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In this paper, we develop an efficient approach to solve a multiple-item budget-constraint newsboy problem with a reservation

policy. A conventional approach for solving such problem utilizes an approximation for the evaluation of an inverse of a Gaussian

cumulative density function when the argument of the function is small, and a heuristic method for finding an optimal Lagrangian

multiplier. In contrast to the conventional approach, this paper proposes more accurate method of evaluating the function by

using the normalization and an effective numerical integration method. We also propose an efficient way to find an optimal

Lagrangian multiplier by proving that the equation for the budget-constraint is in fact a monotonically increasing function in

the Lagrangian multiplier. Numerical examples are tested to show the performance of the proposed approach with emphases

on the behaviors of the inverse of a Gaussian cumulative density function and the Lagrangian multiplier. By using sensitivity

analysis of different budget constraints, we show that the reservation policy indeed provides greater expected profit than the

classical model of not having the reservation policy.
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<Table 1> Parameters of a Product

oy oy s c v o A

400 100 12000 10000 5000 10 0.2005

<Table 2> Results of the Experiment

. Discount Order quantity Order cost Expected Budget
rate reservation | Usual sale total profit constraint
Proposed method 0.000713 0.000034 3 81 84 840936 164844 850000
Chen and Chen 0.000713 0.000015 2 100 102 1019294 201574 850000
1> A Foi7 Wi R & ALEsto] 71 AR 43E <Table 3> Products Parameters
<Table 2>l YEFH AT F 7HA] WHE AbE-sto] -8
A= <Table 2>2 B3 vlas)] By, 7)E e g [produt] i S I I B
Sk 749-9] & F-E-H(total order quantity) | FgH W H T} L 8,000 3,000 o 3 2 10
7] wZell & B]-&(order cost)¥ 7]t ©]¢](expected 2 10000 | 2400 | 12 8 ! 12
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o2 3k dl= oAt Al °Hbudget constraint)S W35}A| 4 5,000 1,000 | 365 | 12 1 25
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<Table 4> Optimal Solution with the Reservation Policy and a Budget Constraint of 350,000. Numbers in the Parentheses
Correspond to Optimal Solution without Reservation

Product Discount - Quantity Order cost Expected profit
rate Reservation Usual Total
1 0.128089 1537 8858(10220) 10395 31185(30660) 41276(38975)
2 0.000482 329 8855(9133) 9184 73480(73066) 13087(12658)
3 0 0 12082(12160) 12082 181231(182410) 24620(25781)
4 0.132022 130 5211(5321) 5341 64101(63862) 103879(103320)
Total 0.260593 1996 35006(36834) 37002 349997(349998) 182864(180735)
T3 BE FE2 oo o] gle AUt e Ae Fel did 2eAd S Albedivh Ak &2
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friroll istel Awugkon], 1 Ass <Figure 5>ol vep 7] witel whE Aztel B &5 e ¢ gl A
WRATE <Figure 5> Fall & ] 318 oito] S5 ooF o AUtk
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