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Abstract

In this note we first formulate the problem of finding the best piecewise linear
convex approximation of the two-term log-sum-exp function. Then we present how to
use battlse.m to find the solution.

1 Problem formulation

The bivariate convex function lse2 : R2 → R, defined by

lse2(y) = log(ey1 + ey2), (1)

is called the two-term log-sum-exp function.
For given integer r ≥ 2, the problem of finding the best r-term piecewise linear (PWL)

convex lower approximation of the two-term log-sum-exp function can be formulated as the
following optimization problem:

minimize sup
x∈R2

(
lse2(x)− max

i=1,...,r
{aT

i x + bi}
)

subject to lse2(x) ≥ max
i=1,...,r

{aT
i x + bi}, ∀ x ∈ R2,

(2)

where the optimization variables are (ai, bi) ∈ R2 ×R, i = 1, . . . , r. Suppose {(a1, b1), . . . ,
(ar, br)} solves the above optimization. The best r-term PWL convex lower approximation,
f

r
: R2 → R, of the two-term log-sum-exp function lse2 is

f
r
(x) = max

{
aT

1 x + b1, . . . , a
T
r x + br

}
, (3)

where r is called the degree of approximation of the best r-term lower approximation (3).
The optimal value of (2), denote by ε(r), is defined as the approximation error of the best
r-term lower approximation (3).

We refer to [HKB06] for more details about the best PWL convex approximation of
log-sum-exp functions.
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2 Matlab function: battlse.m

Syntax: [A,b,apx err] = battlse(r)

2.1 Purpose

battlse.m is a MATLAB function for solving the best PWL convex ‘lower’ approximation
problem (2).

2.2 Best upper approximation

battlse.m is designed to find the best lower approximation (3). The best r-term PWL
convex upper approximation f r can be easily obtained by adding ε(r) to each bi in (3), i.e.,

f r(x) = max
{
aT

1 x + b1 + ε(r), . . . , aT
r x + br + ε(r)

}
. (4)

(See [HKB06] for the definition of best upper approximation and more details.)

2.3 Storage convention

The output data A ∈ Rr×2 and b ∈ Rr store the optimal solution of (2) according to the
following convention:

A =




aT
1
...

aT
r


 , b =




b1
...
br


 . (5)

2.4 Input argument

• r: Degree of approximation, as described in §1. r must be an integer greater than one.

2.5 Output arguments

• A: Matrix of size r by 2, as described in §2.3.

• b: Vector of length r, as described in §2.3.

• apx err: Approximation error ε(r), as described in §1.
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