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Abstract

In this study, a two-warehouse inventory model for the red wine industry is presented, focusing on
items that deteriorate. The model takes into account the effects of inflation and operates on the
LIFO (Last In, First Out) distribution policy. The goal is to minimize the total inventory cost,
including the cost of maintaining inventory and the cost of purchasing new inventory. The model
assumes a constant and known demand for red wine over time, with no permitted shortages. The
stock system consists of warehouse A and warehouse B, with starting stocks fixed in each case.
Inventory balance equations track inventory levels at each warehouse, taking into account transfers
between warehouses and customer demand. The LIFO shipping policy is implemented to
determine the quantities transferred between warehouses. Inflation is factored into the model by
adjusting the cost of buying new inventory. This adjustment may be based on historical inflation
rates or other relevant factors. The objective function is to minimize the total inventory cost, taking
into account inventory costs and inflation-adjusted purchasing costs. The model provides a
framework for making decisions about stock levels and transfer rates between warehouses. By
optimizing these decisions, the model aims to achieve cost savings while ensuring that demand is
met without bottlenecks. The model results can serve as a guide for inventory management
strategies in the red wine industry, taking into account the specific challenges presented by the
spoiled nature of the product and the impact of inflation.

Keywords:- Inventory, owned warehouse, rented warehouse, ramp type demand, deteriorating
items, inflation, without Shortages and LIFO dispatching policy.

1. Introduction
The red wine industry faces unique inventory management challenges due to the nature of its
product, which is a spoiling item. Over time, the quality and value of red wine declines, making it
crucial for businesses to effectively manage their inventory. Additionally, inflation can have a
significant impact on the cost of purchasing new inventory, further complicating the decision-
making process. In this study, we propose a two-storage stock model specifically designed for the
red wine industry. The model takes into account the deteriorated nature of red wine and inflation
and is based on the LIFO (Last In, First Out) shipping policy. The LIFO policy assumes that
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inventory purchased last is shipped first, reflecting typical industry storage and retrieval practices.
The goal of the inventory model is to minimize the overall cost of inventory while ensuring that
customer demand is met without shortages. By optimizing inventory levels and transfer rates
between warehouses, companies can realize cost savings and avoid overstocking or understocking.
This results in improved profitability and customer satisfaction. To capture the effects of spoilage,
the model tracks inventory levels in warehouse A and warehouse B over time. The equilibrium
equations take into account customer demand, transfers between warehouses and initial inventory
levels. The model dynamically adjusts stock levels based on these factors, while taking into
account deterioration in the condition of red wine. Inflation is another critical factor considered in
the model. The cost of purchasing new inventory is adjusted for the impact of inflation. This
adjustment can be based on historical inflation rates or other relevant factors to ensure that the
model provides a realistic representation of industry cost dynamics. Overall, the proposed
inventory model provides a comprehensive framework for decision making in the red wine
industry. By addressing the unique challenges of item spoilage, inflation, and LIFO shipping
policy, businesses can optimize their inventory management strategies and increase their
competitive advantage. The following sections of this study detail the details of the model, its
formulation, and the potential benefits it offers to the red wine industry.

2. Assumptions and Notations:
In developing the mathematical model of the Red wine industry inventory system the following
assumptions are being made:

1. A single item is considered over a prescribed
period T units of time.
3. The demand rate D(t) at time t is deterministic and taken as a ramp type function of time

ie. D)=ae ” {tf{tf(t"HL)}H[FO“HL)]}, a,>0,a,>0, where H[t—(ta +t, )] is the
0, 1<(ty+11)
Lt>(t, +tr)

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

5. 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

Heaviside’s function defined as H|t—(t, +17)|=

allowed and the backlogging rate is exp(—as3t), when Red wine industry inventory is in
shortage. The backlogging parameter a3 is a positive constant.
6. The variable rate of deterioration in both warchouse is taken as ;(7) = oj¢. Where

0<a; << 1 and only applied to on hand Red wine industry inventory.

7. No replacement or repair of deteriorated items is made during a given cycle.
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8. The Red wine industry owned warehouse (OW) has a fixed capacity of W units; the Red
wine industry rented warehouse (RW) has unlimited capacity.
9. The goods of OW are consumed only after consuming the goods kept in RW.
In addition, the following notations are used throughout this paper:

H%g () The Red wine industry inventory level in OW at any time t.
H%a (1) The Red wine industry inventory level in RW at any time t.
a,, The capacity of the own warehouse.

Q The ordering quantity per cycle.

Planning horizon.

oy Inflation rate.

Apcow The holding cost per unit per unit time in Red wine industry OW.
Aoy The holding cost per unit per unit time in Red wine industry RW.
A, The deterioration cost per unit.

O, The shortage cost per unit per unit time.

Aope The opportunity cost due to lost sales.

aoc The replenishment cost per order.

3. Formulation and Solution of the Model
The Red wine industry inventory levels at OW are governed by the following differential equations
under LIFO dispatching policy:

lifo
H .
Loonl [y (1)1 (1) 0<r<(t, +1,) (1)
lifo
dIl;, (t
o Mo L)1 @) = g2t tiL), (1, +1,)<t<(t,+1,) 2)
And
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lifo
{W} ) [_aoe_@(’a L )e_ay} (q+tp)<e<(T+er) 3)

with the boundary conditions,
' (0)=a,, and 1'"° (1 +1;) =0 )
The solutions of equations (1), (2) and (3) are given by

. 2
4 (1) = a2, 0<r<(1,+1,) 5)

{(tl+tL)—t}+
al(f1+fL)3—f3) ¢
6

. 2
140 (1) =| arge™ %2 Vla 1L a2 (1, +1,)<t<(,+1,) (6)

And H%;(t):[%e—az(taﬂm{e—a3t_e—a3(t1+tL)” (n+1p)<t<(T+1p) (7)
3

respectively.

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

lifo .
AUED iy 950g« cqe, 052c(, 00 ®

With the boundary condition H%O (0) =0 the solution of the equation (8) is

{(tg +1p)—1} -

. 2
e (1) =| & %((ta+tL)2—t2)+ et/ (t,+1,)<t<(t +1,) ©)

L) 1)

Due to continuity of Hé’.{g (t) at point ¢ = (ta +1 ) it follows from equations (5) and (6), one has

{(f+1p)—(ty +1p)} +

3
2 {(tl +1p) = (tg +1z

6

2
awe—al(taH‘L) /2: aoe—az(ta+tL)

)3} ! (g +11, )2/2
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{(+ip) =t +11)f +

al{(t1+tL)3—(ta+tL)3} (10)
6

a,, = aoe—a’2 (tq+tL)

The total average cost consists of following elements:
(i) Ordering cost per cycle = . (11)

(i) Holding cost per cycle (Cho) in OW

[ (ta+tL) . i
[ mge (e *ar+
0
Cro =| Ahcow (f1+tL) |
_[ HZOU\/‘V‘O (t)e—a4{(ta+tL)+t}dt
L (to+1L) ]
_ X _
aglt, +t a\t, +t
aw{{(l‘a-ﬁL) 4(a2 L) 1(a6 L) }}4‘
(n+e)” ag(ti+tg )3
2 6
0!1(t1+lL) a0 5_
B 20 (n+1r)
(ta + L)
2(H +t; )—(t, +17))—
Cro =| Ahcow ( ( L) ((Z L))

aoe—az((fa”L )+0‘4) M(M +;L)3 —(ta +1 )3)+

ay (f +tL )2
a6 (3(f1+tL)‘2(fa+fL))+
2
a“al(;‘BHL) (5(t1+tL)3—3(ta+tL)3)+
3 12)
] t +tL (
I %(4014‘11)—3(1‘0{4-1[1)) |
(iii) Holding cost per cycle (Cur) in RW
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(ta'HL) .
CHR =\ Xperw J. H%a (t)e_a‘”dt
0
- 5 -
(ta +2tL) —(3a2;a4)(ta+tL)3+
o o 4
Crr =| Qperno (é+%)(ta+@) - ... (3.13)

0(46!1 (lzal 5
. N (Y

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

(tg+tr) .

[ oqemnle (e)e 4 ar +
0

(tg+er)

=lagd{ [ oqtTIy(r)e *4de+ (14)
0

(n+11)

[ e (e)e” ag{t+(tg+ip)}
(tq+t1)

v) Shortage cost per cycle (Cs)

(T+tL)
=y, .[ —HIOU:S (t)e_a4{(t1+tL )H}dt
(n+1r)
*[“4(% Hy ot )] (T+1) (T+,)
— _aoasce J- e—(a4+a3 )tdt _e—a3(t1 +IL) I e—a4tdt
e (n+11) (n+11)

—(az+ay, )(t+1;)

a.e +

—(ay(f+t Jron (t,+1,))
aOasc e

_ —a3(T+tp) _ 15
a,a, (as + 0!4) eia“(THL) { " (n+t )} o

(a3+a4)e sl

(vi)  Opportunity cost due to lost sales per cycle (C,)
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(T+1;)

- J. aO(l —e ™ ) eiaz(ta 1) e7a4{(f1+fz)+t}dl‘

opc

(t+1)
a a e—{az(ta+tL)+a4(t] +tL)} e*a"t(fl“l.) { (0{3 + 0(4)— a4e*ﬂ’3(f1+h)}_
— opc 0 (16)
a4(a3+a4) e*a"t(T”L){(aS+a4)_a4e*“3(T“L)}

Therefore, the total average cost per unit time of our model is obtained as follows

Hh+ty,
P 1 Ordering cost +Holding cost in OW R (Tl + ti )
TC (Tl N tL,) = + Holding cost in RW+ Deterioration cost |=——-=% (17)
L) (T+u)|+ Shortage cost + Opportunity cost (T+1)
Appendix A (18)

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

orcC
= -0 19
ot +1) 4
orC
d ——=0 20
an 8(T+ZL) ( )

provided, they satisfy the following conditions

8°TC *TC
7 >0, 7 >0
8(t1+tL) 6(T+ZL)
and 2 (21

o*rc o*rc _( *rC ] o
o+t ) \o(T+e, ) ) \0(a+1,)o(T+1)
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The equation (3.19) is equivalent to the following equation

— 2 717
(1 +fL)_—a4(t12+tL) *
3 4
a(n+tp)  agon(t+t)
—a ((ta +H )J 3 4
e T\ N (e +y)=Ben (1 1) (41 )+ +
2 2 2
ay(ty +11) +0‘4051(fa+fL) (1 +11) N
2 2
3
a1 (ta +1 )
6
2 3
(tl +IL) _a4(t1 +fL) N
2 3
4 5
a(n+ty)  asm(t+t)
8 6
t t
R [ PR R CEh
oTC | @, |%dcN® 2 ) o
o(y+t) |(T+1p) gty +1, ) a4 (ty vy ) (g +1,) ~
3 6
4
o) (ta +ZL)
8
a3 (g +2a4)e_(0‘3+20‘4)(t1+%) _
asce—aZ(ta +tL) a4ze_a4(t1 +tL)—(a4+a3 )(T+tL) i +
ar0p\ 07 + O
3 4( 3 4) (a3 vay )2 e_(a4+a3 Je1+tr )—aa(T+tp)
—20{4 (a3 + 0(4)6_2a4(t1 +tL) +
a e‘“Z(’a +tr)
opc a (a3 +2a4)e—(a3 +204 )(tl +tL) n
oy (a3 +ay) 22
—a4(T+tL) ( )
a4e—a4(t1+tL) (0{3 +0{4)€ B
PRCREN LTS |
Also equation (20) is equivalent to
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aa(T+) {_0‘4(II+ZL)

a +ay (1 +t }
e @t 1) (asc+a0pca3) =0

R_Zo

23
a3 e—(a4+a3)(T+tL) (23)

Equations (22) and (23) are highly nonlinear equations. Therefore, numerical solution of these
equations can be obtained by using the software MATLAB 7.0.1.

4. Particular Cases: Without shortages:

When a3 — o (i.e., the fraction of shortages backordered is zero), we get (7 +7; ) ~ 0. The model

reduces to the case where shortages are not allowed and hence the total average cost per unit time
in equation (18) becomes:

_ Ordering cost +Holding cost + Deterioration cost | _ R(4+11)
TC(f +1p )= (T+1,) [+ Shortage cost + Opportunity cost } B (T+11) (24)
Appendix B (25)
The necessary condition to find the optimal solution of K (t1) is
_ 5 5 -
(4+1,) ay(t+tr) ! (1+1)
17L B 3
—az((fa+fL)+0‘4) oy (fl +IL)4 2
e —4—(ta+tL)—3a1(ta+tL)(tl+tL)
2 2 2 3
: ay(ty,+17) +a4a1(ta +17) (4 +17) i (t,+17)
o1C i 2 2 6
a(tl +tL) (T+tL) (tl +ZL)2 0!4(ll+tL)3 } al(tl +tL)4 a40q(t1 +ZL)5
2 3 8 6
2 2 2 3
o aeﬂz((,aHL)m“) (to+1r)” Oty+t) (a+1) aylty+tr)
el 2 4 3
3 2 4
0!40[1(ta+fL) (tl +tL) al(ta+tL)
6 8
(26)
=0
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5. Numerical Illustration:
To illustrate the model numerically the following parameter values are considered.

o =0.0022 unit,ay = 502units,cy = 0.22unit, a3 = 0.12 unit,ay = 0.052 unit,t, =0.2 year
aoc = Rs. 1002 per order,ay,,, = Rs. 4.02 per unit per year,ay,,, = Rs. 20.0 per unit
T =12 year, 0. = Rs. 22.0 per unit per year,a,,. = Rs. 42.0 per unit

Then for the minimization of total average cost and with help of software. the optimal policy can
be obtained such as: t1=0.599224 year, S=138.597235 units and TC =Rs.758.115354 per year.

6. Conclusion

The two-warehouse inventory model for the red wine industry provides a valuable framework for
effective inventory management, taking into account item spoilage, inflation, and LIFO (Last In
First Out). By integrating these factors into the model, companies can make informed decisions
about inventory levels and transfer rates between warehouses, reducing costs and improving
customer satisfaction. Deteriorating red wine condition requires careful inventory management to
avoid overstocking and product obsolescence. The proposed model takes this into account by
dynamically adjusting stock levels based on equilibrium equations that take into account customer
demand and transfers between stocks. By optimizing these inventories, companies can minimize
storage costs and reduce spoilage losses. Inflation is another critical factor that can significantly
affect the cost of purchasing new inventory. By adjusting purchase costs in the model for inflation,
companies can make more accurate cost calculations and ensure that model results are consistent
with current economic conditions. This allows them to make cost-effective decisions while
maintaining desired service levels. The LIFO shipping policy reflects typical industry storage and
retrieval practices. By adopting this policy in the model, companies can ensure that inventory
purchased last is shipped first, which is consistent with industry practice and minimizes potential
obsolescence costs. Overall, the dual warehouse inventory model presented in this study provides
a comprehensive solution to inventory management challenges in the red wine industry. By taking
into account the unique characteristics of red wine, inflation, and LIFO shipping policies,
companies can optimize inventory levels, reduce costs, and improve overall operational efficiency.
It should be noted that the efficiency of the model can be increased by incorporating additional
factors such as batch ordering, lead times and storage capacity constraints depending on the
specific needs of the red wine industry. Additionally, future research could explore the integration
of advanced forecasting techniques and real-time data to improve the accuracy of demand
forecasting and further improve model performance.

Ultimately, by adopting and implementing the two-warehouse inventory model, considering
degradation, inflation, and LIFO shipping policy, companies in the red wine industry can gain a
competitive advantage, reduce costs and provide superior customer service, contributing to their
long-term success in the marketplace.

ISSN:1539-1590 | E-ISSN:2573-7104 3371 © 2024 The Authors
Vol. 6 No. 1 (2024)



OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

References:

[1]

2]

3]

4]

5]

6]

[7]

8]

9]

[10]

[11]

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), 5115-5120.

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.
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.

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.

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.
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.
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.

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.

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.

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.

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.

ISSN:1539-1590 | E-ISSN:2573-7104 3372 © 2024 The Authors
Vol. 6 No. 1 (2024)



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

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.

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.

Yadav, A.S., Kumar, J., Malik, M. and Pandey, T. (2019) Supply Chain of Chemical
Industry For Warehouse With Distribution Centres Using Artificial Bee Colony Algorithm.
International Journal of Engineering and Advanced Technology, Volume-8, Issue-2S2, 14-
19.

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.

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.
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.

Yadav, A.S., Navyata, Ahlawat, N. and Pandey, T. (2019) Reliability Consideration based
Hazardous 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.

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.

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)

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.

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

ISSN:1539-1590 | E-ISSN:2573-7104 3373 © 2024 The Authors
Vol. 6 No. 1 (2024)



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

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

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. IPASJ International journal of computer science, Volume 5, Issue 6, 15-35.
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.

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 Genetic algorithm and Particle Swarm optimization. International Journal of
Application or Innovation in Engineering & Management, Volume 6, Issue 6, 86-107.
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.

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.

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

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

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 .
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.
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.
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.

ISSN:1539-1590 | E-ISSN:2573-7104 3374 © 2024 The Authors
Vol. 6 No. 1 (2024)



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

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.

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

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.

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.

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.

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.

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.

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. IV, 47-53.

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.

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.

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.

Yadav, A.S., Rajesh Mishra, Kumar, S. and Yadav, S. (2016) Multi Objective Optimization
for Electronic Component Inventory Model & Deteriorating Items with Two-warehouse

ISSN:1539-1590 | E-ISSN:2573-7104 3375 © 2024 The Authors
Vol. 6 No. 1 (2024)



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

using Genetic Algorithm. International Journal of Control Theory and applications,
Volume 9 No.2, 881-892.

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.

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.

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.

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.

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. International Journal Procurement Management, Volume 10, No. 6, 761-775.
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.

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.

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.

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.

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.

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.

ISSN:1539-1590 | E-ISSN:2573-7104 3376 © 2024 The Authors
Vol. 6 No. 1 (2024)



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

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.

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.

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.
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.

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.

Yadav, A.S. (2017) Analysis of Seven Stages Supply Chain Management in Electronic
Component 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.

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 .

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.

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.

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.

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.

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.

ISSN:1539-1590 | E-ISSN:2573-7104 3377 © 2024 The Authors
Vol. 6 No. 1 (2024)



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

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.

Singh, RK., 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.
Singh, RK., 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.

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.

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

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

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 .

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.

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-6S4, 369-
373.

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.

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.

ISSN:1539-1590 | E-ISSN:2573-7104 3378 © 2024 The Authors
Vol. 6 No. 1 (2024)



OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

Appendix A

1 3
g(ta +tL) a

=04.0 N +
4
%+T—§j(ra+@) +
04 a 5
4_(1)+%j(ta+@) _
o aH 6
Ea
o {(ta +tL)2_a4(ta +fL)3 o (g +fL)4J}+
v 2 3 8
3 4
(t+i) _ea(n+i) 4
6 12
a(n+1; )5 2 (h+1r )6 B
40 36
2
t, +t
%(30#&)—2(%“0)_
~(tg+11 )a2+aq) al(ta +1L)2 3 3
age e S(n+ep) =2(tg +11)")-
3
ay(t, +t
) (44 41,)-3(0, +1,))-
3
0(40!1(ta+tL) (2(t1+tL)3_(ta+tL)3)_
36
4
oy (t, +1t
e (504 1) a1, +1,)

ISSN:1539-1590 | E-ISSN:2573-7104
Vol. 6 No. 1 (2024)

3379

© 2024 The Authors



OPTIMIZING TWO-WAREHOUSE RED WINE INVENTORY MANAGEMENT WITH DETERIORATION: A LIFO DISPATCH STRATEGY

Appendix B
i i 2 3 7
oty (10 +17) a4(’a2+fL) _al(ta;'tL) ]
2 3 4
st )ran) |(1F1)" aaltitt)  an(n+)
0
2 6 12
5 2
ayey(+1p) (tg+11)
% 1« > (2(4+11)~(tg+11))
K(n+t)= a,.+o o (ty +17) 3 3
R () ‘T(4(11+1L) —(fa+fL))
2
+W(3(t1+tL)—2(ta+tL))
2
+6W1(tm(5(t1+tL)3—3(ta+tL)3)
30
3
aoq\t, +t
I +1(§‘4L)(4(t1+tL)—3(ta+tL)) |
2
t,+t 3o, +a, 3
(a 2L) ( 2 4)(fa+tL)
+ahcrwao o oH 4 (07124 (05104 5
+(lé+284](ta+q) _(gol_golj(taw)

1 3 (o « 4
g(faHL) —(ijl;j(faﬂL)
+adca1 O!O
ﬂ (07122 5_ 7127} _0.’20.’1 6
+(40+ 15 j(t"HL) ( 36 24 j(t"‘w)

(ta+t) eulta+t) an(te+t,)’

2

X

aoe—(ta + ) +ay)

ISSN:1539-1590 | E-ISSN:2573-7104
Vol. 6 No. 1 (2024)

3 8

}
(4 +fL)3 _ay(n +fL)4 + o (1 +fL)5
6 12 40
6 2
a4a1(t1 +tL) (ta +IL)
36 6
2
ottty
60

et ) (44 11)-3(1,41,)

(31 +12)~2(t5+11))

(5(t1+tL)3—2(ta+tL)3)

3
(2(11 i) (1, +fL)3)

(5(1+2)~4(ta +11)

3380 © 2024 The Authors



