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Introduction

Merging realistic demand modeling via advanced discrete choice models (DCMs, see box to the right)
and optimization problems like continuous pricing has been a challenge for decades. This comes from
the fact that, in general, the resulting probability of a costumer choosing a product does not have a
closed-form expression. Paneque et. al [1] were the first to propose a general framework as a mixed
integer linear program (MILP), dealing with stochasticity by the use of Monte-Carlo simulation. The
consequence of this approach is having to deal with a large number of variables, making the MILP
notoriously hard to solve and thus only capable of solving small instances.

We demonstrate first an equivalent, but more computationally tractable reformulation of the problem
as a quadratically constrained linear program (QCLP) and propose an efficient Spatial Branch &
Benders Decomposition algorithm to solve large problem instances.

DISCRETE CHOICE MODELS (DCMs) are used to predict
choices made among any number of alternatives. Suppose
N individuals, each characterized by some explanatory vari-
ables xn; a DCM computes their probability of choosing any
alternative i as a function of xn and β and p by first defining
utilities Uin(β, p) and then setting:

Pn (i | xn;β, p) = Pn (Uin(β, p) ≥ Ujn(β, p) ∀j)
i.e. the probability of choosing a product is the probability
that its utility is the highest among all alternatives.
Here β is a vector of parameters, estimated using for exam-
ple maximum likelihood estimation, and p is the vector of
prices set by the supplier.

MONTE-CARLO SIMULATION generates R scenarios with
deterministic utilities Uinr to be then compared directly.
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Formulation – Continuous pricing as a QCLP

Methodology

Spatial Branch & Bound with the Benders
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We relax the non-convex constraints ηinr = piωinr with the McCormick envelope, replacing it
by two over- and two underestimators, and solve it using a Benders decomposition. We then
branch on the bounds of the prices until our approximation reaches the desired resolution. For
a fixed price, we can compute a feasible solution immediately, giving us fast upper bounds.

Results Case study

We apply our method on a real-world dataset [2] taken directly from the
literature, illustrating the fact that there is no need for any assumptions
about the choice model to apply the methodology.

Conclusion

We developed a new formulation and solution approach for continuous pric-
ing with DCM demand modeling. The gain in computational time mainly
comes from the fact that we only branch on the prices, making use of the
specific problem structure.
We show that already reformulating the MILP as a non-convex QCLP im-
proves computational speed significantly. Our Branch & Bound approach
substantially outperforms the state-of-the-art methods, solving large in-
stances to optimality before GUROBI (the fastest publically available math-
ematical solver) finds a first feasible solution.
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