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Abstract

This study presents a reliability-based optimization framework for managing a two-warehouse
inventory system in the dairy industry, specifically addressing the complexities posed by product spoilage,
shortages, and inflation. The proposed mathematical model integrates key inventory management
principles with spoilage dynamics, shortage scenarios, and economic inflation, under a First-In-First-
Out (FIFO) dispatching policy. By prioritizing the shipment of older stock, the model aims to reduce
spoilage and enhance product turnover. It incorporates dairy product expiration rates to determine
optimal replenishment and dispatch strategies while also identifying and mitigating potential operational
bottlenecks. Additionally, the influence of inflation on inventory-related costs is embedded within the
model to reflect real-world economic fluctuations. Through the application of advanced optimization
algorithms implemented in MATLAB, the model seeks to minimize total inventory costs and improve
supply chain efficiency. Overall, this research offers a comprehensive and practical tool for enhancing
inventory decision-making in perishable goods industries like dairy.

Keywords: Inventory, Ramp Type Demand, Deteriorating Items, Inflation, Shortages and
Reliability-Based Optimization.

1. INTRODUCTION AND RELATED WORK

Effective inventory management is vital for the dairy industry to ensure product quality, minimize
costs and meet customer demand. However, inventory management in the dairy industry poses
unique challenges due to factors such as the expiration of perishables, the possibility of shortages,
and the impact of inflation on costs. To address these challenges, the dairy industry’s inventory
model includes two warehouses for deteriorating items. congestion and inflation as part of
the FIFO shipping policy, a systematic approach to optimizing inventory decisions. The model
draws on the theories of inventory management, decomposition, shortages and inflation to
provide a comprehensive framework for effective inventory management in the dairy industry.
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By integrating these theories, the model aims to find a balance between maintaining optimal
inventory levels, minimizing the risk of product deterioration, reducing shortages and controlling
costs in the face of inflation.

The FIFO shipping policy, which ensures that the oldest stock is shipped first, is introduced to
prioritize the use of products with a shorter remaining shelf life. This policy reduces the risk of
product spoilage and waste and improves overall product quality and customer satisfaction. In
addition, the model takes into account the spoilage of dairy products and their specific spoilage
rates. By considering product shelf life and incorporating restocking and shipping policies
accordingly, the model enables companies to optimize inventory turnover and minimize spoilage
losses.

Bottlenecks in the dairy industry can lead to lost sales and dissatisfied customers. The model
solves this problem by optimizing stock levels and reordering decisions to reduce occurrences of
stock-outs and improve customer service. By minimizing bottlenecks, companies can improve
customer satisfaction and gain a competitive advantage in the marketplace. In addition, the
model takes into account the impact of inflation on inventory costs. By factoring in inflation,
businesses can make informed decisions on pricing, order quantities, and inventory costs to
adjust to changing economic conditions and maintain profitability.

The Dairy Industry Two-Warehouse Inventory Model for Spoiled Items with Shortages and
Inflation under the FIFO Shipping Policy provides a theoretical foundation and practical guidance
for dairy companies to optimize their inventory management practices. By using mathematical
techniques and optimization algorithms, companies can increase operational efficiency, reduce
costs, and improve overall business performance in the dynamic dairy industry.

However, there are a number of things whose significance does not remain the same over
time.The deterioration of these substances plays an important role and cannot be stored for long
Yadav et al. [1-10]. Deterioration of an object can be described as deterioration, evaporation,
obsolescence and loss of use or limit of an object, resulting in lower stock consumption compared
to natural conditions. When commodities are placed in stock as inventory to meet future needs,
there may be deterioration of items in the system of arithmetic that may occur for one or more
reasons, etc. Storage conditions, weather or humidity, Yadav et al. [11-20]. Inach it is generally
claimed that management owns a warehouse to store purchased inventory. However, management
can, for a variety of reasons, buy or give more than it can store in its warehouse and name it OW,
with an additional number in a rented warehouse called RW located near OW or slightly away
from it Yadav et al. [21-53]. Inventory costs (including holding costs and depreciation costs) in RW
are usually higher than OW costs due to additional costs of handling, equipment maintenance, etc.
To reduce the cost of inventory will economically use RW products as soon as possible. Actual
customer service is provided only by OW, and in order to reduce costs, RW stocks are first cleaned.
Such arithmetic examples are called two arithmetic examples in the warehouse Yadav and Swami
[54-61]. Management of supply of electronic storage devices and integration of environment and
nervous networks Yadav and Kumar [62]. Analysis of seven supply chain management measures
in improving the inventory of electronic devices for storage by sending an economic load using
GA and PSO and analysis of supply chain management in improving the inventory of storage
and equipment using genetic calculation and model design and analysis of chain inventory
from bi warehouse and economic difficulty of freight transport using genetic calculation Yadav,
A.S. [63-65]. Inventory policies of inventory and inventory requirements and different storage
costs under allowable payments and inventory delays An example of depreciation of goods and
services of various types and costs of holding down a Business-Loan and an inventory model
with sensitive needs of prices, holding costs in contrast to loans of business expenses under
inflation Swami et al. [66-68]. The objectives of the Multiple Objective Genetic Algorithm and
PSO, which include the improvement of supply and deficit inventory, inflation, and a calculation
model based on a genetic calculation of scarcity and low inflation by PSO Gupta et al. [69-70]. An
example with two warehouses depreciation of items and storage costs under particle upgrade
and an example with two warehouses of material damage and storage costs in inflation and soft
computer techniques Singh et al. [71, 72]. Delayed alcohol supply management and refinement
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of particles and green cement supply system and inflation using particle enhancement and
electronic inventory calculation system and distribution center using genetic calculations Kumar
et al. [73-75]. Example of depreciation inventory with two warehouses and stock-based stocks
using a genetic inventory and vehicle inventory system for demand and inflation of stocks with
two distribution centers using genetic inventory Chauhan and Yadav [76-77]. Marble Analysis
Improvement of industrial reserves based on genetic engineering and multi-particle improvement
Pandey et al. [78]. White wine industry in supply chain management using nervous networks
Ahlawat, et. al. [79]. Best policy for importing damaged items immediately and payment of
conditional delays under the supervision of two warehouses Singh, et. al. [80].

The research by Yadav et al. [81] centers on improving inventory management for perishable
commodities through the lens of green technology investments, considering factors such as
selling price, carbon emissions, and time-sensitive demand. In another analysis, Yadav, Yadav,
and Bansal [82] utilize an interval number technique to explore a two-warehouse inventory
management model for perishable goods, addressing demand and cost uncertainties. Their
optimization methods highlight how investing in preservation technology can reduce waste and
enhance inventory efficiency. Focusing on a two-warehouse approach to optimize inventory
levels, Yadav, Yadav, and Bansal [83] present a model that addresses the deterioration of goods
during storage, emphasizing the importance of managing degradation costs to improve overall
inventory performance. In order to maximize inventory levels while lowering expenses related
to degradation and backlog, Negi and Singh [86] investigate an inventory system that controls
uncertainty, takes into account time-varying demand patterns, and assesses inventory control
tactics in the event of stockouts.

2. NOTATIONS AND ASSUMPTIONS

2.1. Assumptions

In developing the mathematical model of the Dairy industry inventory system the following
assumptions are being made:

1. A single item is considered over a prescribed period T units of time.

2. The Dairy industry demand rate D(t) at time t is deterministic and taken as a ramp type
function of time i.e. D(t) = (Bg + p)e Pli= = UpHtr)H—ts+E)]. g 5 0 By > 0, By > 0.
Where H(t — tg + tr) is the Heaviside’s function defined as

0, t— tﬁ +tp <0,

H(t_tﬁHp):{l, t—tg+tr >0

3. The replenishment rate is infinite and lead-time is zero.

4. When the demand for goods is more than the supply. Shortages will occur. Customers
encountering shortages will either wait for the vender to reorder (backlogging cost involved)
or go to other vendors (lost sales cost involved). In this model shortages are allowed and the
backlogging rate is e~#3!, when Dairy industry inventory is in shortage. The backlogging
parameter B3 is a positive constant.

5. The variable rate of deterioration in both Dairy industry warehouse is taken as B1(t) = B1t.
Where 0 < B; << 1 and only applied to on hand Dairy industry inventory.

6. No replacement or repair of deteriorated items is made during a given cycle.

7. The Dairy industry owned warehouse (OW) has a fixed capacity of W units; the Dairy
industry rented warehouse (RW) has unlimited capacity.

8. The goods of Dairy industry OW are consumed only after consuming the goods kept in
Dairy industry RW.
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2.2. Notations

In addition, the following notations are used throughout this paper:

Parameters Descriptions

7[{,(;4{ ° The Dairy industry inventory level in OW at any time t.
nleuf ° The Dairy industry inventory level in RW at any time t.

Buw The capacity of the Dairy industry own warehouse.

Q The Dairy industry ordering quantity per cycle.

T Planning horizon.

B4 Inflation rate.
Brcow The holding cost per unit per unit time in Dairy industry OW.
Bherw The holding cost per unit per unit time in Dairy industry RW, where C; < C;.
Bac The deterioration cost per unit.

Bsc The shortage cost per unit per unit time.

Bopc The opportunity cost due to lost sales.

Boc The replenishment cost per order.

TC The total average cost.

3. FORMULATION AND SOLUTION OF THE MODEL

The Dairy industry inventory levels at OW are governed by the following differential equations:

AT (¢ :
et U _ [y om),  0<e<(tpttr) <1>
drtifo ¢ :
Mot 1) 4 g5 = ~(Bo+ e P, (g4t St<(4tr) @
And fif
{W] = [— (Bo+ B)e PUstirlepat], (1 +tp) <t <(T+tp) ®)
with the boundary conditions,
[154°(0) = Boo and TE" (11 + tp) = 0 )

The solutions of equations (1), (2) and (3) are given by
TS (8) = Bue P, 0<t< (tg+1r) 5)

Tl (1) = [(ﬁo +B)e P (b 4 1) — ¢

LAl P g

A } (tg+tp) <t <(ti+tp) (6)

and

T (p) = [(ﬁog B) ~paltsin) +e_ﬁ3t—eﬁ3(f1+f}r)}, (st <t<(Titt) ()

The Dairy industry inventory level at RW is governed by the following differential equations:

e (1)

T A BTV = —(Bo+ ple P, 0t < (tg+tp) (8)
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With the boundary condition Hfé,f ?(0) = 0 the solution of the equation (8) is
fi 0 = B+ ] s+ 10) 1= B (15 4 102 - 2)
+ % ((t1 +tp)® — t3) }e—ﬁlﬂ, (tg+tp) <t < (t1+tr) (9)

Due to continuity of Hf fo (t) at point = (tg + tr) it follows from equations (5) and (6), one has

Bi(ty+t5)? — (tg +tp)?
]

Buw = {(ﬁo + B)e P2 tﬁ+tp){(t1 +tr) — (tg+tr) + (10)

The total average cost consists of following elements:
(i) Ordering cost (OC) per cycle
OC = Poc

(ii) Holding cost (Cyp) per cycle in Dairy industry

(tﬁ-'rtli) ifo t+tf) ifo /54{(tﬂ+tp)+t}
Cho = {ﬁhcow{/o {)[u{ 4tdt+/ ff dt}] (11)

t'B+t1:

(iii) Holding cost per cycle (Cygr) in RW

(tp+tr) _
CHR = |:,thrw{/0 {zltfo( ) ﬁ4tdt}:|

= [Burntpo+ p { GRS BB By (B

'32‘34)(tﬁ+t ) (%glJr'B;gl)(tﬁthp)SH (12)

(iv) Cost of deteriorated units per cycle (CD)

(tg+tr) o (h+tE)  fifo ﬁ4{(tﬁ+tp)+f}
Cp = [ﬁdc{/oﬁ 2t (1) /34tdt+/l Tl dtH (13)

tﬁ+tp

(v) Shortage cost per cycle

(T+t ) : —Pa (f1+fP)+f
CS = [,Bsc{/ ' {a{o(t)e dt}]

ti+tp
[(ﬁo + 5)5'853&1(ﬁ;::;;ﬁz“ﬁm) {,338 Ba+Ba)(t1+tr)

+ o Pa(T+tF) (re B3(THE) _ (B + By)e P t1+tp)>H (14)

(vi) Opportunity cost due to lost sales per cycle

(T+tg)
Co= B [, ~(Bo-+ 1 —e Py Pt putsin |

1+HtF
(Bo + 5)ﬁopce—(ﬁ4(t1+fp)+ﬁz(f5+fp))
; { Ba(B3 + Pa)

— Bye Paltitte)y _ o= Ba(THE) (B 4 By) — /346!33(t1+tp))H (15)

{ “PB ) (B + Bay)
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Therefore, the total average cost per unit time of our model is obtained as follows

R(t1, T
OC+Chyo+Cur+Cp+Cs+Co| = (;, ) (16)

4. OPTIMIZATION METHODOLOGY

To minimize the total cost per unit time, the optimal values of t1 and T can be obtained by solving
the following equations simultaneously

oTC
9t 17
1 +17) o
and STC
=0 18
o(T + tr) (18)
provided, they satisfy the following conditions
?’TC ?’TC
5 > U, 5 > 0
d(t +tr) (T + tr)
and 5
9°T o°T ?*T
(@) (areee) - (o) >0 0
d(ty + tr) o(T +tr) (T +tp)o(t1 + tp)
The equation is equivalent to the following equation
oTC
=... 20
01 +17) .
Also equation is equivalent to
_9orc _ . (21)
(T +tp)

Equations and are highly nonlinear equations. Therefore, numerical solution of these
equations can be obtained by using the software MATLAB 7.0.1.

5. NUMERICAL ILLUSTRATION
To illustrate the model numerically the following parameter values are considered.
B1 = 0.0022 units, B =702 units, Bog = 502 units, Bp = 0.22 units, B3 = 0.12 units,

B4 = 0.052 units, tg =0.12 year, Boc = RS1002 per order, Ppcowy = RS 4.02 per unit per year,
Bherw = RS20.0 per unit, Bsc = RS22.0 per unit per year,
Bopc = RS 42.0 per unit per year, T =12 year

Then for the minimization of total average cost and with help of software. the optimal policy can
be obtained such as: t; = 0.399224 year, S = 28.597235 units and TC = RS.658.115354 per year.
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6. GRAPHICAL REPRESENTATION

This section presents a series of graphical analyses to examine how key variables influence the
total inventory cost in the proposed two-warehouse inventory model for the dairy industry. The
figures provide insights into the system™s behavior under the effects of deterioration, shortages,
inflation, and cycle duration. Figure 1 illustrates the variation in total inventory cost with respect
to the decision variables t; and T. The surface plot helps identify the optimal region where the
cost is minimized, supporting the selection of suitable cycle and shortage periods. The graph
highlights the cost sensitivity to these parameters and reinforces the need for careful timing in
inventory replenishment. Figure 2 demonstrates how the inflation rate affects the total cost. As
inflation increases, a clear upward trend in total inventory cost is observed. This behavior reflects
the economic reality that rising inflation inflates holding, ordering, and deterioration costs, thus
influencing strategic decision-making in procurement and inventory planning. Figure 3 displays
the relationship between the total cost and the cycle length T, considering different values of f;.
It shows that for each fixed t;, there exists an optimal T that minimizes the total cost. Figure 4
explores the effect of cycle length on cost minimization in the two-warehouse structure. Table 1
presents the optimal solutions for various parameter combinations in the dairy industry inventory
model, highlighting how changes in deterioration, inflation, and shortage rates affect the total
inventory cost and ordering strategy.

Table 1: Optimal Solution of Dairy Industry Inventory system

B1 B2 B3 Ba tg T TCcvm TC S AO

11 103 030 130 1.00 049 3841.30 111145 511145 1081.45
12 1.03 040 140 085 0.39 3851.30 131145 531145 1211.45
13 104 045 150 0.75 034 3811.30 141145 541145 131145
14 105 050 330 015 033 3871.30 171145 571145 1511.45
15 1.05 055 339 055 0.39 388130 181145 581145 1611.45
16 101 010 335 045 037 389130 191145 591145 1811.45
17 101 015 335 040 0.34 399130 301145 601145 6111.45
18 1.07 070 340 035 031 399330 311145 611145 6711.45
19 107 075 431 030 0.19 399530 311145 631145 6811.45
20 138 0.80 450 030 0.11 3997.30 331145 631145 6911.45

500

600 400

Taotal Inventory Cost

t [non-stockouttime)  © T T (cycle time)

Figure 1: Total inventory cost vs. t1 and T
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Figure 2: Variation between total cost and inflation rate.
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Figure 4: Cost Minimization vs. Cycle Length for Two-Warehouse.
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7. CONCLUSION

In summary, the dairy industry’s two-warehouse inventory model for shortage and inflation
spoiled items under the FIFO shipping policy provides a comprehensive framework for optimizing
inventory management in the dairy industry. dairy industry. By incorporating theories of
inventory management, spoilage, shortages and inflation, the model enables dairy companies to
make informed decisions regarding inventory replenishment, shipping and cost optimization.
The model recognizes the perishability of dairy products and takes into account their rate of
decomposition to minimize spoilage losses. It also addresses potential shortages and aims to
balance stock levels with customer demand to avoid stock-outs and lost sales. Additionally, the
model includes the FIFO shipping policy, which ensures that products with a shorter remaining
shelf life are shipped first to reduce the risk of product wastage.

The model also helps companies adapt to changing economic conditions and make profitable
inventory decisions by considering inflation and its impact on various cost elements. By opti-
mizing inventory levels, order quantities, and shipping policies, the model aims to minimize
overall inventory costs while maintaining product quality and customer satisfaction. The Dual
Warehouse Inventory Model for the Dairy Industry provides dairy companies with a valuable tool
to improve their inventory management practices, increase operational efficiency and improve
profitability. Through the use of mathematical techniques and optimization algorithms, the model
supports data-driven decision making and allows companies to better control their inventory
systems.

Overall, the model contributes to the advancement of inventory management in the dairy
industry, providing a theoretical basis and practical guidance for effective inventory control,
mitigating losses and meeting the demand of customers in a dynamic and competitive business
environment.

REFERENCES

[1] Yadav, A.S., Bansal, K.K., Shivani, Agarwal, S. And Vanaja, R. (2020) FIFO in Green Supply
Chain Inventory Model of Electrical Components Industry With Distribution Centres Using
Particle Swarm Optimization. Advances in Mathematics: Scientific Journal. 9 (7), 5115”512 0.

[2] Yadav, A.S., Kumar, A., Agarwal, P., Kumar, T. And Vanaja, R. (2020) LIFO in Green Supply
Chain Inventory Model of Auto-Components Industry with Warehouses Using Differential
Evolution. Advances in Mathematics: Scientific Journal, 9 no.7, 5121“5126.

[3] Yadav, A.S., Abid, M., Bansal, S., Tyagi, S.L. And Kumar, T. (2020) FIFO LIFO in Green
Supply Chain Inventory Model of Hazardous Substance Components Industry with Storage
Using Simulated Annealing. Advances in Mathematics: Scientific Journal, 9 no.7, 5127“5132.

[4] Yadav, A.S., Tandon, A. and Selva, N.S. (2020) National Blood Bank Centre Supply Chain
Management For Blockchain Application Using Genetic Algorithm. International Journal of
Advanced Science and Technology Vol. 29, No. 8s, 1318-1324.

[5] Yadav, A.S., Selva, N.S. and Tandon, A. (2020) Medicine Manufacturing Industries supply
chain management for Blockchain application using artificial neural networks, International
Journal of Advanced Science and Technology Vol. 29, No. 8s, 1294-1301.

[6] Yadav, A.S., Ahlawat, N., Agarwal, S., Pandey, T. and Swami, A. (2020) Red Wine Industry of
Supply Chain Management for Distribution Center Using Neural Networks, Test Engraining
& Management, Volume 83 Issue: March “ April, 11215 “ 11222.

[7] Yadav, A.S., Pandey, T., Ahlawat, N., Agarwal, S. and Swami, A. (2020) Rose Wine industry
of Supply Chain Management for Storage using Genetic Algorithm. Test Engraining &
Management, Volume 83 Issue: March “ April, 11223 “ 11230.

[8] Yadav, A.S., Ahlawat, N., Sharma, N., Swami, A. And Navyata (2020) Healthcare Systems
of Inventory Control For Blood Bank Storage With Reliability Applications Using Genetic
Algorithm. Advances in Mathematics: Scientific Journal 9 no.7, 5133”5142.

928



A.S. Yadav, S. Viswanathan, N. Ahlawat, B. Viswanathan, A. Swami RT&A, No 3 (86)
RELIABILITY-BASED OPTIMIZATION OF TWO-WAREHOUSE - - - Volume 20, September 2025

[9] Yadav, A.S., Dubey, R., Pandey, G., Ahlawat, N. and Swami, A. (2020) Distillery Industry
Inventory Control for Storage with Wastewater Treatment Logistics Using Particle Swarm
Optimization Test Engraining & Management Volume 83 Issue: May “ June, 15362-15370.

[10] Yadav, A.S., Ahlawat, N., Dubey, R., Pandey, G. and Swami, A. (2020) Pulp and paper
industry inventory control for Storage with wastewater treatment and Inorganic composition
using genetic algorithm (ELD Problem). Test Engraining & Management, Volume 83 Issue:
May “ June, 15508-15517.

[11] Yadav, A.S., Pandey, G., Ahlawat, N., Dubey, R. and Swami, A. (2020) Wine Industry
Inventory Control for Storage with Wastewater Treatment and Pollution Load Using Ant
Colony Optimization Algorithm, Test Engraining & Management, Volume 83 Issue: May “
June, 15528-15535.

[12] Yadav, A.S., Navyata, Sharma, N., Ahlawat, N. and Swami, A. (2020) Reliability Consideration
costing method for LIFO Inventory model with chemical industry warehouse. International
Journal of Advanced Trends in Computer Science and Engineering, Volume 9 No 1, 403-408.

[13] Yadav, A.S., Bansal, K.K., Kumar, J. and Kumar, S. (2019) Supply Chain Inventory Model For
Deteriorating Item With Warehouse & Distribution Centres Under Inflation. International
Journal of Engineering and Advanced Technology, Volume-8, Issue-2S2, 7-13.

[14] Yadav, A.S., Kumar, J., Malik, M. and Pandey, T. (2019) Supply Chain of Chemical In-
dustry For Warehouse With Distribution Centres Using Artificial Bee Colony Algorithm.
International Journal of Engineering and Advanced Technology, Volume-8, Issue-252, 14-19.

[15] Yadav, A.S., Navyata, Ahlawat, N. and Pandey, T. (2019) Soft computing techniques based
Hazardous Substance Storage Inventory Model for decaying Items and Inflation using
Genetic Algorithm. International Journal of Advance Research and Innovative Ideas in
Education, Volume 5 Issue 9, 1102-1112.

[16] Yadav, A.S., Navyata, Ahlawat, N. and Pandey, T. (2019) Hazardous Substance Storage
Inventory Model for decaying Items using Differential Evolution. International Journal of
Advance Research and Innovative Ideas in Education, Volume 5 Issue 9, 1113-1122.

[17] Yadav, A.S., Navyata, Ahlawat, N. and Pandey, T. (2019) Probabilistic inventory model
based Hazardous Substance Storage for decaying Items and Inflation using Particle Swarm
Optimization. International Journal of Advance Research and Innovative Ideas in Education,
Volume 5 Issue 9, 1123-1133.

[18] Yadav, A.S., Navyata, Ahlawat, N. and Pandey, T. (2019) Reliability Consideration based Haz-
ardous Substance Storage Inventory Model for decaying Items using Simulated Annealing.
International Journal of Advance Research and Innovative Ideas in Education, Volume 5
Issue 9, 1134-1143.

[19] Yadav, A.S., Swami, A. and Kher, G. (2019) Blood bank supply chain inventory model for
blood collection sites and hospital using genetic algorithm. Selforganizology, Volume 6
No.(3-4), 13-23.

[20] Yadav, A.S., Swami, A. and Ahlawat, N. (2018) A Green supply chain management of Auto
industry for inventory model with distribution centers using Particle Swarm Optimization.
Selforganizology, Volume 5 No. (3-4)

[21] Yadav, A.S., Ahlawat, N., and Sharma, S. (2018) Hybrid Techniques of Genetic Algorithm for
inventory of Auto industry model for deteriorating items with two warehouses. International
Journal of Trend in Scientific Research and Development, Volume 2 Issue 5, 58-65.

[22] Yadav, A.S., Swami, A. and Gupta, C.B. (2018) A Supply Chain Management of Pharmaceuti-
cal For Deteriorating Items Using Genetic Algorithm. International Journal for Science and
Advance Research In Technology, Volume 4 Issue 4, 2147-2153.

[23] Yadav, A.S., Maheshwari, P., Swami, A., and Pandey, G. (2018) A supply chain manage-
ment of chemical industry for deteriorating items with warehouse using genetic algorithm.
Selforganizology, Volume 5 No.1-2, 41-51.

[24] Yadav, A.S., Garg, A., Gupta, K. and Swami, A. (2017) Multi-objective Genetic algorithm
optimization in Inventory model for deteriorating items with shortages using Supply Chain
management. IPAS] International journal of computer science, Volume 5, Issue 6, 15-35.

929



A.S. Yadav, S. Viswanathan, N. Ahlawat, B. Viswanathan, A. Swami RT&A, No 3 (86)
RELIABILITY-BASED OPTIMIZATION OF TWO-WAREHOUSE - - - Volume 20, September 2025

[25] Yadav, A.S., Garg, A., Swami, A. and Kher, G. (2017) A Supply Chain management in
Inventory Optimization for deteriorating items with Genetic algorithm. International Journal
of Emerging Trends & Technology in Computer Science, Volume 6, Issue 3, 335-352.

[26] Yadav, A.S., Maheshwari, P., Garg, A., Swami, A. and Kher, G. (2017) Modeling & Analysis
of Supply Chain management in Inventory Optimization for deteriorating items with Ge-
netic algorithm and Particle Swarm optimization. International Journal of Application or
Innovation in Engineering & Management, Volume 6, Issue 6, 86-107.

[27] Yadav, A.S., Garg, A., Gupta, K. and Swami, A. (2017) Multi-objective Particle Swarm
optimization and Genetic algorithm in Inventory model for deteriorating items with shortages
using Supply Chain management. International Journal of Application or Innovation in
Engineering & Management, Volume 6, Issue 6, 130-144.

[28] Yadav, A.S., Swami, A. and Kher, G. (2017) Multi-Objective Genetic Algorithm Involving
Green Supply Chain Management International Journal for Science and Advance Research
In Technology, Volume 3 Issue 9, 132-138.

[29] Yadav, A.S., Swami, A., Kher, G. (2017) Multi-Objective Particle Swarm Optimization Al-
gorithm Involving Green Supply Chain Inventory Management. International Journal for
Science and Advance Research In Technology, Volume 3 Issue, 240-246.

[30] Yadav, A.S., Swami, A. and Pandey, G. (2017) Green Supply Chain Management for Ware-
house with Particle Swarm Optimization Algorithm. International Journal for Science and
Advance Research in Technology, Volume 3 Issue 10, 769-775.

[31] Yadav, A.S., Swami, A., Kher, G. and Garg, A. (2017) Analysis of seven stages supply chain
management in electronic component inventory optimization for warehouse with economic
load dispatch using genetic algorithm. Selforganizology, 4 No.2, 18-29.

[32] Yadav, A.S., Maheshwari, P., Swami, A. and Garg, A. (2017) Analysis of Six Stages Supply
Chain management in Inventory Optimization for warehouse with Artificial bee colony
algorithm using Genetic Algorithm. Selforganizology, Volume 4 No.3, 41-51.

[33] Yadav, A.S., Swami, A., Gupta, C.B. and Garg, A. (2017) Analysis of Electronic component
inventory Optimization in Six Stages Supply Chain management for warehouse with ABC
using genetic algorithm and PSO. Selforganizology, Volume 4 No.4, 52-64.

[34] Yadav, A.S., Maheshwari, P. and Swami, A. (2016) Analysis of Genetic Algorithm and Particle
Swarm Optimization for warehouse with Supply Chain management in Inventory control.
International Journal of Computer Applications, Volume 145 “No.5, 10-17.

[35] Yadav, A.S., Swami, A. and Kumar, S. (2018) Inventory of Electronic components model for
deteriorating items with warehousing using Genetic Algorithm. International Journal of
Pure and Applied Mathematics, Volume 119 No. 16, 169-177.

[36] Yadav, A.S., Johri, M., Singh, J. and Uppal, S. (2018) Analysis of Green Supply Chain In-
ventory Management for Warehouse With Environmental Collaboration and Sustainability
Performance Using Genetic Algorithm. International Journal of Pure and Applied Mathe-
matics, Volume 118 No. 20, 155-161.

[37] Yadav, A.S., Ahlawat, N., Swami, A. and Kher, G. (2019) Auto Industry inventory model for
deteriorating items with two warehouse and Transportation Cost using Simulated Annealing
Algorithms. International Journal of Advance Research and Innovative Ideas in Education,
Volume 5,Issue 1, 24-33.

[38] Yadav, A.S., Ahlawat, N., Swami, A. and Kher, G. (2019) A Particle Swarm Optimization
based a two-storage model for deteriorating items with Transportation Cost and Advertising
Cost: The Auto Industry. International Journal of Advance Research and Innovative Ideas in
Education, Volume 5, Issue 1, 34-44.

[39] Yadav, A.S., Ahlawat, N., and Sharma, S. (2018) A Particle Swarm Optimization for inventory
of Auto industry model for two warehouses with deteriorating items. International Journal
of Trend in Scientific Research and Development, Volume 2 Issue 5, 66-74.

[40] Yadav, A.S., Swami, A. and Kher, G. (2018) Particle Swarm optimization of inventory model
with two-warehouses. Asian Journal of Mathematics and Computer Research, Volume 23
No.1, 17-26.

930



A.S. Yadav, S. Viswanathan, N. Ahlawat, B. Viswanathan, A. Swami RT&A, No 3 (86)
RELIABILITY-BASED OPTIMIZATION OF TWO-WAREHOUSE - - - Volume 20, September 2025

[41] Yadav, A.S., Maheshwari, P.,, Swami, A. and Kher, G. (2017) Soft Computing Optimization of
Two Warehouse Inventory Model With Genetic Algorithm. Asian Journal of Mathematics
and Computer Research, Volume 19 No.4, 214-223.

[42] Yadav, A.S., Swami, A., Kumar, S. and Singh, R.K. (2016) Two-Warehouse Inventory Model
for Deteriorating Items with Variable Holding Cost, Time-Dependent Demand and Shortages.
IOSR Journal of Mathematics, Volume 12, Issue 2 Ver. 1V, 47-53.

[43] Yadav, A.S., Sharam, S. and Swami, A. (2016) Two Warehouse Inventory Model with Ramp
Type Demand and Partial Backordering for Weibull Distribution Deterioration. International
Journal of Computer Applications, Volume 140 -No.4, 15-25.

[44] Yadav, A.S., Swami, A. and Singh, R.K. (2016) A two-storage model for deteriorating items
with holding cost under inflation and Genetic Algorithms. International Journal of Advanced
Engineering, Management and Science, Volume -2, Issue-4, 251-258.

[45] Yadav, A.S., Swami, A., Kher, G. and Kumar, S. (2017) Supply Chain Inventory Model for Two
Warehouses with Soft Computing Optimization. International Journal of Applied Business
and Economic Research, Volume 15 No 4, 41-55.

[46] Yadav, A.S., Rajesh Mishra, Kumar, S. and Yadav, S. (2016) Multi Objective Optimization for
Electronic Component Inventory Model & Deteriorating Items with Two-warehouse using
Genetic Algorithm. International Journal of Control Theory and applications, Volume 9 No.2,
881-892.

[47] Yadav, A.S., Gupta, K., Garg, A. and Swami, A. (2015) A Soft computing Optimization based
Two Ware-House Inventory Model for Deteriorating Items with shortages using Genetic
Algorithm. International Journal of Computer Applications, Volume 126 - No.13, 7-16.

[48] Yadav, A.S., Gupta, K., Garg, A. and Swami, A. (2015) A Two Warehouse Inventory Model
for Deteriorating Items with Shortages under Genetic Algorithm and PSO. International
Journal of Emerging Trends & Technology in Computer Science, Volume 4, Issue 5(2), 40-48.

[49] Yadav, A.S. Swami, A., and Kumar, S. (2018) A supply chain Inventory Model for decaying
Items with Two Ware-House and Partial ordering under Inflation. International Journal of
Pure and Applied Mathematics, Volume 120 No 6, 3053-3088.

[50] Yadav, A.S. Swami, A. and Kumar, S. (2018) An Inventory Model for Deteriorating Items
with Two warehouses and variable holding Cost. International Journal of Pure and Applied
Mathematics, Volume 120 No 6, 3069-3086.

[51] Yadav, A.S., Taygi, B., Sharma, S. and Swami, A. (2017) Effect of inflation on a two-warehouse
inventory model for deteriorating items with time varying demand and shortages. Interna-
tional Journal Procurement Management, Volume 10, No. 6, 761-775.

[52] Yadav, A.S., R. P. Mahapatra, Sharma, S. and Swami, A. (2017) An Inflationary Inventory
Model for Deteriorating items under Two Storage Systems. International Journal of Economic
Research, Volume 14 No.9, 29-40.

[53] Yadav, A.S., Sharma, S. and Swami, A. (2017) A Fuzzy Based Two-Warehouse Inventory
Model For Non instantaneous Deteriorating Items With Conditionally Permissible Delay
In Payment. International Journal of Control Theory And Applications, Volume 10 No.11,
107-123.

[54] Yadav, A.S. and Swami, A. (2018) Integrated Supply Chain Model for Deteriorating Items
With Linear Stock Dependent Demand Under Imprecise And Inflationary Environment.
International Journal Procurement Management, Volume 11 No 6, 684-704.

[55] Yadav, A.S. and Swami, A. (2018) A partial backlogging production-inventory lot-size model
with time-varying holding cost and weibull deterioration. International Journal Procurement
Management, Volume 11, No. 5, 639-649.

[56] Yadav, A.S. and Swami, A. (2013) A Partial Backlogging Two-Warehouse Inventory Models
For Decaying Items With Inflation. International Organization of Scientific Research Journal
of Mathematics, Issue 6, 69-78.

[57] Yadav, A.S. and Swami, A. (2019) An inventory model for non-instantaneous deteriorating
items with variable holding cost under two-storage. International Journal Procurement
Management, Volume 12 No 6, 690-710.

931



A.S. Yadav, S. Viswanathan, N. Ahlawat, B. Viswanathan, A. Swami RT&A, No 3 (86)
RELIABILITY-BASED OPTIMIZATION OF TWO-WAREHOUSE - - - Volume 20, September 2025

[58] Yadav, A.S. and Swami, A. (2019) A Volume Flexible Two-Warehouse Model with Fluctuating
Demand and Holding Cost under Inflation. International Journal Procurement Management,
Volume 12 No 4, 441-456.

[59] Yadav, A.S. and Swami, A. (2014) Two-Warehouse Inventory Model for Deteriorating Items
with Ramp-Type Demand Rate and Inflation. American Journal of Mathematics and Sciences
Volume 3 No-1, 137-144.

[60] Yadav, A.S. and Swami, A. (2013) Effect of Permissible Delay on Two-Warehouse Inventory
Model for Deteriorating items with Shortages. International Journal of Application or
Innovation in Engineering & Management, Volume 2, Issue 3, 65-71.

[61] Yadav, A.S. and Swami, A. (2013) A Two-Warehouse Inventory Model for Decaying Items
with Exponential Demand and Variable Holding Cost. International of Inventive Engineering
and Sciences, Volume-1, Issue-5, 18-22.

[62] Yadav, A.S. and Kumar, S. (2017) Electronic Components Supply Chain Management for
Warehouse with Environmental Collaboration & Neural Networks. International Journal of
Pure and Applied Mathematics, Volume 117 No. 17, 169-177.

[63] Yadav, A.S. (2017) Analysis of Seven Stages Supply Chain Management in Electronic Compo-
nent Inventory Optimization for Warehouse with Economic Load Dispatch Using GA and
PSO. Asian Journal Of Mathematics And Computer Research, volume 16 No.4, 208-219.

[64] Yadav, A.S. (2017) Analysis Of Supply Chain Management In Inventory Optimization For
Warehouse With Logistics Using Genetic Algorithm International Journal of Control Theory
And Applications, Volume 10 No.10, 1-12 .

[65] Yadav, A.S. (2017) Modeling and Analysis of Supply Chain Inventory Model with two-
warehouses and Economic Load Dispatch Problem Using Genetic Algorithm. International
Journal of Engineering and Technology, Volume 9 No 1, 33-44.

[66] Swami, A., Singh, S.R., Pareek, S. and Yadav, A.S. (2015) Inventory policies for deteriorating
item with stock dependent demand and variable holding costs under permissible delay in
payment. International Journal of Application or Innovation in Engineering & Management,
Volume 4, Issue 2, 89-99.

[67] Swami, A., Pareek, S., Singh S.R. and Yadav, A.S. (2015) Inventory Model for Decaying Items
with Multivariate Demand and Variable Holding cost under the facility of Trade-Credit.
International Journal of Computer Application, 18-28.

[68] Swami, A., Pareek, S., Singh, S.R. and Yadav, A.S. (2015) An Inventory Model With Price
Sensitive Demand, Variable Holding Cost And Trade-Credit Under Inflation. International
Journal of Current Research, Volume 7, Issue, 06, 17312-17321.

[69] Gupta, K., Yadav, A.S., Garg, A. and Swami, A. (2015) A Binary Multi-Objective Genetic
Algorithm & PSO involving Supply Chain Inventory Optimization with Shortages, inflation.
International Journal of Application or Innovation in Engineering & Management, Volume 4,
Issue 8, 37-44.

[70] Gupta, K., Yadav, A.S., Garg, A., (2015) Fuzzy-Genetic Algorithm based inventory model
for shortages and inflation under hybrid & PSO. IOSR Journal of Computer Engineering,
Volume 17, Issue 5, Ver. I, 61-67.

[71] Singh, R.K., Yadav, A.S. and Swami, A. (2016) A Two-Warehouse Model for Deteriorating
Items with Holding Cost under Particle Swarm Optimization. International Journal of
Advanced Engineering, Management and Science, Volume -2, Issue-6, 858-864.

[72] Singh, R.K., Yadav, A.S. and Swami, A. (2016) A Two-Warehouse Model for Deteriorating
Items with Holding Cost under Inflation and Soft Computing Techniques. International
Journal of Advanced Engineering, Management and Science, Volume -2, Issue-6, 869-876.

[73] Kumar, S., Yadav, A.S., Ahlawat, N. and Swami, A. (2019) Supply Chain Management of
Alcoholic Beverage Industry Warehouse with Permissible Delay in Payments using Particle
Swarm Optimization. International Journal for Research in Applied Science and Engineering
Technology, Volume 7 Issue VIII, 504-509.

[74] Kumar, S., Yadav, A.S., Ahlawat, N. and Swami, A. (2019) Green Supply Chain Inventory
System of Cement Industry for Warehouse with Inflation using Particle Swarm Optimization.

932



A.S. Yadav, S. Viswanathan, N. Ahlawat, B. Viswanathan, A. Swami RT&A, No 3 (86)
RELIABILITY-BASED OPTIMIZATION OF TWO-WAREHOUSE - - - Volume 20, September 2025

International Journal for Research in Applied Science and Engineering Technology, Volume
7 Issue VIII, 498-503.

[75] Kumar, S., Yadav, A.S., Ahlawat, N. and Swami, A. (2019) Electronic Components Inventory
Model for Deterioration Items with Distribution Centre using Genetic Algorithm. Interna-
tional Journal for Research in Applied Science and Engineering Technology, Volume 7 Issue
VIII, 433-443.

[76] Chauhan, N. and Yadav, A.S. (2020) An Inventory Model for Deteriorating Items with Two-
Warehouse & Stock Dependent Demand using Genetic algorithm. International Journal of
Advanced Science and Technology, Vol. 29, No. 5s, 1152-1162.

[77] Chauhan, N. and Yadav, A.S. (2020) Inventory System of Automobile for Stock Dependent
Demand & Inflation with Two-Distribution Center Using Genetic Algorithm. Test Engraining
& Management, Volume 83, Issue: March - April, 6583 - 6591.

[78] Pandey, T., Yadav, A.S. and Medhavi Malik (2019) An Analysis Marble Industry Inventory
Optimization Based on Genetic Algorithms and Particle swarm optimization. International
Journal of Recent Technology and Engineering Volume-7, Issue-654, 369-373.

[79] Ahlawat, N., Agarwal, S., Pandey, T., Yadav, A.S., Swami, A. (2020) White Wine Industry
of Supply Chain Management for Warehouse using Neural Networks Test Engraining &
Management, Volume 83, Issue: March - April, 11259 - 11266.

[80] Singh, S. Yadav, A.S. and Swami, A. (2016) An Optimal Ordering Policy For Non-
Instantaneous Deteriorating Items With Conditionally Permissible Delay In Payment Under
Two Storage Management International Journal of Computer Applications, Volume 147
-No.1, 16-25.

[81] Yadav, A.S., Kumar, A., Yadav, K.K. et al. Optimization of an inventory model for deteriorat-
ing items with both selling price and time-sensitive demand and carbon emission under green
technology investment. Int | Interact Des Manuf (2023). https:/ /doi.org/10.1007 /s12008-023-
01689-8

[82] Yadav, KK, Yadav, A.S. & Bansal, S. Interval number approach for two-warehouse inventory
management of deteriorating items with preservation technology investment using analytical
optimization methods. Int ] Interact Des Manuf (2024). https://doi.org/10.1007 /s12008-023-
01672-3

[83] Krishan Kumar Yadav , Ajay Singh Yadav, and Shikha Bansal. "Optimization of an in-
ventory model for deteriorating items assuming deterioration during carrying with two-
warehouse facility” Reliability: Theory & Applications, vol. 19, no. 3 (79), 2024, pp. 442-459.
doi:10.24412 /1932-2321-2024-379-442-459

[84] Sinha, Amit Kumar, and Ankush Anand. "Optimizing supply chain network for perishable
products using improved bacteria foraging algorithm." Applied Soft Computing 86 (2020):
105921.

[85] Hezer, Seda, and Yakup Kara. "Solving vehicle routing problem with simultaneous delivery
and pick-up using an algorithm based on bacterial foraging optimization." (2013).

[86] Negi, Ashish, and Ompal Singh. "An inventory system with time-dependent linear demand
for deteriorating items under uncertainty with a completely backlogged." Advances in
Mathematical and Computational Sciences: Proceedings of The ICRTMPCS International
Conference 2023. Walter de Gruyter GmbH & Co KG, 2024.

933





