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1. Background

4. Transformed Equivalent Convex Model[2]

ü Overbooking is an effective policy in hotel
booking, airline, retailer and so on. It can
increases the revenue.
ü It is solved by optimization.
ü It has lots of variations, e.g., static vs.
dynamic; deterministic vs. stochastic; multi
classes vs. single class. All these factors bring
the difficulty in solving the model

5. Structural Properties
2. Problem Statement

LEMMA 1. Function 𝑉" 𝒁 is submodular with respect to 𝑍% , … , 𝑍( .

Decision Variables ——Overbooking Limits

LEMMA 2. 𝑉" 𝒁 is jointly concave in 𝑍% , … , 𝑍( and 𝑐% , … , 𝑐* .

First period: reservation period

LEMMA 3. 𝑔 𝒖 = 𝔼𝒁 𝑉" 𝒁(𝒖)

üpositive dependent/independent random
reservations (discrete)
ürandom show ups and cancellations at the
end of this period

regard to 𝒖.

Second period: service period

üMultiple reservation and inventory classes
üAllocation: network revenue management

is twice continuously differentiable with

THEOREM. For each 𝑖 = 1, … 𝑛 , the nonnegative random variable
𝑍6 (𝑢6 ) 𝑢6 ≥ 0 has the semigroup property with respect to the parameter 𝑢6 ,
then the function,𝑔 𝒖 , is component-wise concave in each 𝑢6 , 𝑖 = 1, … 𝑛, and
submodular in (𝑢% , … , 𝑢( ).

6. Numerical Experiments
3. Nonconvex Optimization Model

The stochastic gradient algorithm is
coded in Python using Gurobi to
solve the LP problems, implemented
on Intel Core i5 CPU 2.4GHZ and
8GB memory. Adaptive Step Size was
not considered here, we used 𝑏u = 1/𝑘
for simplicity. Each iteration solves 𝑛 +
1 network problems (linear program
with 𝑂(𝑚𝑛 + 𝑛) decision variables and
𝑂(𝑚 + 𝑛 + 1) constraints.

Figure 1. Performance Comparison with Heuristic[1]
*Due to the noises, the overbooking limits are averaged every
20,000 iterations
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