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Minimizing a Monotone Concave Function with Laminar
Covering Constraints

Mariko Sakashita’  Kazuhisa Makino®  Satoru Fujishige

"Division of Mathematical Science for Social Systems, Graduate School of Engineering Science, Osaka
University, Toyonaka, Osaka, 560-8531, Japan.
fResearch Institute for Mathematical Sciences, Kyoto University, Kyoto, 606-8502, Japan.

Abstract Let V be a finite set with |V| = n. A family F C 2V is called laminar if for all two sets X,Y € F,
XNY # @ implies X CY or X D Y. Given a laminar family F, a demand function d : F — R4 and a monotone
concave cost function F' : RK — Ry, we consider the problem of finding a minimum-cost = € RK such that
x(X) > d(X) for all X € F. In this paper, we show that the problem can be solved in O(n?q) time, if F' can
be decomposed into monotone concave functions by the partition of V' based on F where ¢ is the time needed to
compute F(z) for any € RY. We also prove that if F is given as an oracle then it takes Q(n?q) time to solve
the problem. This implies that the algorithm proposed in this paper is optimal. We give an O(n log? n) algorithm
if F' is the sum of linear cost functions with fixed opening costs. Finally, we show that in general our problem
needs Q(Z% q) when F is given as an oracle, and it is NP-hard, if F' is given explicitly.
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