141211765 

 -25% -1.118351659 -0.209314807 0.577389836 

 +25% 1.186839862 0.481245155 -0.592465289 

 +50% 2.451704258 0.495557278 -1.200759803 

     

M=30/365 -50% 1.753240186 1.703142704 1.946240936 

 -25% 1.025300178 0.996183434 1.137442902 

 +25% -1.33132974 -1.294352675 -1.473625496 

 +50% -2.980826193 -2.899397698 -3.293232629 

     

alpha=0.1 -50% 6.003843431 5.594549466 -3.104789471 

 -25% 2.792411392 2.605999165 -1.508299037 

 +25% -2.465864266 -2.307531755 1.431414228 

 +50% -4.670201852 -4.374739102 2.796496465 

     

beta=2 -50% -11.01244058 -9.65442185 18.72145086 

 -25% -5.17215969 -4.66605045 5.926914206 

 +25% 4.072880695 3.740533127 -2.992477349 

 +50% 7.136644078 6.577613453 -4.588214011 

     

Ic=0.12 -50% 15.71009551 15.20901664 -16.04103538 

 -25% 6.938114985 6.731170612 -7.816622194 

 +25% -11.07890592 -10.79819906 14.14529721 

 +50% -19.33361268 -18.88454887 26.9059141 

     

Ie=0.09 -50% 1.175280672 1.141988192 1.301765336 

 -25% 0.589518704 0.572783112 0.652767099 

 +25% -0.593853401 -0.279086409 -0.657289735 

 +50% -1.192041497 -1.158983839 -1.318348333 

     

C=20 -50% 25.94026788 25.05098694 -20.13854341 

 -25% 10.57059053 10.25135667 -9.421404128 

 +25% -7.882789811 -7.676665275 8.511600561 

 +50% -14.07129131 -13.72562466 16.33877557 

     

P=40 -50% 1.175280672 1.141988192 1.301765336 

 -25% 0.589518704 0.572783112 0.652767099 

 +25% -0.593853401 -0.57725565 -0.657289735 

 +50% -1.192041497 -1.158983839 -1.318348333 

     

h=1 -50% 5.834212313 5.661935715 -6.415358871 

 -25% 2.807727319 2.726757708 -3.164337509 

 +25% -2.612377003 -2.540700101 3.082176292 

 +50% -4.997904897 -4.863736657 6.088975321 

 



1130                           M. K. Meher, G. C. Panda and S. K. Sahu
 

 

 

TABLE - 2 

 

Parameter 

changed 

value ch% T ch% Q ch% K2 

b=0.1 -50% -0.260326615 0.12543316 -0.961594889 

 -25% -0.131141979 0.073990241 -0.480378266 

 +25% 0.132446874 -0.061950409 0.47953991 

 +50% 0.266851092 -0.123025194 0.957403107 

     

M=60/365 -50% 0.585897996 0.582727876 213.7171888 

 -25% 0.291644103 0.290050502 106.8611095 

 +25% -0.28968676 * * 

 +50% -0.576111281 * * 

     

alpha=0.15 -50% 3.303994937 3.221421269 -9.066825395 

 -25% 1.586752703 1.547556242 -4.460056505 

 +25% -1.47322681 -1.437446505 4.326757824 

 +50% -2.847934024 -2.779340524 8.530277244 

     

beta=2 -50% -18.44926241 -17.66538899 140.6234019 

 -25% -7.064703234 -6.823957953 34.62831465 

 +25% 3.827910406 3.720636491 -12.05388955 

 +50% 5.70956945 3.691521988 -16.26646323 

     

Ie=0.15 -50% M<T M<T M<T 

 -25% M<T M<T M<T 

 +25% -7.818280278 -14.05683239 -49.21370545 

 +50% -14.12418689 -14.05092192 -49.38464634 

   -100  

C=30 -50% 3.290293536 3.272098017 -9.042513057 

 -25% 1.580228226 1.571635907 -4.448319514 

 +25% -1.468007229 -1.46010328 4.31585919 

 +50% -2.83814731 -2.823121731 8.510156689 

     

P=35 -50% M<T M<T M<T 

 -25% M<T M<T M<T 

 +25% -7.818280278 -7.778716641 -59.34214167 

 +50% -14.12418689 * * 

     

h=1 -50% 3.473631328 3.454446748 -19.42337841 

 -25% 1.695059014 1.566929427 -9.629362598 

 +25% -1.616765295 -1.608083762 9.472589935 

 +50% -3.161761348 -3.145132515 18.79511406 
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NB: '*' indicates non feasible value of T , Q and K2 

After closely observing the table-1 we observe the following points: 

 As the rate of change of demand and deterioration increases, the cycle 

time and quantity order increase while total cost of inventory system 

decrease. 

 As the period of permissible delay in payment, value of , interest 

charged, purchase cost, selling price and holding cost increase  then the 

cycle time and quantity order decrease and total inventory cost  increase. 

 It is seen that the parameter β, Ic(interest rate charged), C(purchase cost) 

are more sensitive parameter as increase and decrease these parameter 

change more percentage of cycle period , quantity ordered and total 

inventory cost. 

 The other parameters like b, M, , Ie, P, and h are less sensitive parameter 

as change in these parameter impact less effect in change cycle period , 

quantity ordered and total inventory cost. 

 

After closely observing the table-2 we observe the following points: 

 

 As the rate of change of deterioration, interest earned and holding cost 

increases , the cycle time(T), quantity ordered (Q) and total cost of 

inventory system (K1) decreases 

 As permissible delay period decreases then the cycle time (T), quantity 

ordered (Q), and total inventory cost (K1)  all increase. 

 As the rate of change of demand, value of  and purchase cost increase, 

the cycle time and quantity order increase while total cost of inventory 

system decrease. 

 It is seen that the parameters β, Ie, P and h are more sensitive parameter 

then the parameters b,  and C. 

 

7. CONCLUSION: 

The inventory model for deteriorating items in a declining market the effect of 

delay period offered by the supplier to retailer is analyzed when the demand of the 

product is decreasing in the market. The amount of inventory is deteriorated at the 

weibull deterioration rate. It is observed that the deterioration parameter β , rate of 

interest charged and purchase cost are more sensitive for the case when credit 

period is less then the cycle period. And for the other case deterioration parameter 

β  interest rate earned , selling cost and holding cost are more sensitive.  
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