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A STUDY ON OPTIMUM INVENTORY CONTROL SUPPLY
CHAIN POLICY WITH VARYING COST

S.SRIVIDHYA ! * AND P. MUNIAPPAN 2

ABSTRACT. In this paper we develop a supply chain inventory policy with vary-
ing transportation cost and unit price. We formulate a mathematical model using
various costs involved in the inventory to determine the Economic ordering quan-
tity to be purchased by the decision maker and optimum cost to the business
for running a smooth supply chain system. Using the differential equation, we
minimize the total inventory cost and quantity which would be effective for the
business and optimize the inventory levels, reduce the holding cost, balancing
stock outs and improve the overall supply chain system. The numerical examples
have been illustrated.
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1. INTRODUCTION

Supply chain management and inventory control are essential for making sure that
firms, especially those in the manufacturing, distribution, and retail industries, run
smoothly. The process of observing and controlling the movement of items from the
stock room is known as inventory control. It involves controlling the stock levels to
make sure there is never an overabundance or shortage of goods. The foremost goals
of inventory control are to reduce holding costs and avoid other costs, to balance
inventory levels to meet customer demand without overstocking or under stocking,
and to simplify inventory management procedures like ordering, receiving, storing,
and tracking. Coordination and integration of multiple operations both inside and
outside of businesses are key components of supply chain management, which guar-
antees the smooth relocation of goods and services from the point of source to the
final consumer. It includes every step of the production and distribution process,
from locating items to the last delivery.

The procurement of finished goods or raw materials from suppliers, product as-
sembly or manufacturing, storage, management, and transportation to distribution
centres or directly to customers are among the essential elements of supply chain
management. Other essential elements include controlling inventory, warehousing,
and transportation within the supply chain and forecasting customer demand to
align production and inventory levels. Therefore, inventory control is the precise
process of controlling the amount of inventory that a business has on hand, whereas
supply chain management is the more comprehensive set of tasks involved in sourc-
ing, manufacturing, and shipping goods to clients. Both are essential for companies
to run smoothly and effectively satisfy client demand. Inventory management deci-
sions and optimal inventory levels are achieved through the application of quantita-
tive methodologies known as mathematical inventory models. These models often
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use mathematical formulae and algorithms to figure out the best ordering strategies,
inventory levels, and reorder points.

An inventory cost-minimization methodology known as EOQ is used to identify
the best order quantity. The order-placing cost and carrying cost are balanced in
the model. Different inventory control strategies specify the amount and timing
of orders. Common policies include placing orders at predetermined intervals, re-
viewing inventory levels periodically to determine order quantities, placing orders
whenever inventory levels reach a predetermined reorder point, and placing orders
to replenish inventory whenever it drops below a predetermined base stock level. In
general, an inventory supply chain policy is developed win- win outcomes for both
buyer and vendor. In this motive we develop inventory control supply chain policy
with varying unit price and transportation cost.

1.1. Research gap and our contribution. Every inventory model has partic-
ular presumptions and works best under particular circumstances. A number of
variables, including lead times, production capacities, cost structure, and demand
prediction, influence the choice of model. In many research papers taken ordering
and holding expenses into account, the EOQ model calculates the ideal order quan-
tity that minimizes the overall cost. In this paper we discussed about the variable
x be the order to which the inventory is raised in the beginning of a run of inter-
val, y be the shortage arises and it increases from zero to the interval of time and
we have considered the varying transportation cost for transporting ordering goods
from origin to destination.

The partial differential equations have been considered with respect to the quan-
tity and varying inventory of goods. Here we have considered the total cost function
as the sum of ordering cost, holding cost, shortage cost, varying transportation cost
and unit variable cost per order. Businesses can lower inventory-related expenses like
storage, handling, and stockouts by using mathematical models, which balance the
costs of ordering, holding, and possible stockouts, resulting in cost-effective inven-
tory management. In addition to providing data-driven insights that help managers
make well-informed decisions about ordering quantities, frequency, and safety stock
levels, mathematical inventory models also frequently incorporate forecasting tech-
niques to predict future demand based on historical data, enabling businesses to
better plan their inventory and react to demand fluctuations.

1.2. Study of flow. The focus of this paper is to address the retailer supply chain
system where the Inventory flow analysis is frequently done using mathematical
model Economic Order Quantity (EOQ). Accurate demand forecasting is one of
the most difficult aspects of inventory management. Seasonal variations, market
trends, or outside events can all cause demand to fluctuate erratically.A number
of factors, including production delays, shipping problems, customs clearance, and
supplier performance, can affect the lead time. Overstocking raises holding costs
and the risk of obsolete inventory, while stockouts result in lost sales, disgruntled
customers, and the need for emergency replenishments. It is difficult to balance
inventory levels to prevent both overstocking and stockouts, which lead to higher
holding costs and decreased profitability. A system’s flow of commodities, including
how quickly inventory is used up, refilled, and stored in stock, is captured by these
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models. In this paper we have considered the variable x be the order to which the
inventory is raised in the beginning of a run of time interval t and y be the shortage
arise from zero during the interval of time.

2. LITERATURE REVIEW UNDER KEYWORDS

Sarkar, B., & Sarkar,S [1] discussed about the inventory model for degrading
items, which sets the sufficient and necessary criteria for the existence and unique-
ness of the optimal solution, and which is reliant on inventory levels and changes
the pace of deterioration in some circumstances. To find the best ordering amount
and replenishment cycle time so that the total profit per unit time is maximized, a
straightforward algorithm has been suggested. Sarkar, B.[2] In an imperfect produc-
tion process affected by inflation, the study examines an economic manufacturing
quantity (EMQ) model incorporating price and advertising demand patterns. To
make the defective things like new, they must be reworked at a cost. With time,
more things of lower quality are produced. The author took into consideration that
the cost of development, production, and materials is reliant on the dependability
parameter in order to limit the creation of faulty things. Taking reliability into
account as a variable for decision-making, the author creates an integrated profit
function that control theory maximizes. Goyal, S. K., & Giri, B. C[3] reviewed the
analysis of declining inventory, including fixed-life perishable inventory and inven-
tory subject to ongoing exponential decay, and categorized the inventory based on
changes in demand as well as other variables or limitations.

Najafnejhad, E et al [4] studied about a mathematical inventory model for a
single-vendor multi-retailer supply chain which analysed on the Vendor Manage-
ment Inventory Policy. Ebrahimi, S. B et al [5] performed problem consists of two
objective functions, the problem as a single objective to obtain the lower and upper
bounds value of the goals. Mishra, U et al [6] studied how greenhouse managers
should invest in safeguarding and green technologies and introduce trade credit to
increase their profits. Alkahtani, M et al [7] discussed about the mathematical model
and optimizing the process outsourcing of damaged product with variable quantity
for the effective supply chain management. Nasrollahi, M et al [8] studied about the
combined Medicinal Supply Chain design with an expected coverage in the differ-
ent hospitals with specific reliability value for different pharmaceutical substances.
Mohammadi, H et al [9] discussed about worsening and seasonal products, such as
fresh product supply and disposal of the worsened products are presented as a math-
ematical model of the location-routing problem.Davizon, Y. A et al [10] studied the
mathematical modelling, optimal control, and stability analysis for dynamic supply
chain. Aghsami, A et al [11] addresses various aspects of the blood collection centres
and blood storage and its deteriorations are considered over a planning horizon. Ya-
dav, A. S et al [12] discussed the possible level of excess stock and shortage required
for green supply chain stocks of industry to find the minimum total cost in supply
chain. Jagadeesan, V et al [13] established a production, re-do, and idle slots are
the three distinct states of the production unit in the two-warehouse production
inventory.

The production slot produces new things, the re-do slot re-does detected defective
items, and the idle slot is in an idle state. The optimal total production cycle cost
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is determined explicitly in relation to the total production slot time and total cycle
duration of the optimization variables. It was accomplished in each warehouse with
a common demand rate but with varying rates of deterioration. Using the discrim-
inant method, an analytical expression for the total cost of the production cycle is
determined and optimized. Cortés, P et al [14] has presented a new mixed-integer
linear programming model that builds on the foundations of production-inventory
models and is inspired by aggregate production planning principles. Its goal is to
optimize the network of distributed energy resources. The energy demands for heat-
ing and electricity over multiple periods can be satisfied by existing energy storage
nodes or by a set of energy generation nodes.Jauhari et al [15]This study examines
a mathematical inventory model for a supply chain with closed loops with just one
manufacturer and one retailer in the setting of imperfect manufacturing and a sto-
chastic environment. The manufacturer returns returned goods from the market by
implementing a remanufacturing policy.

Daset al [16]discussed how a green product’s price affects consumer demand and
purchasing patterns, how the best inventory management techniques are adapted
to various payment methods, including credit, cash, and advance payments, and
how pricing strategy is most effective in striking a balance between market demand
and profitability.Limi, A. et al [17]introduces a new sustainable inventory model
that takes into account time-dependent holding costs and quadratic demand, specif-
ically designed for non-instantaneous deteriorating items. Shortages are permitted
because the holding cost has been deemed time-dependent.Farel [18] developed a
cost description and came to the conclusion that the continuous review (Q) back
order technique was selected because it had the lowest overall inventory costs. The
company method and the Q back order method could be compared. [19] deter-
mined the ideal order quantity, prevented excess and shortage of stock, and more
effectively reduced inventory costs by analyzing the integrated circuit raw material
inventory using the Just in Time and Economic Order Quantity methods. Safety
stock analysis, reorder point, and total inventory cost are all included to provide a
more complete picture of optimal inventory management.

3. PROBLEM DISCRIPTION, ASSUMPTIONS & NOTATIONS

This inventory mathematical model’s goal is to limit the overall expenses incurred
by the retailer, buyer, or vendor that buys the final goods from the manufacturer
or vendor and resells them to consumers. We talked about the store sending goods
to customers via shipping, which incurs transportation expenses, in this paper. The
merchant will be responsible for overseeing the overall expenses, which include setup,
shortfall, unit variable, and shipping costs. The assumptions and symbols used in
this model are as follows:

D- Demand per unit per item

A- set up cost (in $)per cycle.

Shortages are allowed.

Q- Order quantity per item per order.

h- holding cost (in $) per unit per time period

s- Shortage cost (in $)per unit per time period

x- be the order to which the inventory is raised in the beginning of a run of time
interval t.
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FiGure 1. Inventory Mathematical Model’s

y- be the shortage arise and increase from zero to the remaining interval of time.
By - Transportation cost (in $) per order per quantity.

TAC- Total Annual Cost (in §)

Q*- Optimum order quantity per order.

4. MODEL FRAMEWORK OF SUPPLY CHAIN

The mathematical representation of players 1 and 2 serves as a buyer and retailer
in this model. This model is suitable for the retailer than the vendor. Mathemati-
cally, the retailer’s total cost function is defined as follows.

Total cost = Ordering cost + holding cost + shortage cost + varying transporta-
tion cost 4+ Unit variable cost per order.
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Since the shortage cost is very small and it will not affect the condition minimum.
Also, the value of the second derivative test is positive which is greater than zero.
Using second derivative test of Partial differential equation rs—t? > 0 (where r, s and
t are partial derivatives) implies the function is minimum. Hence by the necessary

and sufficient condition for maxima and minima we get 8;520 a;zzc — ggéi} >0
is satisfied. We assumed that the order quantity which is greater than 1. So there
won’t be any restriction for the denominator being zero.Some inventory models as-
sume that certain variables such as lead time, demand, or reorder quantity must
remain within certain bounds if a variable fall outside those bounds, the function
may become undefined. Particularly, those models that rely on assumptions about
demand may exhibit undefined behaviour if the underlying assumptions are violated.

The Total variable cost is the optimal (minimum) Inventory cost.

Therefore,
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Hence the optimum order quantity Q*4/ % and the minimum inven-
tory total cost is
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5. SOLUTION METHODOLOGY

In this paper we optimize the total cost by using the method of differential calcu-
lus and optimum solution has got from MATLAB. If the demand rate is continuous
and deterministic, the goal is to determine when and how much to order can be
modelled by solving the differential equation, optimizing the decision over time,
Optimize ordering policies, Determine optimal inventory levels over time in contin-
uous inventory systems, Minimize total cost functions involving ordering, holding,
and shortage costs. The primary advantage of using differential calculus is that it
provides continuous optimization, especially in continuous-time models, making it
easier to model and optimize inventory.

6. NUMERICAL ANALYSIS

The following table analyses the optimum quantity for running of smooth busi-
ness and total annual cost of the retailer based on the set-up cost, transportation
cost, item cost, holding cost and shortage cost using MATLAB. The table shows
the optimum cost for the business.The values are taken at random which gives the
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optimum values by using MATLAB.

The table analyses the optimum quantity for running of smooth business and
total annual cost of the retailer based on the set-up cost, transportation cost, item

cost, holding cost and shortage cost using MATLAB.

D (units) | A(in $) | BO(in $) | I(in $) | H(in $) | S(in $) | Q* | TAC Z(in $)
1000 3000 3 20 0.75 0.05 | 361 16622
1000 3000 3 20 0.8 0.05 | 361 16622
1000 3000 3 20 0.85 0.05 | 361 16622
1000 3000 3 20 0.9 0.05 | 361 16622
1000 3000 3 20 0.95 0.05 | 361 16622
1000 3000 3.1 20 0.85 0.05 | 360 16658
1000 3000 3.2 20 0.85 0.05 | 359 16694
1000 3000 3.3 20 0.85 0.05 | 359 16730
1000 3000 3.4 20 0.85 0.05 | 358 16766
1000 3000 3.5 20 0.85 0.05 | 357 16801
1000 3000 3 21 0.85 0.05 | 349 17190
1000 3000 3 22 0.85 0.05 | 342 17535
1000 3000 3 23 0.85 0.05 | 336 17874
1000 3000 3 24 0.85 0.05 | 330 18207
1000 3000 3 25 0.85 0.05 |324 18533
1100 3000 3 20 0.85 0.05 | 379 17433
1200 3000 3 20 0.85 0.05 |395 18208
1300 3000 3 20 0.85 0.05 | 412 18952
1400 3000 3 20 0.85 0.05 | 427 19667
1500 3000 3 20 0.85 0.05 | 442 20357
1000 3100 3 20 0.85 0.05 | 367 16897
1000 3200 3 20 0.85 0.05 | 373 17167
1000 3300 3 20 0.85 0.05 | 379 17433
1000 3400 3 20 0.85 0.05 | 384 17695
1000 3500 3 20 0.85 0.05 {390 17954
1000 3000 3 20 0.85 0.1 361 16629
1000 3000 3 20 0.85 0.2 361 16642
1000 3000 3 20 0.85 0.3 360 16653
1000 3000 3 20 0.85 0.4 360 16662
1000 3000 3 20 0.85 0.5 360 16670

EOQ formula provides an optimal order quantity that minimizes total inventory
costs, which include ordering and holding costs. Managers can use this EOQ model

TABLE 1. Various costs involved in this model

7. MANAGERIAL INSIGHTS
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to determine the most cost-efficient quantity to order each time, to predict demand
and modify inventory control measures as necessary. They can lower the risk of
stock outs or excess inventory by integrating variability into inventory decisions,



A study on optimum inventory control supply chain policy with varying cost

Fig.4
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which will better prepare them for variations in demand. Based on the fluctuations
in lead time and demand, managers must establish the proper safety stock levels.
While too little safety stock can lead to stock outs, too much safety stock ties up
cash. This helps in avoiding overstocking or under stocking and to determine when
to reorder products and how much to order.

8. CONCLUSION AND FUTURE EXTENSION

In this paper we developed a mathematical model for the situation where we find
supply chain problem to find the optimal quantity of items to be supplied based on
the demand. Here we analyzed various costs which are involved in this model and
obtained EOQ for running the business effectively and the total annual inventory
costs when some changes in the parameters. Fig.1 represents the effect of changes
when the item costs vary and the demand, setup cost, holding costs, transportation
costs remain unchanged. In this condition we could identify that the total annual
inventory cost also increases gradually. Fig.2 represents the effect of changes when
setup cost varies and the other parameters remain unchanged. In this condition we
could find the minor fluctuation occurs in the total annual inventory cost. Fig.3
represents the effect of changes when the holding cost changes while the other pa-
rameters remain unchanged. That is based on the minor fluctuation of holding cost
the total inventory costs shows that it is linear because of minor fluctuation in the
holding cost.

If there is big increase in the holding cost then it will show the great increase
in the total inventory cost which will affect the smooth running of supply chain.
Also, we have taken the slight variation in the transportation cost which will not
affect much in the total inventory cost as the goods will be supplied as much as
possible. Fig.4 represents the comparison of the three conditions what happens
to the total annual inventory cost when the other parameters have fluctuations.
We conclude this paper by finding the total annual inventory cost increases when
there is an increase in the holding cost, transportation cost, setup cost and item
cost. So, the business management can make decision about the inventory policy
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which minimizes the total yearly inventory cost for the effective supply chain and
for the optimum profit in the business.This paper’s extension could address different
demand patterns, manufacturing models, holding costs, and transportation costs,
both with and without buyer-vendor coordination, in order to determine the best
overall cost and profit for the manufacturer, buyer, vendor or retailer.

(1]

2

3

4

5

6

[7

B

9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

REFERENCES

Aghsami, A., Abazari, S. R., Bakhshi, A., Yazdani, M. A., Jolai, S., & Jolai, F. A meta-
heuristic optimization for a novel mathematical model for minimizing costs and mazimizing
donor satisfaction in blood supply chains with finite capacity queueing systems. Healthcare
Analytics, 100136 (2023).

Alkahtani, M. Mathematical modelling of inventory and process outsourcing for optimization
of supply chain management. Mathematics, 10(7)(2022), 1142.

Cortés, P., Escudero-Santana, A., Barbadilla-Martin, E., & Guadix, J. A production-inventory
model to optimize the operation of distributed energy resource networks in a rolling horizon.
Heliyon, 10(21)(2024).

Das, S. C., Khan, M. A. A, Shaikh, A. A., & Alrasheedi, A. F. Interval valued inventory model
with different payment strategies for green products under interval valued Grey Wolf optimizer
Algorithm fitness function. Egyptian Informatics Journal, 28(2024), 100561.

Davizon, Y. A. Mathematical Modeling, Optimal Control and Stability Analysis for Dynamic
Supply Chains, 2020.

Ebrahimi, S. B., & Bagheri, E. Optimizing profit and reliability using a bi-objective mathe-
matical model for oil and gas supply chain under disruption risks. Computers & Industrial
Engineering, 163(2022), 107849.

Farel, F. M., & Aryanny, E. Optimizing Raw Material Inventory Control with Continuous and
Periodic Review. Journal La Multiapp, 5(4)(2024), 346-360.

Goyal, S. K., & Giri, B. C. Recent trends in modeling of deteriorating inventory. European
Journal of operational research, 134(1)(2001), 1-16.

Jagadeesan, V., Rajamanickam, T., Schindlerova, V., Subbarayan, S., & Cep, R. A study on
two-warehouse inventory systems with integrated multi-purpose production unit and partitioned
rental warehouse. Mathematics, 11(18)(2023), 3986.

Jauhari, W. A.] Affifah, D. N., Laksono, P. W.; & Utama, D. M. A closed-loop supply chain
inventory model with stochastic demand, exchange rate, green investment, and carbon tax.
Cleaner Logistics and Supply Chain, 13(2024), 100168.

Limi, A., Rangarajan, K., Rajadurai, P., Akilbasha, A., & Parameswari, K. Three ware-
house inventory model for non-instantaneous deteriorating items with quadratic demand, time-
varying holding costs and backlogging over finite time horizon. Ain Shams Engineering Journal,
15(7)(2024), 102826.

Mishra, U., Mashud, A. H. M., Tseng, M. L., & Wu, J. Z. Optimizing a sustainable supply
chain inventory model for controllable deterioration and emission rates in a greenhouse farm.
Mathematics, 9(5)(2021), 495.

Mohammadi, H., & EhteshamRasi, R. Multi-Objective Mathematical Model for Locating Flow
Optimization Facilities in Supply Chain of Deteriorating Products. Journal of System Manage-
ment, 8(1)(2022), 51-71.

Najafnejhad, E., TavassoliRoodsari, M., Sepahrom, S., & Jenabzadeh, M. A mathematical in-
ventory model for a single-vendor multi-retailer supply chain based on the Vendor Management
Inventory Policy. International Journal of System Assurance Engineering and Management,
12(3)(2021), 579-586.

Nasrollahi, M., & Razmi, J. A mathematical model for designing an integrated pharmaceuti-
cal supply chain with maximum expected coverage under uncertainty. Operational Research,
21(2021), 525-552.

Sarkar, B., & Sarkar, S. Variable deterioration and demand — An inventory model. Economic
Modelling, 31(2013), 548-556.

Sarkar, B., An inventory model with reliability in an imperfect production process. Applied
Mathematics and Computation, 218(9)(2012), 4881-4891.



A study on optimum inventory control supply chain policy with varying cost

[18] Silalahi, M. L., Devano, A. M., Naldi, S., & Putra, A. Streamlining Raw Material Inventory
for Integrated Circuits: An Analysis of Leadframe and Diewafer Supply Using EOQ and JIT.
In Sixth International Conference on Applied Economics and Social Science (ICAESS 2024)
(pp. 353-370)(2024, December). Atlantis Press.

[19] Yadav, A. S., Kumar, A. M. I. T., Agarwal, P. R. I. Y. A. N. K. A,, Kumar, T. A. N.
U. J., & Vanaja, R. LIFO in green supply chain inventory model of auto-components indus-
try with warehouses using differential evolution. Advances in Mathematics: ScientificJournal,
9(7)(2020), 5121-5126.

RESEARCH SCHOLAR, DEPARTMENT OF MATHEMATICS, SATHYABAMA INSTITUTE OF SCIENCE
AND TECHNOLOGY, CHENNAI — 600 119, TAMIL NADU, INDIA.
Email address: srdhasarathi170220190gmail.com

ASSISTANT PROFESSOR, DEPARTMENT OF MATHEMATICS, SATHYABAMA INSTITUTE OF SCIENCE
AND TECHNOLOGY, CHENNAI — 600 119, TAMIL NADU, INDIA.
Email address: munichandru@yahoo.com

493



