
polynomial bilevel

Let x ∈ Rnx , y ∈ Rny be the lower and upper level decision variables, respec-
tively. Given a data parametrisation m ∈ N, the number of terms; c ∈ Rm a
vector of coefficients; p ∈ Znx,m a matrix of exponents for x; and p ∈ Zm,ny a
matrix of exponents for y then we define the polynomial as:

Pc,p,q(x, y) :=

m∑
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We make no restriction on the degree or number of terms in these polyno-
mials. Given a sequence of polynomials P0

up,Pk
up,P0

lo,Pk
lo, the The Polynomial

Bilevel Program (PBP) is defined as:

minimise
x∈Rnx ,y∈Rny

P0
up(x, y) (PBP)

subject to Pk
up(x, y) ≥ 0 for k = 1, 2, . . . ,

Aupx+Bupy ≥ rup,

¯
x ≤ x ≤ x̄,

y ∈ argmin
y∈Rny


P0

lo(x, y)
s.t. Pk

lo(x, y) ≥ 0, for k = 1, 2, . . . ,
Alox+Bloy ≥ rlo,

¯
y ≤ y ≤ ȳ.

The (PBP) is represented neatly by a JSON file. Below, we demonstrate
how the lower-level objective function of Mitsos and Barton’s test example [1,
Example 3.10] is represented in JSON by the parameters (m, c, p, q) of its poly-
nomial.

f(x, y) = 16xy4 +2xy3 −8xy2 −1.5xy +0.5x.

"f": {
"m": 5,
"c": [ 16.0, 2.0, -8.0, -1.5, 0.5 ],
"p": [[ 1, 1, 1, 1, 1 ]],
"q": [[ 4, 3, 2, 1, 0 ]]

}

This allows for easy derivative calculations using the formal derivative. Fur-
thermore, the work of Nie et al. [2, 3] suggests a bespoke numerical method for
solving the polynomial bilevel program.
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