
ISSN - 2456-7736
http://ijircms.com/

JIRCMS Vol.: 06 ll Issue 03 ll Pages 01-12 ll Sep.      2022

An EOQ model for non-instantaneous items with quadratic time dependent 
demand, Weibull type deterioration and linear holding cost under trade credits 

with shortages
Ravikant Sharma

Department of Mathematics, Raj Rishi Govt. College, Alwar– 301001 (Rajasthan), India
drravikant15370@gmail.com

Abstract: In today's business environment, a supplier usually offers Permissible delay in payments mainly to 

promote market competition and the holding cost changes as on-hand inventory changes with time. This study 

investigates an EOQ inventory model for non-spontaneous Weibull deteriorating commodities with quadratic 

time-induced demand rate and linearly time-sensitive carrying cost under trade credits. Shortages are permitted 

and partially backlogged, where the backlogging rate is a function of the hold-up time for the upcoming order. 

Mathematical model is demonstrated to finding optimal replenishment policy to obtain maximum total profit. The 

model is discussed under three conditions that depends on the duration of non-deterioration, the time at which 

shortages take place, permissible delay period in payments and replenishment cycle length. This study mainly 

shows the impact of order quantity and permissible delay period on total profit. The outcomes are demonstrated by 

sensitivity analysis of parameters and exhibited it with graphs and also exemplify with numerical examples for 

each case.
Keywords: non-spontaneous Weibull deteriorating commodities, quadratic time-induced demand rate, linearly 
time-sensitive carrying cost, trade credits, Shortages, partially backlogged.
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1. Introduction
Inventory policy plays a major role in any industry. 
Hence, set up of a proper inventory policy counting 
various aspect is essential. Types of demand and 
Deterioration, Shortages, delay in payments, inflation 
etc. are some of those aspects. Some commodities 
decays spontaneous whereas many products such as 
packaged foods and dry fruits ,  chemicals, 
pharmaceuticals, perfumes etc. starts deteriorating 
after a fix time of their packaging. So, study of 
spontaneous and non-spontaneous type of 
deterioration is equally important. In day-to-day life, 
price of goods itself, prices of other related goods, 
population, climate and weather, income distribution 
etc. are the factors that changes the demand of a 
commodity with time, which is unavoidable. In an 
inventory structure costs of financing, damage, 
obsolescence, warehousing, handling inventory 
affects holding cost and because of demand and decay 
it variate with time. So, it is quite wise to take a 
variable carrying cost. To promote market competition 
and sometimes as  a substitute of price discount, 
suppliers provides credit period to the retailer. A 
number of researchers have done significant work in 
this direction including the aforementioned aspects. 
For non-instantaneous deteriorating goods, [1] 
established a multi-item optimal joint replenishment 
model under constant demand rate allowing full 

backlogging. Inventory systems were framed by [16] 
and [20] by assuming defective quality of products 
and a cash discount respectively. [21] presented the 
optimal ordering policies under trade credit policy and  
[6] provided consummate proof for  [21]'s inventory 
model. By taking expiry date and selling price-based 
demand and linearly time linked carrying cost, [28] 
investigated an inventory framework for commodities 
which deteriorates and expires with time considering 
both constant and changing partial backlogging rate. 
Electronic products deteriorates due to technology 
development and sometimes due to breakage. With 
ramp-kind of demand, Weibull deterioration and 
shortages, [30] presented an EOQ model which is also 
capable for seasonal and latest introduced high-tech 
p roduc t s  Whereas  [38 ]  ob t a ined  op t ima l 
replenishment policy for a single product and [3] 
investigated a two-storage inventory framework with 
trade credits under rise of prices.

 Considering stock based demand and variable 
carrying cost, [36] obtained optimal ordering policy 
and discussed it with and without shortages as special 
cases whereas [24] presented a two-echelon inventory 
model assuming that during the shortages, retailer 
provides a price discount to consumers who cancels 
their orders and the supplier and retailer both allows 
delay in payments to their customers to promote the 
market competition.  With price linked demand and 
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Weibull allocation decline, [35] investigated an 
inventory pattern by taking time linked carrying cost, 
with and without shortages and shortages are 
completely backlogged whenever they are allowed 
whereas with same type of demand and decline under 
trade credit policy,  [34] suggested an EOQ model and  
[12] formulated a fuzzy inventory for non-
spontaneous decaying products.   [12] Also used the 
fact that the supplier provides relaxation in balancing 
the account at the finishing of credit duration and also 
considered the chances of high rate of earned interest 
compare to interest payable.  [33] presented different 
types of sales. By Assuming price and time linked 
demand [9] established an economic production 
quantity model dealing with  non-spontaneous 
deterioration nature of commodities with inflation 
under selling price and demand induced customer 
returns and also studied the impact of TVM based on 
Discounted Cash Flow approach. With similar type of 
demand and time linked decay rate under partial 
backlogging  [8] framed a model that deals with 
pricing and inventory limitation and  [32] studied 
effects of credit period, shortages and inflation on an 
EOQ model under partially backlogged shortages.
In this era of advertisement, its cost and frequency 
seriously affects an inventory model. With recurrence 
of advertisement and price dependent demand, 
general kind of decline and carrying cost [26] 
presented a marketing policy included inventory 
model and with advertisement cost and price based 
demand [23] developed an EOQ model with credit 
period subject to inflation and TVM. With same type 
of demand, [37] framed an inventory model 
considering credit period, time discounting and 
salvage value of deteriorated units under inflation. 
In a different case, [11] discussed inventory 
framework for two decaying substitute products 
where demand for a substitute commodity is 
proportional to other's price and own stock and 
inversely proportional to its own price and other's 
stock. With promotional efforts and price dependent 
demand [7] developed a cost minimization model. By 
assuming selling price and inflation dependent 
demand rate, [10] established an inventory model for 
non-instantaneous perishable products with trade 
credits, inflation, partially backlogged shortages and 
customer returns proportional to the sold quantity and 
product price. Two-warehouse inventory models for 
non-spontaneous perishable products were proposed 
by [29] (with stock linked demand) and  [27] (by 
assuming stock and interval-valued inventory prices 
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induced demand rate and shortages with inflation). By 
taking non-linear stock linked demand [2] derived an 
EOQ model with non-linear stock sensitive carrying 
cost and permissible delay in payments under partially 
backlogged shortages and [25] presented a stock-
review framework with stock sensitive demand, 
consistent restock rate and quadratic time based 
decline. In a similar way, [41] discussed an inventory 
model for non-spontaneous perishable products with 
stock linked demand and partially backlogged 
shortages. [5] modified [41] by firstly, setting the 
purpose to optimal total profit, secondly, to counter the 
fact that most retail stores have restricted self-space, 
they set a maximum inventory level, thirdly, when 
shortages are not profitable, there is no provision of 
zero ending inventory. further, [31] extended [5] by 
taking selling price and inventory level induced 
demand with trade credit policy. [40] complemented 
[31] by selling ending inventory as salvages with 
assuming all possibilities of replenishment cycle 
length including shorter than the duration of non- 
decay.
With time induced demand and carrying cost, 
inventory models were proposed by [18] for those 
business units that utilize the conservation technology 
to decrease the deterioration rate of the spontaneous 
deteriorate products and by [19] for the business 
organizations where carrying cost and decline rate 
both are time dependent with time proportional 
deterioration and partially backlogged shortages. 
further, with linearly time linked carrying cost and 
Weibull deterioration, [39] framed inventory models 
dealing with production by assuming quadratic time 
based demand with Salvage value and without 
shortages whereas [22] presented an inventory pattern 
for non-spontaneous decaying products by assuming 
power pattern type of demand under partially 
backlogged shortages and trade credit policy. 

Considering the fact that to boost the market 
competition a retailer who gets permissible delay in 
payments provided by his/her supplier also provides 
this to his/her consumers, [15] studied the effects of 
delay in payments on the classic EPQ model for an 
item with exponential demand whereas [13] analysed 
this impact for Weibull decaying products in two-
storage environment with partially backlogged 
shortage. Similarly, [4] investigated the effects of the 
backlogging rate on the EOQ decisions subject to 
partial backlogged time linked demand.  [17] studied 
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an inventory framework with partially backlogged 
time-induced demand for non-spontaneous decaying 
products and they concluded that replenishment cycle 
time is unique and free from type of demand and [14] 
derived an inventory pattern for a product with 
quadratic time based demand and shortages where 
delay in payments are allowed.

1.1  Problem Narration The primary purpose of 
this  s tudy is  to invest igate an optimal 
replenishment strategy for non-spontaneous 
deteriorating products over infinite time horizon 
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to obtain optimal total profit. For this, in the 
present work, we developed an EOQ model with 
quadratic time dependent demand, two-parameter 
Weibull type decline rate where shortages are 
allowed and partial backlogged with trade credit 
policy and carrying cost linearly depends on time.

The remaining part of the aforementioned study is 
organised in this manner: section 2 contains 
postulations and symbols implemented in formulation 
of this model. Mathematical model and solutions of 
this model depicted in section 3. Solution procedure 
and Numerical examples is presented in section 4 and 
5 respectively. Sensitivity analysis of decision 
variables with respect to the parameters of this paper is 
shown in section 6 and observations based on this 
analysis is discussed in section 7. With suggestions for 
potential future research this paper is concluded in 
section 8.
2. Modeling Assumption and Notations
The underneath postulations and notations are 
assumed to develop the mathematical model of this 
model
1. This inventory systems has particular non-direct 

failing item.
2. The lead time is negligible and replenishment 

take place instantaneously at an infinite rate. 
3. The demand D is a quadratic function of time 't', 

that is 
4.Holding cost has taken as a linearly dependent 

on time,that is                               and 
5. Backorder starts after time 
6. Shortages are tolerated with partially backlogg- 

ing rate for negative inventory is unsteady and 
depends on the length of the hold back time for the 
upcoming restock and it is symbolized by

                 where
7. It is supposed that during period     the commo-

dities has no deterioration. After this period the on-
hand inventory level deteriorates with two 
parameter Weibull decay 

8. Repairing or replacing for the deteriorated units is 
not allowed.  

9. During the trade credit duration, the retailer need 
not have to settle down the account with the 
supplier, the retailer saves earned sales revenue in 
an interest generating account. The supplier starts 
charging interest after the trade credit period M. 
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8. Conclusion
The present work offers an EOQ model for non-
spontaneous deteriorating products with time 
dependent quadratic demand, two parameter Weibull 
type decline rate and time induced linear holding cost 
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subject to trade credit policy with partial accumulation 
of shortages. The model is solved analytically to 
obtain the maximum total profit under three cases 
according to the hypothesis of the time after which 
items starts deteriorate, the time at which shortages 
happens, credit period and replenishment cycle length. 
The parameters namely
 affects the policy making process. Numerical 
examples and sensitively analysis for all three cases 
and for all parameters is performed to minutely 
demonstrate the model. The main outcomes of this 
study are:

· The optimal values of decision variables 
varies sensitively with fraction of demand. By 
increasing the fraction of demand, we can get 
more profit.

· Rise in Order quantity results higher total 
profit.

· If we increase both the fraction of demand 
and order quantity at the same time, it leads 
maximum profit among all cases of this 
model.

· Longer credit period results higher total 
profit.

The future work in this direction can be performed by 
taking exponential time dependent demand or price 
linked demand, considering inflation.
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