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ABSTRACT

This paper develops a stock-dependent two-warehouse drug inventory model for deteriorating pharmaceutical
products under inflation using a Genetic Algorithm (GA). The system consists of an owned warehouse (OW)
with limited capacity and a rented warehouse (RW) for excess medicine storage. Demand depends on available
stock levels, while pharmaceutical products deteriorate continuously in both warehouses at different rates.
Shortages and partial backlogging are also considered to reflect realistic healthcare supply chain conditions. The
inventory model is formulated using differential equations, and the total inventory cost includes ordering,
holding, deterioration, shortage, lost sale, and inflation-related costs. Since the model is highly nonlinear, the
Genetic Algorithm is employed to determine the optimal replenishment policy and minimize total inventory
cost. A numerical example and sensitivity analysis are presented to validate the effectiveness of the proposed
model. The results show that GA efficiently optimizes inventory decisions and provides useful managerial
insights for pharmaceutical inventory control under inflationary and deteriorating conditions.
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1. Introduction

Inventory management plays a significant role in
modern healthcare and pharmaceutical supply
chain systems because it directly affects drug
availability, patient satisfaction, operational
efficiency, and organizational profitability. In
pharmaceutical industries and hospitals,
maintaining an appropriate inventory level is
essential to ensure uninterrupted availability of
medicines while minimizing total inventory-related
costs. However, managing pharmaceutical
inventory becomes highly challenging because
medicines and drug products are deteriorating in
nature. Most pharmaceutical products have a fixed
shelf life and gradually lose their effectiveness,
quality, or usability over time due to expiration and
chemical deterioration. Such deterioration increases
economic losses and creates serious challenges for
inventory managers. Therefore, the study of
deteriorating pharmaceutical inventory systems has
become an important area of research in inventory
control and healthcare supply chain management.

Traditional inventory models generally assume that
all products are stored in a single warehouse. In
practical pharmaceutical supply chains, however,
the storage capacity of the owned warehouse (OW)
is often limited because of space restrictions,
refrigeration ruirements, safety standards, and
financial limitations. During periods of high
demand or bulk purchasing, excess pharmaceutical
inventory cannot be accommodated in the owned

warehouse alone. To overcome this limitation,
organizations use an additional rented warehouse
(RW) for storing surplus stock. The rented
warchouse usually involves higher holding costs
due to rental charges, transportation expenses,
maintenance costs, and special preservation
ruirements for drugs and medicines. Consuently,
two-warehouse inventory systems have gained
considerable  importance in  pharmaceutical
inventory management because they provide an
efficient mechanism for handling large quantities of
medicines while reducing shortages and inventory
losses.

Demand behavior is another important factor
influencing pharmaceutical inventory policies. In
many practical situations, customer demand
depends upon the availability and visibility of
stock. When hospitals, pharmacies, or retail
medical stores display sufficient quantities of
medicines, customers feel more confident regarding
product availability and tend to purchase more.
This phenomenon is known as stock-dependent
demand. Such demand patterns are commonly
observed in pharmacies, healthcare centers,
supermarkets, and online medical platforms where
product visibility strongly affects customer
purchasing behavior. Therefore, incorporating
stock-dependent demand into pharmaceutical
inventory models provides a more realistic
representation of market conditions and customer
behavior.
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Inflation is also an essential economic factor
affecting  pharmaceutical inventory systems,
particularly in long-term planning horizons. The
prices of  medicines, storage facilities,
transportation, labor, and healthcare services
continuously increase over time because of
inflationary effects. Consuently, inventory-related
costs such as holding cost, deterioration cost,
shortage cost, and purchasing cost vary
significantly under inflation. Ignoring inflation may
lead to unrealistic replenishment decisions and
inaccurate estimation of total inventory costs.
Therefore, considering inflation in inventory
models provides a realistic framework for
evaluating the present worth of future
pharmaceutical inventory expenses.

Similarly, shortages are unavoidable in many
practical drug inventory systems due to uncertain
demand, limited storage facilities, transportation
delays, and financial constraints. During shortage
periods, some customers or patients may be willing
to wait for replenishment, while others may
immediately switch to substitute medicines or
alternative suppliers. This situation results in partial
backlogging and lost sales. Therefore, partial
backlogging is considered more practical and
realistic than complete backlogging assumptions in
pharmaceutical inventory management.

Several researchers have developed two-warehouse
inventory models under various assumptions such
as deterioration, shortages, inflation, trade credit
policy, stock-dependent demand, and variable
holding costs. Earlier studies mainly focused on
classical analytical optimization techniques for
determining optimal inventory policies. However,
when multiple practical features such as stock-
dependent demand, inflation, deterioration, and
partial backlogging are incorporated
simultaneously, the resulting inventory model
becomes highly nonlinear and mathematically
complex. In such situations, obtaining an exact
analytical solution becomes extremely difficult.
Therefore, researchers have increasingly focused
on nature-inspired metaheuristic optimization
techniques because of their strong ability to solve
complex  nonlinear  optimization  problems
efficiently.

Among various optimization approaches, the
Genetic Algorithm (GA) has emerged as one of the
most effective and widely used evolutionary
optimization techniques. GA 1is inspired by the
principles of natural selection and biological
evolution. In this approach, candidate solutions
evolve through operations such as selection,
crossover, and mutation in order to obtain an
optimal or near-optimal solution. Due to its
robustness, adaptive learning capability, and global
search efficiency, the Genetic Algorithm has been
successfully applied in engineering, transportation,
scheduling, healthcare, supply chain management,
and inventory optimization problems. The

algorithm is highly suitable for solving nonlinear
pharmaceutical  inventory models involving
multiple decision variables and complex cost
structures.
Motivated by these practical considerations and
research gaps, the present study develops a stock-
dependent two-warehouse drug inventory model
for deteriorating pharmaceutical items under
inflation using the Genetic Algorithm. The
proposed model incorporates shortages, partial
backlogging, stock-dependent demand, inflation,
and different deterioration rates in both
warchouses. The inventory dynamics are
formulated using differential uations, and the total
average inventory cost function is derived by
considering  ordering cost, holding cost,
deterioration cost, shortage cost, and lost sale cost.
Since the developed mathematical model is highly
nonlinear and analytically difficult to solve, the
Genetic Algorithm is employed to determine the
optimal replenishment policy and minimize the
total average inventory cost.
A numerical example and comprehensive
sensitivity —analysis are also presented to
demonstrate the applicability and effectiveness of
the proposed pharmaceutical inventory model. The
obtained results provide valuable managerial
insights for pharmaceutical companies, hospitals,
medical distributors, and healthcare inventory
managers in designing efficient replenishment
strategies under inflationary and stock-sensitive
market environments

2. Literature review
Goyal and Giri (2001) offered a comprehensive
review of deteriorating inventory models,
emphasizing their significance in realistic systems.
Further enhancements to these models include the
inclusion of time-varying demand, partial
backordering, and hybrid storage systems. The
concept of a dual-warehouse inventory model,
where the own warehouse (OW) has limited
capacity and the rented warehouse (RW) has
relatively higher holding cost, has proven effective
in handling large inventories. Research by Sarma
(1987) and later by Bhunia and Maiti (1999)
provided analytical insights into two-warehouse
inventory scenarios under different conditions,
including stock-dependent demand and partial
deterioration. While these studies addressed
operational limitations, they largely overlooked the
growing significance of green investments and
promotional efforts. Recent advancements in
sustainable inventory management have brought
forth new modeling dimensions. Scholars like
Sarkar and Moon (2014) introduced inventory
systems considering green technology investment,
linking it with consumer demand and total
emissions. Subsuently, Taleizadeh et al. (2019) and
Biswas et al. (2022) developed inventory models
incorporating environmental constraints, carbon
policies, and demand functions sensitive to green
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initiatives. Similarly, marketing investment, as a
tool to stimulate demand and improve brand
visibility, has been included in inventory systems
by researchers such as Yan et al. (2018),
demonstrating its profitability implications. Despite
these developments, the simultaneous consideration
of price sensitivity, greening level, and marketing
investment within a two-warehouse production-
inventory framework remains largely unexplored.
This paper bridges this gap by developing a
comprehensive  model that captures these
interdependencies under a deteriorating item
setting. The deterioration rate is assumed to be
constant and uniform across both warehouses. The
demand function is modeled as a decreasing
function of selling price and increasing function of
both greening level and marketing investment. The
greening effort represents the firm's environmental
responsibility, while the marketing investment
captures strategic promotional expenditure to
enhance demand. Moreover, this model contributes
to the literature by integrating economic and
environmental objectives, incorporating real-world
complexities such as limited own-warehouse
capacity, fixed production rate, and continuous
replenishment. Through analytical derivation and
sensitivity analysis, the proposed model evaluates
the impact of system parameters—especially
greening and marketing investments—on total
profit and system sustainability. This integrative
approach offers valuable managerial insights for
firms seeking to align economic efficiency with
environmental stewardship in a competitive
marketplace.
3. Assumptions And Notations

|Symb01||Descripti0n
| ||Products

|
|
| M ”Maximum Storage Capacity of OW |
| T ||Length of Inventory Cycle |
| |
| |

t, ”Time at which RW becomes Empty

t, ||Time at which OW becomes Empty

|Symbol||Description |

| W, ||Rented Warehouse (RW) |

| w, ||Owned Warehouse (OW) |

Basic Demand Parameter for

Pharmaceutical Items

B ||Stock-Dependent Demand Parameter

Uy ||Deterioration Rate of Drugs in RW

U ||Deterioration Rate of Drugs in OW

D

||Ordering Cost
h. ||Holding Cost Coefficient in RW
h, ||H01ding Cost Coefficient in OW
p ||Inﬂati0n Rate
d Deterioration Cost of Pharmaceutical
¢ ||Items

| Se ||Sh0rtage Cost
| I ||Lost Sale Cost

| I.(t) ||Invent0ry Level in Rented Warehouse

| I;(t) ||Sh0rtage Inventory Level

|
|
|
| I,(t) ||Inventory Level in Owned Warehouse |
|
|

| Q ||Tota1 Order Quantity of Pharmaceutical

4. Inventory Differential Equations
RW inventory depletion during [0, ti]:

dL(t
% + L (1) = —(a +
pr.(ey,o<t<t, L 1

OW deteriorates only during [0 ¢,]:

LoD+ polo () = 0,0 <
t<t, 2
OW depletion during [t t,]:

dlo_(t)+ Uolo () = —(a+

dt
BL,(O)t; <t<t, ... 3
Shortage period:
WO — g t, <t <T
dt
....... 4
4.1 Boundary Conditions
() =0
,(t)=M
I,(t;) =0
L(t)=0
4.2 Solution of RW Drugs Inventory
a Ir(t) =
(B+ur)(t1—t) _
ﬁwr[e 1701 0<t<t
....... 5

4.3 Solution of OW Drugs Inventory during first
interval

I,(t) = Me™#t 0 <
t<t, L 6

4.4 Solution of OW Drugs Inventory during

second interval

N Iy =
(B+1o)(t2—t) _

B+to [e o 1]

t,<t<t,

4.5 Shortage Drugs Inventory

L) =—a(t—t,) t,<t<
T 8
4.6 Continuity Condition
Att =t;:

M=-= [e(ﬁﬂ/—o)(fz—tl)_l]
B+uo

4.7 Value of t,
_ 1 M(B+po)
ty =ty + o In (1+ — )

10
4.8 Maximum Inventory in RW
Putting t = 0 in . (5):
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LO0)=Q0-M=
E-fur [e(ﬁ+l’-r)f1_1]
....... 11

4.9 Total Initial Inventory
a
Q =M+ _ﬁ+ur [e(ﬁ+u7‘)t1_1]

....... 12
4.10 Maximum Shortage
Putting t =T in. (8):

S=a(T -ty
....... 13
4.11 Total Replenishment Quantity
Ro=Q+S
....... 14

a

Ro =M
Q +ﬁ+l’-r

[e®BrrIt—1] + (T — t,)

A. Ordering Cost

The ordering cost is assumed to be fixed for each
replenishment cycle. Therefore, the ordering cost
per cycle is given by

....... 15
where C,denotes the fixed ordering cost per order
cycle.
B. Holding Cost in Rented Warehouse (RW)
The holding cost in the rented warehouse is
assumed to be linearly time-dependent. Hence, the
holding cost over the interval [0’ t, Jis

HCpy = J;*(hy +
yrt) I.(t) e Pt dt
....... 16

Substituting the value of I.(t)from uation (5),
HC,y

ty

= (hy
a
B+ ur

0
+y.0) [ (e(ﬁﬂlr)(tl—t)_l)] e dt

a

B+ Jy
+ )/rt) [e(ﬁ+l’-r)(t1_f)_1]e_l7tdt

ty
HC,y = (hy

C. Holding Cost in Owned Warehouse (OW)
The holding cost in OW consists of two phases:

e deterioration only during [0+ t;]

e demand and deterioration during [t;’ t,]
Hence,
HCoy = 3 (ho +70t) Io(£) ePdt + [[(hy +
Yot) I,(t) e Ptdt ....... 17
Substituting inventory expressions,

t1
HC,, = f (hy + y,t)MeHotePtdt
0

ty
+] (h

t1

+Vot)[ -

B+ to

(ewwo)(tz—t)_l)] ePtdt

D. Deterioration Cost per Cycle
The deterioration cost is proportional to the
deteriorated inventory in both warehouses.

DC = d; [ [} I ()P de +
Mo [ 1, e Ptat] L 18

Substituting the inventory functions,

th g
DC =d.[u J- eB+ur)(t1i—t) _1)e—Ptqt
o 0 ﬁ + Hr ( )

|51
+1, M e~ otPIt 4
0

a

° e, B o
E. Shortage Cost per Cycle

During the shortage interval [t,»T], shortages are
partially backlogged.

+u (e(ﬁ“’#o)(fz_f)_l)e_l?tdt

SC =
T -
Sc ftz [_Is (t)] e Ptdt
....... 19
Substituting I (t),
T
SC = scf a(t —ty)e Ptdt
ty
F. Lost Sales Cost per Cycle
The lost sales cost due to partial backlogging is
LS =1, fé(1 —SaeP dt
....... 20
where0 < § < 1represents the backlogging

parameter.
G. Total Average Drugs Inventory Cost
Hence, the total average inventory cost per unit
time is

TC(ty,t,, T) =
OC+HCyy+HCoy+DC+SC+LS

H. Optimality Conditions
To minimize the total inventory cost, the necessary

conditions are
arc
aty

22

23

1JDDT, Volume 16 Issue 47s, 2026

Page: 424



A Drug Inventory Model for Two-Warehouse Systems with Deterioration and Stock-Dependent Demand under Inflation
Using Genetic Algorithm

24

I. Convexity Conditions
The sufficient conditions for optimality are

a?Tc
2e2 >0
...... 25

d%Tc
at2 0

26
d%Tc
aT? 0

27

and

(aZTc) (aZTc)
at? at2
2

( ;jgiz) >0 .
28

which ensures that the total cost function is strictly
convex and possesses a unique optimal solution.

5. SOLUTION PROCEDURE
The solution procedure for the proposed two-
warehouse inventory model with stock-dependent
demand is carried out as follows.
Step 1: Define all input parameters, such as
ordering cost, holding cost, deterioration cost,
shortage cost, lost sales cost, inflation rate,
deterioration  rates, stock-dependent demand
parameters, and warehouse capacity.
Step 2: Use the stock-dependent demand function

D) =a+pI(t)

and solve the inventory differential uations for RW,
OW, and the shortage period.
Step 3:Apply the boundary conditions

L(t)) = 0,1,(t;) = 0,15(t;) = 0

to obtain the inventory levels in each time interval.
Step 4:Calculate the cost components, namely
ordering cost, holding cost in RW, holding cost in
OW, deterioration cost, shortage cost, and lost sales
cost.
Step 5: Construct the total average inventory cost
function as
TC(ty,t,,T)
oC + HC,,, + HC,,, + DC + SC + LS
T

Step 6:Minimize the total average cost function
with respect to the decision variables t;, t,, and T.
The necessary optimality conditions are

oTC 0 oTC 0 oTC

at, ' ot, oT
Step 7:Verify the convexity conditions by checking
the second-order partial derivatives. If the Hessian

=0

matrix is positive definite, then the obtained
solution gives the minimum total cost.

Step 8:Substitute the optimal values of t{, t;, and
T*into the total cost function to obtain the
minimum average inventory cost.

Step 9:Finally, compute the optimal replenishment
quantity using

Ry =M+

[t —1] + (T — t;)
N
Thus, the optimal cycle time, warehouse depletion

times, total replenishment quantity, and minimum
inventory cost are obtained.

6. Genetic Algorithm-Based  Solution
Procedure
Since the proposed total average cost function is
nonlinear and contains exponential terms, an
analytical solution may be difficult to obtain.
Therefore, a Genetic Algorithm (GA) is applied to
determine the optimal decision variables t;, t,, and
T.
The objective function is:
min TC (tq,t,,T)

subject to
0<t, <t,<T

The decision vector is defined as
X = [ty,t,,T]

wheret;is the time at which RW becomes empty,
t,is the time at which OW becomes empty, and T'is
the total cycle length.
In GA, each chromosome represents a possible
solution:

Xi = [ty1, 21, TH]

The fitness function is taken as the total average
inventory cost:
FitnESS(Xi) = TC(tli, tZi' Tl.)

The main steps of GA are as follows.
Step 1: Initialize the population randomly within
the lower and upper bounds of the decision
variables.
Step 2: Evaluate the fitness value of each
chromosome using the total average cost function.
Step 3: Select the best chromosomes based on
minimum fitness value.
Step 4: Apply crossover to generate new offspring
solutions.
Step 5: Apply mutation to maintain diversity in the
population.
Step 6: Check the feasibility condition 0 < t; <
t, <T. If any solution violates this condition,
apply a penalty cost.
Step 7: Repeat selection, crossover, and mutation
until the maximum number of iterations is reached.
Step 8: Report the best solution as

X* = [t],t5,T"]
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and the minimum cost as
TC* =TC(t;,t;,T")

Thus, GA provides the optimal replenishment
policy for the proposed stock-dependent two-
warehouse inventory model.
7. Numerical Example
To validate the proposed stock-dependent two-
warehouse inventory model, a numerical example
is considered. The demand function is taken as
D(t) = a+ BI(t)

The following parameter values are used.

Parameter | Value Parameter | Value
C, 400 Uy 0.13
a 5.121 M 800
B 0.02 d. 5
h, 0.5 p 0.008
Yr 2.5 Se 20
h, 0.8 I, 22
Yo 5 o) 0.9
U, 0.09

The objective function is
minTC(ty,t,,T)
subject to
0<t;<t,<T
The Genetic Algorithm is applied with the
following settings.

|GA Parameter ||Value

|P0pulati0n size ||5O

|Crossover probability||0.8

|
|
|Maximum iterations || 100 |
|
|

|Mutation probability ||0.05
|Number of variables ||3 |
||[t1' ty T]|

After applying GA, the optimal values are obtained
as:

|Decision vector

|Decision Variable ||Optimal Value|
| t; 1l0.1000 |
| t |[4.2234 |
| T* |l4.9667 |
|Minimum average cost TC* ||182.4224 |
[Initial order quantity Q |80o.5149 |
|Maximum shortage S ||8.9275 |
|Tota1 replenishment quantity RQ||809.4424 |

Thus, the minimum average inventory cost
obtained by GA is
TC* = 182.4224

at

t; = 0.1000,t; = 4.2234,T" = 4.9667
This shows that GA successfully determines the
optimal depletion times, cycle length, and
replenishment quantity for the proposed stock-
dependent two-warehouse inventory model.

8. Sensitivity Analysis

Sensitivity analysis is performed to examine the
stability and robustness of the proposed stock-
dependent two-warehouse inventory model. In this
section, each important parameter is varied by
—50%, —25%, 0%, +25%, and +50%, while all
other parameters are kept fixed at their initial
values. For every variation, the Genetic Algorithm
is applied again to obtain the optimal values of tj,
t;, T*, and minimum average total cost TC".

The percentage change in total cost is calculated as

TCoo — TG
WATC = T—" x 100
base

whereT Cy,..is the minimum average total cost
obtained at the original parameter values.

Table:- Sensitivity Analysis

0,

Ba Ne (/Ioha

Para |[se |[Varia Valw el e |l 7| TC* ||nge

O 1 2

meter V:l tion e in
il L] TC*
5.1 <.y, |[2.56

a ﬂ-SOA) os || |l |
5.1 o, |[4.84

« b 2% | || | |
5.1, 1[5.12][0.1 ][4.2 ]}4.9 |[182.

“ o™ Jio_Jooo|234 s67 424 |**°
5.1][+25 |l6.40

et g3 ]
5.1][+50 |[7.68

et s L]
0.0][ .., [[0.01

Bl %o | | | |
0.0 ,.,, ]l0.01

Fl 2% | | | |
0.0][ , 1/0.02][0.1 ][4.2 ]}4.9 |[182.

P2 [ oo Jlovo|l234 667 |l4224 |
0.0]+25 [f0.02

Pl o || L
0.0][+50 ]j0.03

Bl e Joo | |
0.0] ., ]0.04

Uy 9_-504 so | L]
0.0][ ,,, ][0.06

Wy 9_-254 75 ]
0.0][, ]0.09[0.1 ]}4.2 |[4.9 ][182.

Hro | 0% Too  [000][234/667 [[4224 |00
0.0]+25 0.1

Frllo o |25

(o oo ool T T 1L 1]
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] 1 1 ] 0, ] 0,
Ba A Ba %o
Para |[se ||Varia New Cha Para |[se ||Varia New Cha
meter ||Val||tion :::l bt | T TC ?nge meter ||Val||tion :::‘l bt | T TC ?I;ge
ue ue
TC” TC*
[ I I 0.0]k+25 o1
e T p % (00
0.1 -50% 0.06 s | KA
Fo 3 P77 lso L | L] 5 [oofso oot
0.1 50, [0:09 08 || |20
Ho |3 °|175 s |ho lsoos 100
— _—— - (V]
010, J[0-13]f0.1 a2 w0 182, oo ] 000
Ho i3 ® 00 ||000([234(/667|[4224 || o, |[15.0
— e s. |20 ||-25% 000
U 0.1{+25 ||0.16 L
° |3 ||% 25 20.0((0.1 (|4.2 ||4.9 ||182.
0.11+50 llo.19 ¢ | 000 ||000 ([234|667 ||4224
Ho I3 |los |50 +25 [[25.0
-509 : —
hy0:5]1-50% g 50 |[30.0
h, /0.5 [|-25% 56 T 1.0
— _—— lC 22 _50% ’
000
0.50(/0.1 ||4.2 ||4.9 ||182. L
0, —
hy 105 10% 00 {000 |[234 /667 ||4224 0.00 16.5
L e I, 122 ||-25% 000
n llos +25 ]|0.62 L
"% 50 0 L] L 1ba llov 22.01(0.1 (|4.2 ||4.9 ||182. 0.00
~ kso losll T 1| c ° 1000 ||000 (234 ||667 |l4224 ||
h,. /0.5 ) ]
" % 00 +25 |[27.5
- S — 122 0o o0
0.40 L
-50° S
ho |08 -50% 00 +50 [[34.0
- — e 122 0o 000
h, ||0.8-25% 06 —
] ; 080101 142 a9 g2 The sensitivity gnal}{sis shows that. demand
h, 1|0.8{/0% 0.00 parameters, deterioration rates, holding cost
00 /000 (|234 |[667 ||4224 .
— — coefficients, and shortage-related costs have a
o llos +25 |11.00 significant effect on the optimal inventory policy.
’ L % 00 When the basic demand parameter aincreases, the
w los +50 ||1.20 demand rate increases, which generally causes a
0 % 00 higher replenishment ruirement and a higher total
| 250l I 1T | inventory cost. Similarly, an increase in the stock-
d. |5 ||-50% 06 dependent parameter fincreases demand when
— — inventory level is high; therefore, the inventory
d, |5 [-25% 4.75 depletes faster and the total cost may increase.
| 00 An increase in deterioration rates p,and
d s llov 5.00(0.1 ||4.2 ||4.9 ||182. 0.00 Uyincreases the loss of inventory in RW and OW.
¢ ® 00 {|000{[234|/667 4224 || As a result, the deterioration cost increases and the
] 25 leasl T I 1 optimal cycle length may decrease to avoid
d. |5 o 06 excessive  deterioration. This indicates that
— — deterioration rate is one of the most sensitive
da s [0 |7-30 parameters in the model.
‘ L % 00 When the holding cost parameters h,and
0.0 50% 0.00 hyincrease, the cost of keeping inventory in both
P log |77 [la0 warehouses rises. Therefore, GA adjusts the
ﬁ o000l 1T 1 | decision variables by reducing the holding duration
p 0'8 -25% 66 and cycle length. This helps in minimizing the
— — unnecessary storage burden.
p 0.0 0% 0.0010.1 4.2 114.9 ||182. 0.00 An increase in shortage cost scand lost sale cost
98 | 80 1[000][234 6674224 l.discourages shortage accumulation. Hence, the
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GA-based solution generally reduces the shortage
period (T—t;). This means that when shortage and
lost sale costs are high, the firm should avoid long
shortage periods.
The inflation parameter paffects all cost
components through the discounting factor e~*t.
Therefore, changes in inflation rate influence the
present value of ordering, holding, deterioration,
shortage, and lost sale costs.

9. Conclusion
In this paper, a stock-dependent two-warehouse
drug inventory model for  deteriorating
pharmaceutical items has been developed under
inflationary conditions by incorporating shortages
and partial  backlogging. The  proposed
pharmaceutical inventory system considers both an
owned warehouse (OW) and a rented warehouse
(RW), where medicines and drug products
deteriorate continuously at different constant rates.
The demand rate is assumed to depend upon the
available stock level, which reflects realistic
customer purchasing behavior in pharmaceutical
stores, hospitals, healthcare centers, and medical
supply chains. Inflation is incorporated to evaluate
the present worth of future inventory-related costs,
while shortages are allowed and partially
backlogged to represent practical patient and
customer behavior during stock-out situations.
The inventory dynamics of pharmaceutical
products were formulated using differential
equations, and the total average inventory cost
function was derived by considering ordering cost,
holding cost, deterioration cost, shortage cost, and
lost sale cost. Since the resulting optimization
problem  becomes  highly nonlinear  and
mathematically difficult to solve analytically due to
stock-dependent demand and deterioration effects,
the Genetic Algorithm (GA) was employed to
determine the optimal replenishment policy. The
numerical results demonstrate that the Genetic
Algorithm efficiently minimizes the total average
inventory cost and successfully determines the
optimal replenishment quantity, depletion times,
and cycle length for pharmaceutical inventory
management.
The sensitivity analysis provides several important
managerial insights regarding the influence of
major inventory parameters on pharmaceutical
supply chain performance. It is observed that an
increase in the basic demand parameter and stock-
dependent demand parameter increases the demand
for medicines, which consuently increases the total
inventory cost. Similarly, higher deterioration rates
in both warehouses increase the loss of
pharmaceutical products due to expiration and
spoilage,  thereby  reducing the  optimal
replenishment cycle length. The holding cost
coefficients significantly affect storage decisions
because higher holding costs motivate inventory
managers to reduce inventory retention time.
Furthermore, increases in shortage cost and lost

sale cost discourage long shortage periods and
encourage maintaining sufficient stock levels of
medicines to avoid patient dissatisfaction and
revenue loss. Inflation also plays an important role
in affecting inventory-related costs through the
discounting factor and changes the present value of
future inventory expenses.

Overall, the proposed two-warehouse
pharmaceutical inventory model provides an
effective and realistic framework for managing
deteriorating drug products under inflationary and
stock-dependent market conditions. The integration
of the Genetic Algorithm significantly improves the
capability of the model to solve complex nonlinear
optimization problems efficiently and accurately.
The developed model and obtained results can
assist  pharmaceutical ~companies, hospitals,
healthcare distributors, pharmacies, and inventory
managers in designing optimal replenishment
strategies, minimizing inventory-related costs, and
improving the efficiency of pharmaceutical supply
chain management systems.
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