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This paper addresses the optimization of multi-item inventory systems under unpredictability, utilizing a probabilistic 
approach to account for fluctuating demand and supply. The primary goal is to create a robust Model of Inventory that 
optimizes order quantities and reorder points across multiple items, while minimizing total costs such as holding, 
shortage, and setup costs. The model incorporates stochastic variables, including demand distributions and lead times, 
to reflect real-world uncertainties. By applying probabilistic optimization techniques and leveraging dynamic 
programming, the study evaluates different inventory policies and assesses their effectiveness under various 
uncertainty scenarios. The results demonstrate the model's capacity to improve inventory performance, reduce costs, 
and balance trade-offs between service levels and stockouts. Additionally, sensitivity analyses are conducted to 
understand the influence of key parameters such as demand variability, storage constraints, and risk preferences on 
optimal solutions, providing valuable insights for decision-makers in supply chain management.
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Item λi Cpi Cci Tli Q*I S*I E(TC)

1 10 100 5 2 63.25 20 307.56

1 11 100 5 2 66.33 22 319.46

1 12 100 5 2 69.28 24 330.74

1 13 100 5 2 72.11 26 341.46

1 14 100 5 2 74.83 28 351.68

2 10 120 6 3 63.25 30 309.72

2 11 120 6 3 66.33 33 322.33

2 12 120 6 3 69.28 36 334.18

2 13 120 6 3 72.11 39 345.33

2 14 120 6 3 74.83 42 355.84

3 10 140 7 1 63.25 10 312.10

3 11 140 7 1 66.33 11 324.61

3 12 140 7 1 69.28 12 336.40

3 13 140 7 1 72.11 13 347.53

3 14 140 7 1 74.83 14 358.05
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Figure2  The Optimal Value of Qi* against λ_i

Item p Tl Cpi Cci Cshi Cbi Cli Wbi Wli

1 0.1 4 50 2 10 8 12 500 400

1 0.2 4 50 2 10 8 12 500 400

1 0.3 4 50 2 10 8 12 500 400

1 0.4 4 50 2 10 8 12 500 400

1 0.5 4 50 2 10 8 12 500 400

2 0.1 5 60 3 12 10 15 600 300

2 0.2 5 60 3 12 10 15 600 300

2 0.3 5 60 3 12 10 15 600 300

2 0.4 5 60 3 12 10 15 600 300

2 0.5 5 60 3 12 10 15 600 300

3 0.1 6 55 2.5 11 9 14 550 350

3 0.2 6 55 2.5 11 9 14 550 350

3 0.3 6 55 2.5 11 9 14 550 350

3 0.4 6 55 2.5 11 9 14 550 350

3 0.5 6 55 2.5 11 9 14 550 350

Item p Optimal Qi* Optimal Si* E (TC)

1 0.1 20.25 36.25 2050.00

1 0.2 18.75 34.75 1950.00

1 0.3 17.50 33.50 1850.00

1 0.4 16.50 32.50 1750.00

1 0.5 15.00 31.00 1650.00

2 0.1 21.00 37.00 2250.00

2 0.2 19.50 35.50 2150.00

2 0.3 18.00 34.00 2050.00

2 0.4 17.00 33.00 1950.00

2 0.5 16.00 32.00 1850.00

3 0.1 22.00 38.00 2400.00

3 0.2 20.00 36.00 2300.00

3 0.3 19.00 35.00 2200.00

3 0.4 18.50 34.50 2100.00

3 0.5 17.00 33.00 2000.00
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Figure 3  The Optimal Value of Si* against λ_i

Figure 4  Expected total Cost for Exponential Demand

Figure5   Expected total Cost for Geometric Demand

Figure6   The Optimal Value of Si* against p

Figure7   Expected total Cost for Geometric Demand

Sensitivity Analysis For Geometric Distribution 
As p increases, the optimal order quantity (Qi) decreases, 
reflecting reduced demand variability. The total cost 
decreases accordingly. 

As Tl increases, the optimal order quantity increases to buffer 
against longer lead times, which increases the total cost. 

Item 1 and Item 3 show similar patterns where increasing p 
lowers Qi  and total cost, while increasing Tl raises Qi and total 
cost. 
 
CONCLUSION
This sensitivity analysis shows how changes in key 
parameters impact the optimal inventory decisions: 

Higher order costs  Cpi increase the order quantities Qi*. 
Higher holding costs Cci  reduce order quantities Qi*. 
Higher demand rates λ i increase the reorder points Si* and 
safety stock. 
Longer lead times Tli increase the reorder points Si* to 
account for higher risk during lead times. 

These results provide valuable insights for inventory 
management under varying cost and demand conditions. The 
table 2 and 3 the model provides a framework for optimizing 
inventory when demand follows a geometric distribution and 
lead time demand follows a negative binomial distribution. 
The Lagrange multiplier method yields optimal order 
quantities and reorder points, which vary with changes in 
demand and lead time parameters. The Lagrange multiplier 
method provides a systematic way to minimize the total 
expected cost for multi-item inventory systems under storage 
constraints. The model is sensitive to changes in order cost, 
holding cost, and demand rate. Optimal order quantities 
increase with higher order costs and decrease with higher 
holding costs and demand rates. For companies managing 
multiple items, this model offers a robust framework for 
determining optimal order quantities and reorder points, 
ensuring cost-effective inventory management. The 
sensitivity analysis reveals the impact of demand distribution 
parameters, holding costs, shortage penalties, and service 
levels on the optimal reorder point and total cost. Varying 
these parameters can significantly affect the decision-
making process for inventory management.  
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