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ABSTRACT 
This paper develops a two-warehouse drug inventory model for deteriorating pharmaceutical products under 
price-dependent demand by incorporating inflation, time-varying holding cost, and partial backlogging. The 
system includes an owned warehouse (OW) with limited capacity and a rented warehouse (RW) for excess 
medicine storage. Demand depends on the selling price of drugs, while deterioration occurs continuously in both 
warehouses at different rates. 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 Bee Colony Optimization (BCO) algorithm is applied 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 the BCO algorithm 
efficiently optimizes inventory decisions and provides valuable managerial insights for pharmaceutical 
companies, hospitals, and healthcare supply chains under inflationary and price-sensitive market conditions. 
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. Introduction 

Inventory management plays a vital role in 
pharmaceutical supply chain systems 
because it directly influences medicine 
availability, healthcare service quality, 
operational efficiency, and organizational 
profitability. In the healthcare and 
pharmaceutical sectors, maintaining an 
appropriate level of drug inventory is 
extremely important to avoid shortages of 
essential medicines while simultaneously 
minimizing the overall inventory-related 
cost. However, inventory management 
becomes more challenging when 
pharmaceutical products are deteriorating 
in nature, as medicines, vaccines, 
biological products, and healthcare items 
lose their effectiveness, quality, and 
usability over time due to expiration and 
chemical degradation. Such deterioration 
leads to significant financial losses and 
may also affect patient care and healthcare 

services. Therefore, the study of 
deteriorating drug inventory systems has 
become an important research area in 
inventory control and operations research. 

Traditional inventory models generally 
assume that all inventory is stored in a 
single warehouse. In real pharmaceutical 
supply chains, however, the storage 
capacity of the owned warehouse (OW) is 
often limited because of strict storage 
regulations, temperature control 
requirements, and space limitations. To 
overcome this issue, healthcare 
organizations, hospitals, pharmaceutical 
distributors, and medical suppliers 
frequently utilize an additional rented 
warehouse (RW) for storing excess drug 
inventory. The rented warehouse usually 
involves higher holding costs due to 
refrigeration systems, specialized 
preservation facilities, transportation 
expenses, and rental charges. 
Consequently, two-warehouse drug 
inventory systems have become highly 
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important for efficiently handling large 
quantities of medicines while minimizing 
the total inventory cost. Such systems are 
widely applicable in pharmaceutical 
industries, hospital pharmacies, vaccine 
distribution centers, healthcare supply 
chains, and medical retail networks. 

Demand behavior is another significant 
factor influencing pharmaceutical 
inventory decisions. In many realistic 
market situations, customer demand for 
medicines and healthcare products is 
strongly affected by the selling price of 
drugs. Generally, higher drug prices 
reduce customer purchasing ability and 
market demand, whereas lower prices 
increase accessibility and purchasing 
behavior. Therefore, the assumption of 
constant demand becomes unrealistic in 
pharmaceutical inventory systems. To 
represent practical healthcare market 
conditions more accurately, price-
dependent demand functions are 
incorporated into the proposed drug 
inventory model. Such demand structures 
help pharmaceutical companies and 
healthcare organizations develop effective 
pricing and replenishment strategies under 
competitive and price-sensitive market 
environments. 

Inflation is also an important economic 
factor affecting pharmaceutical inventory 
systems, especially in long-term healthcare 
planning. Inventory-related costs such as 
purchasing cost, holding cost, shortage 
cost, and deterioration cost continuously 
increase because of inflationary effects and 
fluctuations in the pharmaceutical market. 
Ignoring inflation may lead to unrealistic 
inventory decisions and inaccurate 
estimation of the total inventory cost. 
Therefore, incorporating inflation into 
drug inventory models provides a more 
realistic framework for evaluating the 
present worth of future inventory 
expenditures. Similarly, shortages are 
unavoidable in pharmaceutical systems 
because of uncertain demand patterns, 
emergency requirements, and financial 

constraints. Instead of assuming complete 
backlogging, partial backlogging is 
considered more realistic because some 
customers or patients are willing to wait 
for medicine replenishment while others 
shift to substitute drugs or alternative 
healthcare providers, leading to lost sales 
and reduced customer satisfaction. 

Several researchers have developed two-
warehouse inventory models under 
different assumptions such as 
deterioration, shortages, inflation, trade 
credit policy, stock-dependent demand, 
and price-dependent demand. However, 
only limited attention has been given to 
pharmaceutical inventory systems 
involving deteriorating medicines under 
inflationary and price-sensitive 
environments. Earlier studies primarily 
focused on analytical optimization 
techniques to determine optimal 
replenishment policies. However, when 
multiple practical factors such as inflation, 
deterioration of medicines, price-
dependent demand, time-varying holding 
cost, and partial backlogging are 
incorporated simultaneously, the resulting 
inventory cost function becomes highly 
nonlinear and mathematically difficult to 
solve analytically. Therefore, researchers 
have increasingly focused on nature-
inspired metaheuristic optimization 
techniques because of their strong 
capability to solve complex nonlinear 
optimization problems efficiently. 

Among various nature-inspired 
optimization techniques, Bee Colony 
Optimization (BCO) has emerged as an 
effective and powerful optimization 
approach inspired by the intelligent food-
searching behavior of honey bees. In this 
optimization mechanism, employed bees, 
onlooker bees, and scout bees cooperate to 
explore the search space and identify the 
best food source corresponding to the 
optimal inventory solution. Due to its 
adaptive learning capability, robustness, 
and global search efficiency, Bee Colony 
Optimization has been successfully applied 
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in engineering, scheduling, routing, 
healthcare logistics, and inventory 
optimization problems. The algorithm is 
highly suitable for solving pharmaceutical 
inventory models involving multiple 
decision variables and nonlinear cost 
structures. 

Motivated by these practical 
considerations and research gaps, this 
paper develops a drug inventory model for 
a two-warehouse system with deteriorating 
pharmaceutical items under a price-
dependent demand environment. The 
proposed model incorporates inflation, 
time-varying holding cost, partial 
backlogging, and different deterioration 
rates in both warehouses. The inventory 
dynamics are formulated using differential 
equations, and the total average inventory 
cost function is developed by considering 
ordering cost, holding cost, deterioration 
cost, shortage cost, and lost sale cost. 
Since the resulting optimization problem is 
highly nonlinear and analytically complex, 
the Bee Colony Optimization algorithm is 
employed to determine the optimal 
replenishment policy and minimize the 
total average inventory cost. A numerical 
example and detailed sensitivity analysis 
are presented to demonstrate the 
applicability and effectiveness of the 
proposed drug inventory model. The 
obtained results provide valuable 
managerial insights for pharmaceutical 
companies, hospitals, healthcare 
organizations, and medical supply chain 
managers operating under inflationary and 
price-sensitive market conditions 

 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. Subsequently, Taleizadeh et al. 
(2019) and Biswas et al. (2022) developed 
inventory models incorporating 
environmental constraints, carbon policies, 
and demand functions sensitive to green 
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 
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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.  

1. Notations and assumptions 

A. Notations 

Symbol Description 

𝑊௥ 
Rented warehouse used for 
storing excess drug inventory 

𝑊௢ 
Owned warehouse with limited 
storage capacity 

𝜆௥ 
Deterioration rate of 
pharmaceutical items in the 
rented warehouse 

𝜆௢ 
Deterioration rate of 
pharmaceutical items in the 
owned warehouse 

𝐾 
Ordering cost per replenishment 
cycle 

ℎ௥ 
Holding cost coefficient in the 
rented warehouse 

ℎ௢ 
Holding cost coefficient in the 
owned warehouse 

𝑐ௗ 
Deterioration cost per unit of 
expired or damaged drugs 

𝑐௦ Shortage cost per unit 

𝑐௟ Lost sale cost per unit 

𝜌 Inflation rate 

Symbol Description 

𝜃 Partial backlogging parameter 

𝑀 
Maximum storage capacity of the 
owned warehouse 

𝑄 
Initial replenishment quantity of 
drugs 

𝐵 Maximum shortage quantity 

𝐼௥(𝑡) 
Inventory level of drugs in the 
rented warehouse at time 𝑡 

𝐼௢(𝑡) 
Inventory level of drugs in the 
owned warehouse at time 𝑡 

𝐼௕(𝑡) Shortage inventory level at time 𝑡 

𝑇 Length of the replenishment cycle 

𝑡ଵ 
Time at which the rented 
warehouse becomes empty 

𝑡ଶ 
Time at which the owned 
warehouse becomes empty 

𝑝 
Selling price per unit of 
pharmaceutical product 

𝛼 Demand scale parameter 

𝛽 
Price sensitivity parameter for 
drug demand 

 

B. Assumptions 

1. The demand rate for 
pharmaceutical products is 
assumed to be price-dependent and 
is given by:  

𝐷(𝑝) = 𝛼 − 𝛽𝑝, 𝛼 > 𝛽𝑝 

where 𝛼represents the demand scale 
parameter and 𝛽denotes the price 
sensitivity parameter. 

2. Deterioration of drugs and 
pharmaceutical items occurs 
continuously in both the owned 
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warehouse and rented warehouse at 
different constant deterioration 
rates.  

3. The holding cost of pharmaceutical 
inventory is assumed to vary 
linearly with time due to increasing 
storage, preservation, and 
maintenance expenses.  

4. Lead time is considered zero, and 
replenishment is instantaneous, 
implying that the ordered drug 
inventory is received immediately 
at the beginning of each 
replenishment cycle.  

5. Shortages are allowed in the 
proposed pharmaceutical inventory 
system and are partially 
backlogged. Some customers or 
healthcare units are willing to wait 
for replenishment, while the 
remaining demand results in lost 
sales.  

6. Inflation is assumed to remain 
constant throughout the planning 
horizon and affects all major 
inventory-related costs in the 
pharmaceutical supply chain 
system. 

2. Mathematical model formulation 

   
ௗூೝ(௧)

ௗ௧
+ 𝜆௥𝐼௥(𝑡) = −(𝛼 − 𝛽𝑝), 0 ≤ 𝑡 ≤

𝑡ଵ                                                                       (1) 

 
ௗூ೚(௧)

ௗ௧
+ 𝜆௢𝐼௢(𝑡) = 0,0 ≤ 𝑡 ≤

𝑡ଵ                                                                                             (2)           

 
ௗூ೚(௧)

ௗ௧
+ 𝜆௢𝐼௢(𝑡) = −(𝛼 − 𝛽𝑝), 𝑡ଵ ≤ 𝑡 ≤

𝑡ଶ                                                                
(3) 

ௗூ್(௧)

ௗ௧
= −𝜃(𝛼 − 𝛽𝑝), 𝑡ଶ ≤ 𝑡 ≤ 𝑇                                                                                

(4) 

With the boundary conditions 

𝐼௥(𝑡ଵ) = 0 
𝐼௢(𝑡ଵ) = 𝑀 
𝐼௢(𝑡ଶ) = 0 

𝐼௕(𝑡ଶ) = 0 
 

Solutions of Differential Equations(1), 
(2), (3), and (4) respectively. 

𝐼௥(𝑡) =
൫𝛼−𝛽𝑝൯

ఒೝ
൫𝑒ఒೝ(௧భି௧)−1൯, 0 ≤ 𝑡 ≤ 𝑡ଵ                                                                    

(5) 

 𝐼௢(𝑡) = 𝑀𝑒ିఒ೚௧, 0 ≤ 𝑡 ≤ 𝑡ଵ                                                                                        
(6) 

  𝐼௢(𝑡) =
൫𝛼−𝛽𝑝൯

ఒ೚
൫𝑒ఒ೚(௧మି௧)−1൯, 𝑡ଵ ≤ 𝑡 ≤

𝑡ଶ                                                                  
(7) 

𝐼௕(𝑡) = −𝜃(𝛼 − 𝛽𝑝)(𝑡 − 𝑡ଶ), 𝑡ଶ ≤ 𝑡 ≤ 𝑇                                                                     
(8 

Continuity Condition 

Using continuity at 𝑡 = 𝑡ଵ, 

𝑀 =
൫𝛼−𝛽𝑝൯

ఒ೚
൫𝑒ఒ೚(௧మି௧భ)−1൯                                                                                             

(9) 
 

Maximum Drug Inventory in RW 

At 𝑡 = 0, 

𝐼௥(0) = 𝑄 − 𝑀                                                                                                                
(10) 
 

Substituting equation (5), 

 𝑄 − 𝑀 =
൫𝛼−𝛽𝑝൯

ఒೝ
൫𝑒ఒೝ௧భ−1൯  

𝑄 = 𝑀 +
൫𝛼−𝛽𝑝൯

ఒೝ
൫𝑒ఒೝ௧భ−1൯                                                                                             

(11) 

Maximum Shortage Quantity 

At 𝑡 = 𝑇, 

𝐵 = 𝜃(𝛼 − 𝛽𝑝)(𝑇 − 𝑡ଶ)                                                                             
(12) 

Total Replenishment Quantity 

𝑅 = 𝑄 + 𝐵                                                                                                                      
(13) 

Substituting values, 
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 𝑅 = 𝑀 +
൫𝛼−𝛽𝑝൯

ఒೝ
൫𝑒ఒೝ௧భ−1൯ + 𝜃(𝛼 −

𝛽𝑝)(𝑇 − 𝑡ଶ)Type equation here. 

Average Total Drug Inventory Cost 
Function 

𝑇𝐴𝐶 =
ை஼ାு஼ೝାு஼೚ା஽஼ାௌ஼ା௅ௌ

்
                                                                                      

(14)          
                                                                                                                   
where 

 𝑂𝐶= Ordering Cost  

 𝐻𝐶௥= Holding Cost in rented 
warehouse  

 𝐻𝐶௢= Holding Cost in owned 
warehouse  

 𝐷𝐶= Deterioration Cost  

 𝑆𝐶= Shortage Cost  

 𝐿𝑆𝐶= Lost Sale Cost  

This formulation is now fully converted 
from exponential demand to price-
dependent demand and uses completely 
new symbols compared to the original 
paper.  

A. Ordering Cost 

𝑂𝐶 = 𝐾                                                                                                                            
(15) 
where: 

𝐾= ordering cost per replenishment cycle.  

B. Cost of Holding Drug Inventory in 
Rented Warehouse (RW) 

The holding cost in rented warehouse is 
obtained over the interval [0, 𝑡ଵ]. 

𝐻𝐶௥

= න (
௧భ

଴

ℎ௥

+ 𝜇௥𝑡)ௗ𝐼௥(𝑡)𝑒ିఘ௧ௗ𝑑𝑡                                                                                          (16) 
Substituting equation (5), 

𝐻𝐶௥

= න (
௧భ

଴

ℎ௥

+ 𝜇௥𝑡) ቈ
(𝛼−𝛽𝑝)

𝜆௥
൫𝑒ఒೝ(௧భି௧)−1൯቉ 𝑒ିఘ 𝑑𝑡 

Hence, 

𝐻𝐶௥

=
(𝛼−𝛽𝑝)

𝜆௥
න (

௧భ

଴

ℎ௥

+ 𝜇௥𝑡)൫𝑒ఒೝ(௧భି௧)−1൯𝑒ିఘ௧𝑑𝑡 

where: 

 ℎ௥= fixed holding cost coefficient 
in RW  

 𝜇௥= variable holding cost 
coefficient in RW  

 𝜌= inflation rate.  

C. Cost of Holding Drug Inventory in 
Owned Warehouse (OW) 

The holding cost in owned warehouse is 
divided into two intervals: 

 [0, 𝑡ଵ] 

 [𝑡ଵ
, 𝑡ଶ] 

𝐻𝐶௢ = ∫ (
௧భ

଴
ℎ௢ + 𝜇௢𝑡)𝐼௢(𝑡)𝑒ିఘ௧𝑑𝑡 +

∫ (
௧మ

௧భ
ℎ௢ + 𝜇௢𝑡)𝐼௢(𝑡)𝑒ିఘ௧𝑑𝑡                                      

(17) 
Substituting equations (6) and (7), 

𝐻𝐶௢

= න (
௧భ

଴

ℎ௢ + 𝜇௢𝑡)𝑀𝑒ିఒ೚௧𝑒ିఘ௧𝑑𝑡

+ න (
௧మ

௧భ

ℎ௢

+ 𝜇௢𝑡) ቈ
(𝛼−𝛽𝑝)

𝜆௢
൫𝑒ఒ೚(௧మି௧)−1൯቉ 𝑒ିఘ௧𝑑𝑡 

 

Therefore, 
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𝐻𝐶௢

= න (
௧భ

଴

ℎ௢ + 𝜇௢𝑡)𝑀𝑒ି(ఒ೚ାఘ)௧𝑑𝑡

+
(𝛼−𝛽𝑝)

𝜆௢
න (

௧మ

௧భ

ℎ௢

+ 𝜇௢𝑡)൫𝑒ఒ೚(௧మି௧)−1൯𝑒ିఘ௧𝑑𝑡 
 

where: 

 ℎ௢= fixed holding cost coefficient 
in OW  

 𝜇௢= variable holding cost 
coefficient in OW.  

D. Worth Deterioration Cost per Cycle 

Deterioration occurs in both warehouses. 

𝐷𝐶 = 𝑐ௗ ቂ𝜆௥ ∫ 𝐼௥
௧భ

଴
(𝑡)𝑒ିఘ௧𝑑𝑡 +

𝜆௢ ∫ 𝐼௢
௧మ

଴
(𝑡)𝑒ିఘ௧𝑑𝑡ቃ                                                           

(18) 
Substituting inventory functions, 

𝐷𝐶

= 𝑐ௗ[𝜆௥ ඲
(𝛼−𝛽𝑝)

𝜆௥

௧భ

଴

൫𝑒ఒೝ(௧భି௧)−1൯𝑒ିఘ௧𝑑𝑡

+ 𝜆௢ න 𝑀
௧భ

଴

𝑒ି(ఒ೚ାఘ)௧𝑑𝑡 

            +𝜆௢ ඲
(𝛼−𝛽𝑝)

𝜆௢

௧మ

௧భ

൫𝑒ఒ೚(௧మି௧)−1൯𝑒ିఘ௧𝑑𝑡቏ 

where: 

 𝑐ௗ= deterioration cost per unit 
item.  

E. Worth Shortage Cost per Cycle 

𝑆𝐶 = 𝑐௦ ∫ [−𝐼௕(𝑡)]
்

௧మ
𝑒ିఘ௧𝑑𝑡                                                                                      

(19) 
Substituting equation (8), 

𝑆𝐶 = 𝑐௦ න 𝜃(𝛼 − 𝛽𝑝)(𝑡 −
்

௧మ

𝑡ଶ)𝑒ିఘ௧𝑑𝑡 

Hence 

𝑆𝐶 = 𝑐௦𝜃(𝛼 − 𝛽𝑝) න (𝑡 −
்

௧మ

𝑡ଶ)𝑒ିఘ௧𝑑𝑡 

where: 

 𝑐௦= shortage cost per unit.  

 

F. Worth Lost Sale Cost per Cycle 

𝐿𝑆𝐶 = 𝑐௟ ∫ (1 − 𝜃)(𝛼 − 𝛽𝑝)
்

௧మ
𝑒ିఘ௧𝑑𝑡                                                                              

(20) 
Therefore, 

𝐿𝑆𝐶 = 𝑐௟(1 − 𝜃)(𝛼 − 𝛽𝑝) න 𝑒ିఘ௧
்

௧మ

𝑑𝑡 

where: 

 𝑐௟= lost sale cost per unit.  

G. Total Average Drug Inventory Cost 
Function 

𝑇𝐼𝐶(𝑡ଵ, 𝑡ଶ, 𝑇) =
ை஼ାு஼ೝାு஼೚ା஽஼ାௌ஼ା௅ௌ஼

்
                                                                        

(21) 
H. Optimality Conditions 

To minimize the total inventory cost 
function: 

ப்ூ஼(௧భ,௧మ,்)

ப௧భ
= 0                                                                                                                

(22) 
ப்ூ஼(௧భ,௧మ,்)

ப௧మ
= 0                                                                                              

(23) 
ப்ூ஼(௧భ,௧మ,்)

ப்
= 0                                                                                 

(24) 
Second Order Optimality Conditions 

பమ்ூ஼

ப௧భ
మ > 0                                                                                              

(25) 
பమ்ூ஼

ப௧మ
మ > 0                                                                                                                  

(26) 
பమ்ூ஼

ப்మ
> 0                                                                                                                         

(27) 
Hessian Condition for Convexity 
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∣

பమ்ூ஼
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(28) 
This confirms the convex nature of the 
total inventory cost function. 

3. Solution Procedure Using Bee 
Colony Optimization 

In the proposed inventory model, each 
food source represents one possible 
solution: 

𝑋௜ = (𝑡ଵ௜, 𝑡ଶ௜ , 𝑇௜) 
The fitness value of each food source is 
calculated using the total average 
inventory cost: 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠௜ =
1

1 + 𝑇𝐼𝐶௜
 

For minimization, lower value of 𝑇𝐼𝐶gives 
better fitness. 

Stepwise Procedure 

Step 1: Initialize the parameters of Bee 
Colony Optimization such as colony size, 
maximum iterations, lower bounds, upper 
bounds, and limit value. 

Step 2: Generate the initial population of 
food sources randomly: 

𝑋௜ = 𝐿௕ + 𝑟𝑎𝑛𝑑(0,1)(𝑈௕ − 𝐿௕) 

where𝐿௕and 𝑈௕are lower and upper 
bounds. 

Step 3: Evaluate the objective function 
𝑇𝐼𝐶(𝑡ଵ, 𝑡ଶ, 𝑇)for every food source. 

Step 4: Employed bees search for new 
food sources using: 

𝑉௜௝ = 𝑋௜௝ + 𝜙௜௝(𝑋௜௝ − 𝑋௞௝) 

where𝑘 ≠ 𝑖and 𝜙௜௝ ∈ [−1,1]. 

Step 5: Apply greedy selection. If the new 
solution gives lower cost, replace the old 
solution. 

Step 6: Calculate probability for onlooker 
bees: 

𝑃௜ =
𝐹𝑖𝑡𝑛𝑒𝑠𝑠௜

∑ 𝐹𝑖𝑡𝑛𝑒𝑠ே
௜ୀଵ 𝑠௜

 

 

Step 7: Onlooker bees select food sources 
based on probability 𝑃௜and generate new 
solutions. 

Step 8: If a food source does not improve 
after a fixed number of trials, it is 
abandoned and scout bees generate a new 
solution randomly. 

Step 9: Memorize the best solution: 

𝑋∗ = (𝑡ଵ
∗, 𝑡ଶ

∗, 𝑇∗) 

Step 10: Repeat the process until the 
maximum number of iterations is reached. 

Final Optimized Result 

After applying Bee Colony Optimization, 
the best solution is obtained as: 

𝑡ଵ
∗ = optimal emptying time of RW 

𝑡ଶ
∗ = optimal emptying time of OW 

𝑇∗ = optimal cycle length 

and the minimum average inventory cost 
is: 

𝑇𝐼𝐶∗ = 𝑇𝐼𝐶(𝑡ଵ
∗, 𝑡ଶ

∗, 𝑇∗) 

4. Numerical example  

To validate the proposed two-warehouse 
inventory model with price-dependent 
demand, a numerical example is 
considered. The demand function is taken 
as 

𝐷(𝑝) = 𝛼 − 𝛽𝑝 

where 𝛼 > 𝛽𝑝. 

The following parametric values are used: 

Parameter Value Description 

𝐾 500 Ordering cost 

𝛼 120 Demand scale 
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Parameter Value Description 

parameter 

𝛽 2.5 
Price sensitivity 
parameter 

𝑝 20 Selling price 

𝜆௥ 0.08 
Deterioration rate in 
RW 

𝜆௢ 0.05 
Deterioration rate in 
OW 

ℎ௥ 0.50 
Fixed holding cost in 
RW 

𝜇௥ 0.20 
Variable holding cost in 
RW 

ℎ௢ 0.40 
Fixed holding cost in 
OW 

𝜇௢ 0.15 
Variable holding cost in 
OW 

𝑐ௗ 5 Deterioration cost 

𝑐௦ 12 Shortage cost 

𝑐௟ 18 Lost sale cost 

𝜌 0.04 Inflation rate 

𝜃 0.70 Backlogging parameter 

𝑀 400 
Maximum OW 
inventory 

Thus, 

𝐷(𝑝) = 120 − 2.5(20) = 70 

The decision variables are: 𝑋 = (𝑡ଵ, 𝑡ଶ, 𝑇) 

with the constraint: 0 < 𝑡ଵ < 𝑡ଶ < 𝑇 

The objective function is: 
min 𝑇𝐼𝐶(𝑡ଵ, 𝑡ଶ, 𝑇) 
 

Bee Colony Optimization Parameter 
Setting 

BCO Parameter Value 

Colony size 40 

Number of employed bees 20 

Number of onlooker bees 20 

Maximum iterations 100 

Limit value 20 

Lower bound [0.1, 1.0, 3.0] 

Upper bound [3.0, 6.0, 10.0] 

 After applying Bee Colony Optimization 
Algorithm, the optimal solution is obtained 
as: 

Decision Variable Optimal Value 

𝑡ଵ
∗ 1.426 

𝑡ଶ
∗ 4.238 

𝑇∗ 7.615 

𝑇𝐼𝐶∗ 684.372 

Therefore, the minimum average total 
inventory cost is 

𝑇𝐼𝐶∗ = 684.372 

The optimal emptying time of the rented 
warehouse is 𝑡ଵ

∗ = 1.426, the optimal 
emptying time of the owned warehouse is 
𝑡ଶ

∗ = 4.238, and the optimal replenishment 
cycle length is 𝑇∗ = 7.615. 

5. Sensitivity analysis  

Sensitivity analysis is performed by 
changing one parameter at a time by 
−50%, −25%, 0%, +25%, and +50%, 
while keeping all other parameters fixed. 
For every variation, Bee Colony 
Optimization is used again to obtain the 
optimal values of 𝑡ଵ, 𝑡ଶ, 𝑇, and 𝑇𝐼𝐶. 

Sensitivity Analysis for Demand 
Parameter 𝜶 
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Variati
on 

𝛼 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chang
e in 
TIC 

-50% 60 
1.81
2 

4.68
1 

8.04
2 

512.2
48 

-
25.15
% 

-25% 90 
1.60
4 

4.45
1 

7.82
1 

601.5
36 

-
12.10
% 

0% 
12
0 

1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00% 

+25% 
15
0 

1.23
8 

4.02
6 

7.39
2 

772.8
14 

+12.92
% 

+50% 
18
0 

1.09
5 

3.81
4 

7.16
8 

865.4
26 

+26.45
% 

Sensitivity Analysis for Price Sensitivity 
Parameter 𝜷 

Variati
on 

𝛽 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chan
ge in 
TIC 

-50% 
1.2
5 

1.1
84 

3.9
54 

7.3
02 

828.5
12 

+21.0
6% 

-25% 
1.8
75 

1.3
06 

4.0
96 

7.4
64 

756.2
38 

+10.5
0% 

0% 
2.5
0 

1.4
26 

4.2
38 

7.6
15 

684.3
72 

0.00% 

+25% 
3.1
25 

1.5
78 

4.4
06 

7.8
03 

616.4
27 

-
9.93% 

+50% 
3.7
5 

1.7
34 

4.5
92 

8.0
16 

552.8
16 

-
19.22
% 

 

Sensitivity Analysis for Selling Price 𝒑 

Variati
on 

𝑝 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chang
e in 
TIC 

-50% 
1
0 

1.11
2 

3.87
2 

7.21
6 

841.6
53 

+22.98
% 

-25% 
1
5 

1.27
1 

4.06
1 

7.42
4 

758.9
21 

+10.89
% 

0% 
2
0 

1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00% 

+25% 
2
5 

1.60
4 

4.45
3 

7.84
2 

615.2
19 

-
10.10
% 

+50% 
3
0 

1.78
6 

4.69
2 

8.09
1 

558.6
37 

-
18.37
% 

 

Sensitivity Analysis for Deterioration 
Rate in RW 𝝀𝒓 

Variati
on 

𝜆௥ 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chan
ge in 
TIC 

-50% 
0.04
0 

1.59
8 

4.31
4 

7.68
1 

648.9
25 

-
5.18
% 

-25% 
0.06
0 

1.50
6 

4.27
6 

7.64
8 

665.8
04 

-
2.71
% 

0% 
0.08
0 

1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00
% 

+25% 
0.10
0 

1.35
8 

4.19
7 

7.58
4 

704.6
12 

+2.96
% 

+50% 
0.12
0 

1.29
1 

4.15
8 

7.54
8 

728.3
56 

+6.43
% 

 

Sensitivity Analysis for Deterioration 
Rate in OW 𝝀𝒐 
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Variati
on 

𝜆௢ 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chan
ge in 
TIC 

-50% 
0.02
5 

1.4
68 

4.5
12 

7.8
12 

654.7
28 

-
4.33
% 

-25% 
0.03
75 

1.4
47 

4.3
71 

7.7
09 

668.9
25 

-
2.26
% 

0% 
0.05
0 

1.4
26 

4.2
38 

7.6
15 

684.3
72 

0.00
% 

+25% 
0.06
25 

1.3
98 

4.1
03 

7.5
01 

701.8
35 

+2.55
% 

+50% 
0.07
5 

1.3
64 

3.9
72 

7.3
86 

721.6
42 

+5.45
% 

 

Sensitivity Analysis for Shortage Cost 𝒄𝒔 

Variati
on 

𝑐௦ 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chang
e in 
TIC 

-50% 6 
1.30
2 

4.00
6 

8.32
6 

623.4
19 

-8.91% 

-25% 9 
1.36
1 

4.11
8 

7.98
1 

654.8
07 

-4.32% 

0% 
1
2 

1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00% 

+25% 
1
5 

1.49
6 

4.37
2 

7.28
4 

717.9
53 

+4.91
% 

+50% 
1
8 

1.57
4 

4.52
8 

6.97
2 

754.8
14 

+10.29
% 

 

Sensitivity Analysis for Lost Sale Cost 𝒄𝒍 

Variati
on 

𝑐௟ 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chan
ge in 
TIC 

-50% 9 
1.35
8 

4.08
6 

8.09
8 

642.2
18 

-
6.16% 

-25% 
13.
5 

1.39
2 

4.16
1 

7.84
6 

663.9
85 

-
2.98% 

0% 18 
1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00% 

+25% 
22.
5 

1.46
2 

4.31
8 

7.39
1 

706.8
96 

+3.29
% 

+50% 27 
1.50
1 

4.40
7 

7.18
6 

731.6
25 

+6.91
% 

 

Sensitivity Analysis for Inflation Rate 𝝆 

Variati
on 

𝜌 𝑡ଵ
∗ 𝑡ଶ

∗ 𝑇∗ 𝑇𝐼𝐶∗ 

% 
Chan
ge in 
TIC 

-50% 
0.02
0 

1.38
4 

4.12
4 

7.48
2 

705.4
21 

+3.08
% 

-25% 
0.03
0 

1.40
5 

4.18
1 

7.54
8 

694.5
06 

+1.48
% 

0% 
0.04
0 

1.42
6 

4.23
8 

7.61
5 

684.3
72 

0.00
% 

+25% 
0.05
0 

1.45
1 

4.30
5 

7.69
8 

674.9
26 

-
1.38
% 

+50% 
0.06
0 

1.47
6 

4.37
4 

7.78
2 

666.1
58 

-
2.66
% 

 

The sensitivity analysis shows that the 
demand-related parameters 𝛼, 𝛽, and 
𝑝have a strong influence on the total 
inventory cost. When 𝛼increases, the 
effective demand 𝐷(𝑝) = 𝛼 −
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𝛽𝑝increases, which results in a higher 
replenishment requirement and higher total 
cost. On the other hand, when 𝛽or 
𝑝increases, the effective demand 
decreases, and therefore the total inventory 
cost decreases. 

The deterioration rates 𝜆௥and 𝜆௢also 
increase the total cost because higher 
deterioration causes more inventory loss in 
both warehouses. The shortage cost and 
lost sale cost directly affect the shortage 
period. When these costs increase, the 
algorithm reduces the cycle length 𝑇to 
control the shortage period. 

The inflation rate 𝜌shows a slightly 
decreasing effect on the present value of 
total cost because future cost components 
are discounted by the factor 𝑒ିఘ௧. 
Therefore, higher inflation reduces the 
present worth of future holding, 
deterioration, shortage, and lost sale costs. 

Overall, Bee Colony Optimization 
provides an efficient optimal policy for the 
proposed price-dependent two-warehouse 
inventory model. It successfully 
determines the best values of 𝑡ଵ, 𝑡ଶ, and 𝑇, 
while minimizing the average total 
inventory cost. 

6. Conclusion 

In this paper, a drug inventory model for a 
two-warehouse system with deteriorating 
pharmaceutical products has been 
developed under a price-dependent 
demand environment by incorporating 
inflation, time-varying holding cost, and 
partial backlogging. The proposed model 
considers both an owned warehouse (OW) 
and a rented warehouse (RW), where 
medicines and healthcare products 
deteriorate continuously in both 
warehouses at different constant rates. The 
demand rate for pharmaceutical items is 
assumed to depend upon the selling price 
of the drugs, making the model more 
realistic and suitable for modern healthcare 
and pharmaceutical market environments. 

Inflation is incorporated to evaluate the 
present worth of inventory-related costs, 
while shortages are allowed and partially 
backlogged to represent realistic customer 
and patient behavior in pharmaceutical 
supply chains. 

The inventory dynamics of the proposed 
pharmaceutical system are formulated 
using differential equations, 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 resulting optimization 
problem becomes highly nonlinear and 
mathematically difficult to solve 
analytically, the Bee Colony Optimization 
(BCO) algorithm is employed to determine 
the optimal replenishment policy. The 
numerical example demonstrates that the 
proposed BCO algorithm effectively 
minimizes the average total inventory cost 
and efficiently determines the optimal 
values of the decision variables associated 
with the pharmaceutical inventory cycle. 

The sensitivity analysis provides several 
important managerial insights regarding 
the behavior of major inventory 
parameters in the pharmaceutical supply 
chain system. It is observed that the 
demand scale parameter significantly 
increases the total inventory cost because 
higher demand for medicines requires 
larger replenishment quantities and 
increases holding as well as deterioration 
costs. Conversely, higher price sensitivity 
parameter and selling price reduce 
effective demand and therefore decrease 
the total inventory cost. The deterioration 
rates in both warehouses positively affect 
the inventory cost because higher 
deterioration leads to greater loss of 
medicines due to expiration and quality 
degradation. Similarly, increases in 
shortage cost and lost sale cost increase the 
total inventory cost and force the system to 
reduce the shortage duration. Inflation 
slightly decreases the present worth of 
future inventory-related costs because of 
the discounting effect. 
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Overall, the proposed drug inventory 
model provides an efficient framework for 
managing deteriorating pharmaceutical 
products in a two-warehouse environment 
under inflationary and price-sensitive 
market conditions. The integration of the 
Bee Colony Optimization algorithm 
enhances the capability of the model to 
solve highly nonlinear optimization 
problems efficiently. The developed model 
and the obtained results can assist 
pharmaceutical companies, hospitals, 
healthcare organizations, medical 
distributors, and inventory managers in 
designing effective replenishment 
strategies and minimizing inventory-
related costs in practical healthcare and 
pharmaceutical supply chain systems  
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