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Abstract - In present article an inventory model is developed for deteriorating item. In which the deterioration rate is 
constant and the demand function is treated as linear function of advertising frequency and the selling price. The concept of 
quantity discounts is also incorporated to enhance the demand. The cost for holding the inventory is considered as a linear 
function of time and purchase cost.  The optimal values of total cost function and its decision variable like selling price, total 
cycle length and advertising frequency are calculated. The numerical verification and the convexity of model is also 
presented in this paper. The calculation part is carried out with the help of mathematical software Mathematica11. 
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I. INTRODUCTION 
 
The advertisement frequency is play an important 
role in demand enhancing. So, give a boost to the 
study related to this concept, present article is 
developed to elaborate the advertisement policy. 
Geetha and Udayakumar (2016) have developed an 
optimal lot sizing policy for deteriorating items with 
price and advertisement dependent demand. In which 
partially backlogged shortages are allowed. Goyal et 
al. (2017) have elaborated an economic order quantity 
model for imperfect lot with advertisement dependent 
imprecise demand and partial backlogging. Shaikh 
(2017) has explored an inventory model for 
deteriorating item with advertisement and selling 
price dependent demand under mixed type trade 
credit policy. 
 
The quantity discount policy is another factor which 
play an crucial rule in inventory control and 
modeling. In literature Alfares (2015) a profit policy 
is developed in this article with stock-dependent 
demand, time-dependent holding cost, and all-units 
quantity discounts. Palanivel and Uthayakumar 
(2015) have developed a finite horizon EOQ model 
for deteriorating items with price and advertisement 
dependent demand in an inflationary environment 
with partial backlogging. Alfares et al. (2016) have 
established and inventory and pricing model with 
price-dependent demand, time-varying holding cost, 
and quantity discounts. 
 
A production inventory model is developed by 
Muniappan et al. (2016) for vendor–buyer 
coordination with quantity discount, backordering 
and rework for fixed life time products. Taleizadeh 
(2018) has a presented a study on quantity discounts. 
Taleizadeh and Naghmeh(2018) have developed a 
study related to the impact of quantity discount 
contract and cost-sharing contract on a two-echelon 
green supply chain profit. Venegas et al. (2018) have 
studied a two-stage supply chain coordination 

mechanism, in which they have considered the price 
sensitive demand and quantity discounts. In next 
section the assumptions and notation are elaborated, 
which are used in mathematical model formulation. 
In the end the model is numerically illustrated to 
verify the physically. 
 
II. ASSUMPTIONS AND NOTATION 
 
Following terminology is used for the model 
formulation. 
 
Notation 
Notation Description 
I(t):  Inventory level at time t; 
q:  The order quantity; 
Q:  The maximum order level for 
purchase cost range I, i=1,…..I; 
C:  The order cost; 
Cq:  The unit purchase cost; 
Ci:  The unit purchase cost when order 
level is in the range I; 
G:  The advertisement cost; 
h(t):  The holding cost per unit per time 
unit 
휃:  The constant deterioration rate; 
s:  The selling price per unit; 
A:  The advertisement frequency; 
G:  The advertisement cost per 
advertisement; 
D(s,A):  The demand rate; 
T:  The total cycle length; 
OC:  The order cost; 
PC:  The purchase cost; 
HC:   The holding cost; 
AD:  The advertisement cost; 
TCi (q, s, A): The total cost function with 
decision variable qi, s and A; 
Note:  The superscript * is shows the 
optimal value of respective parameters 
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Assumptions 
 
1. The demand rate is function of 
advertisement frequency and unit selling price as 
follows 

퐷(푠,퐴) = 퐴 (푎 − 푏푠) 
where훼, 푎>0 and 0 < b <1; 

2. The unit purchase cost under the constraint 
to all units quantity discount. The unit purchase cost 
Ciis a decreasing step function, which is related with 
order level q: 

Cq = Ci, if Qi-1< q ≤ Qi, C1 > C2………>Ci; 
3. The unit holding cost id direct function of 
unit purchase cost and time, given as below: 

ℎ(푡,퐶 ) = (ℎ + ℎ 푡)퐶  
where ℎ > 0 푎푛푑 0 < ℎ < 1 are positive constants; 
4. To acquire profitability and feasibility 

Ci< s <푎/b; 
5. The shortages are not allowed; 
 
III. MATHEMATICAL MODEL 
FORMULATION 
 
The functioning of inventory in present system is 
given by differential equation which is given below. 
 

( ) + 휃퐼(푡) = −퐴 (푎 − 푏푠);  0 ≤ 푡 ≤ 푇           (1) 
 
Solving (1) under the conditions Q(0) = q, we get 
푒 퐼(푡) =  −퐴 (푎 − 푏푠) 푡 + + 푞           (2) 

푞 =  퐴 (푎 − 푏푠) 푇 +             (3) 
 
The total cost function includes following cost 
parameters: 
1. The order cost (OC) = C/T                         
(4) 
 
2. The purchase cost (PC) = qCi           (5) 
 
3. The advertisement cost (AD) = AG                
(6) 
 
4. The holding cost (HC): 
 

퐻퐶 =
퐶
푇 (ℎ + ℎ 푡)퐼(푡)푑푡 

퐻퐶 = 퐶 (ℎ + ℎ 푇) 1− − + ℎ +

(ℎ − ℎ 휃) − ℎ            (7) 
 
The total cost function is as follows: 
 
푇퐶 (푇, 푠,퐴) = 푂퐶 + 푃퐶 +퐻퐶+AG                         
(8) 
 

The optimal values of total cost function is calculated 
by using following necessary and sufficient 
conditions 

휕푇퐶 (푇,   푠,   퐴)
휕푇 = 0,

휕푇퐶 (푇,   푠,   퐴)
휕퐴

= 0,
휕푇퐶 (푇,   푠,   퐴)

휕푠 = 0;
 Provided DET(H1)>0, DET (H2)>0 where H1, H2 

are the principal minor of  the Hessian matrix. Here is 
the Hessian Matrix of the total cost function for 
푖 = 1,2 … 퐼 
 

 
IV. NUMERICAL ILLUSTRATION 
 
The numerical verification is done by using following 
values of different parameters which are used in total 
cost function. 
퐶 = 519, 푎 = 100, 푏 = 0.5. ℎ = 0.19, ℎ =
0.049,퐶 = 5,퐺 = 21,퐶 = 4.749,퐶 = 4.49,푄 =
0,푄 = 101,푄 = 199. 
 
The optimal values are as follows: 
TC* (T, s, A) = 443.89, T* = 1.397, s* = 36.518, 
A*= 0.069 
The convexity of the total cost function is shown in 
the figure 1 

 
 

Figure 1:  Convexity of total cost function w.r.t T* and A*. 
 
CONCLUSION 
 
In this study a quantity discount policy is developed 
for deteriorating items. The optimal values of total 
cost function and decision variables like selling price, 
total cycle length and advertisement frequency, are 
calculated by using mathematical software 
Mathematica11. The convexity of the cost function is 
also presented in the paper which shows the 
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optimality of the model. This study can be further 
extended by incorporating other parameters of 
inventory control and modelling. 
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