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Abstract: In this paper, an inventory models has been developed for introducing
a new product in the market involving different costs. The demand is assumed
as exponentially increasing and production is demand dependent. This proposed
model a constant amount was invested for the advertisement to increase demand for
new products. A mathematical model is developed by using differential equations.
The objective of this model is to find the total cost and to minimize the total cost.
The model is illustrated by numerical examples and sensitivity analysis of optimal
solution with respect to parameters.
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1. Introduction
Inventory plays a very important role for any business organization. Inventory

management refers to the process of ordering, storing, using, and selling a com-
pany’s inventory. Its involves so many costs such as ordering, holding, production
costs, etc. In previous research various models were investigated for minimizing in-
ventory costs and maximizing the profit. Such as Economic Order Quantity model,
deterioration based model, model with demand is a function of time, so on, but in
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these models everyone has focused on different costs. Several researchers developed
inventory model in which demand depends on the stock level but no one talks about
marketing strategy and not included the costs of advertisement in their model. The
advertisement is the most effective way to find out the quality and requirements of
any product. Often people do not know what they want then advertisement plays
a very important role to fulfill their requirements. So advertisement cost is directly
connected to overall inventory cost. It is also concluded that if we introduce our
new product into the market then its demand depends on the advertisement. So
we add advertisement cost in our model. After that in any business transaction,
controlling and maintaining the inventories of deteriorating items is a major issue.
Goods are deteriorating because the values of the goods go down with time. So
deterioration cost is also added to all costs. In this model, all types of costs were
taken together such as production cost, holding cost, deterioration cost, produc-
tion setup cost, shortage cost, and advertisement cost. The aim of our model is to
minimize total cost. In this model, we plan some strategies to minimize inventory
costs.
1. Using the EOQ model to minimize both set-up cost and holding cost.
2. Maintain the quality of our product.
3. Focus on marketing strategy to sell the product before deterioration.
4. Using innovative ways of display of products to attract more customers.

Background of research

The literature works related to this work were also studies and some are dis-
cussed here: Tripathi et al. (2017) established inventory model with exponential
time-dependent demand and time- dependent time-dependent deterioration. Hill
(1995) considers a product subject to a period of increasing demand, according to
a general power law, followed by a period of level demand. Tang et al. (2013)
extended the constant demand to a linear non-decreasing demand function of time
and incorporate a permissible delay in payment under two levels of trade credit
into their model. Riza et al. (2018) developed the implementation of EOQ model
for reducing inventory cost. Shah and Pandey (2009) designed a deteriorating
inventory model in which demand depends on advertisement and stock display.
Chowdhury et al. (2015) observed that when large quantities seen in the market
then people are attracted to buy more goods. This behavior of the customer sug-
gests that demand varies in proportion to the stock level. Shukla and yadav (2013)
designed EOQ inventory model for deteriorating items with exponential time de-
pendent demand rate. Verma and Verma (2014) developed inventory model with
exponentially decreasing demand and linearly increasing deterioration. Sekar and
Uthayakumar (2017) reported four stages of the production inventory model for de-
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teriorating goods in which three (Beginning, growth and maturity) different stages
of production and a decline phase are considered and take exponentially increasing
demand. Khedlekar et al. (2017) studied both the deteriorating seasonal product
preservation technology investment and pricing strategies. Tripathi (2013) designed
inventory model with different demand rate and different holding cost. Tripathi
& Aneja (2017) studied inventory model for stock dependent demand and time
varying holding cost under different trade credits. Rani (2020) designed an inte-
grated EPQ inventory model for delayed deteriorating items with time and price
dependent demand with inflation under discount policy.

2. Notations

I(t) = Inventory level with respect to time t,
D = Demand,
θ = Deterioration rate,
Cp = Production cost per unit time,
Co = Ordering cost,
Ch = Holding cost per unit time,
Cd = Deterioration cost,
Ca = Advertisement cost,
TC = Total cost.

Figure 2.1: Graphical representation of inventory

3. Assumption
In this model, the demand for the product is assumed to increase exponentially

as given by the function aebt, where a & b are scale parameter a > 0, 0 < b < 1.
Production is always greater than or equal to the demand rate. The order quantity
to replenish inventory arrives all at once when the inventory level drops to zero.
Lead time is zero. Shortages are not allowed, deterioration rate is constant. We
consider the constant cost of advertisement in this model.
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4. Mathematical model
The rate of change of inventory level due to demand & deterioration rate during

a positive stock period [0, T ] is given by following differential equations

dI(t)

dt
+ θI(t) = D(t), 0 < t < T, (1)

Considering D(t) = aebt.
Where I(t) is the Inventory level at the start of period t = 0.
The solution of a given differential equation is with a condition I(T ) = 0.

I(t) =
a

θ + b

[
e(θ+b)T−θt − ebt

]
. (2)

Total cost (TC)
The total cost comprises the sum of the production cost, ordering cost, holding

cost, deteriorating cost, and advertisement cost. They are grouped after evaluating
the above cost individually.

4.1.1 Production cost
Production cost includes, labor, raw materials, consumable manufacturing sup-

plies, general overhead, etc. The items are produced during the periods (0, T ).
Hence, the production cost during the above periods is calculated by:

PC = cp

∫ T

0

D(t), (3)

where cp = production cost per unit time

= cp

∫ T

0

aebtdt,

= cp
a

b

[
ebT − 1

]
. (4)

4.1.2 Production setup cost/ordering cost
At the start of the production process, the supplier has to get the equipment

ready. The production setup cost occurs when t = 0 in the interval (0, T ). There-
fore, the production setup cost is given by:

SC = c0, (5)

4.1.3 Holding cost
Since it is necessary to keep the items in stock before selling so holding cost is:
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HC = ch

∫ T

0

I(t)dt, (6)

Where ch= holding cost per unit time

= Ch
a

θ + b

[
ebT (eθT − 1)

θ
− (ebT − 1)

b

]
, (7)

4.1.4 Deterioration cost
Deterioration means decay, evaporation, obsolescence, and loss of quality of a

commodity. When the items are stored in an inventory to meet the customer’s
demand, it deteriorated in this period but we introduce a new product so we take
deterioration constant. Then

DC = θcd, (8)

where, θ = deterioration rate.

4.1.5 Advertisement cost
In this model, we produce a new product in the market. So advertisement plays

a very important role to increase demand for the product. So we take a constant
amount of advertisements in the model.

AC = ca, (9)

Total cost (TC)
The total cost function for the proposed inventory model is defined as follows:

TC = Production cost + Holding cost + Deterioration cost + Production Setup
cost + Advertisement cost.

TC = PC + SC +HC +DC + AC,

TC = cp
a

b

[
ebT − 1

]
+ c0 + ch

a

θ + b

[
ebT (eθT − 1)

θ
− (ebT − 1)

b

]
+ θcd + ca. (10)

Total cost per unit time

TC =
1

T

{
cp
a

b

[
ebT − 1

]
+ c0 + ch

a

θ + b

[
ebT (eθT − 1)

θ
− (ebT − 1)

b

]
+ θcd + ca

}
.

(11)
The Taylor’s series is used for finding optimal solution in exponential terms. In
this series third and higher powers are neglected.
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The objective is to determine optimum value of T so that TC is minimum, we
differentiate partially Eq. (11) with respect to T and equate to zero

∂(TC)

∂T
= 0 (12)

The solution of equation (12) satisfy the condition

∂2(TC)

∂T 2
> 0, for all T > 0.

So the total cost is minimum.

Numerical example
For the numerical illustration of the developed model, the values of various

parameters in proper units can be taken as follows:

Cp = 5, Co = 80, Ca = 40, Cd = 1.2, Ch = 1.0, a = 12, b = 0.2, θ = 0.1

Solving Equation (12) with the above parameters, we obtain T ∗ = 3.163. On
substitution of the optimal value T ∗ in Equation (11), we obtain the minimum
total cost per unit time TC∗ = 274.82.

Sensitivity analysis
We now study the effect of changes in the value of the system parameters a, b,

ch and co. The sensitivity analysis is performed by changing one parameter at a
time and keeping the remaining parameters unchanged. The result shows that the
parameters ch and a are highly sensitive with the total average inventory cost and
parameters b and co are slightly sensitive with the total average inventory cost.

Table 1. sensitivity with various parameter v/s total inventory cost

a TC b TC ch TC co TC
12 274.82 0.2 274.82 1.0 274.82 80 274.82
14 292.25 0.3 255.41 2.0 413.72 100 281.14
16 328.79 0.4 238.91 3.0 552.62 120 287.47
18 364.98 0.5 224.44 4.0 691.52 140 293.79

5. Conclusion
In this article, we design an inventory model for introducing a new product in

the market by considering all the costs that involve to produced the product and
selling the product in the market. We assumed that the demand is an increasing
function and the rate of deterioration is constant. The proposed model is suitable
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for those essential items their demand never we declined. By solving mathematical
model we minimize the total inventory cost. The model has been verified by the
numerical example along with sensitivity analysis. For the future study, the pro-
posed model extend by taking demand exponentially declining function of time,
demand is depends on advertisement and stock display and also can take variable
deterioration rate with respect to time.
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