
How searching in the core set is possible?

Suppose 𝐺 ≤ 𝑆𝑛 is symmetry group of an LP. From 
representation theory, 𝑅𝑛can be decomposed into a 
direct sum of irreducible invariant subspaces. 

𝑹𝒏 = 𝑽𝟏⨁…⨁𝑽𝒎

Theorem 1: Let 𝐺 ≤ 𝐺𝐿𝑛(𝑍) be a finite group and let 𝑧 be a 
core point. Then there always exist a constant 𝐶(𝐺) depending 
on the group and a 𝐺-invariant subspace 𝑉 of 𝑅𝑛 diferent from 
𝐹𝑖𝑥(𝐺) such that

ȁ𝑧 𝑉 ≤ 𝐶(𝐺)

This theorem shows that, each core point have a small 
projection into at least one invariant subspace

Finite an infinite fundamental core set

Finite case:
It has been shown that for 2-homogeneous groups the 
fundamental core set is finite. A possible strategy to solve the 
optimization problem could consist of the following two 
steps:
1-We enumerate all layers whose affine hull intersects 𝑃 by 
ascending objective value. These affine hulls are hyperplanes, 
for which intersection with 𝑃 is much easier to determine 
than the intersection of 𝑃 with the discrete layer.
2. We check for each layer 𝐿 found in the first step whether 𝐿
itself intersects P.

Infinite case:
We can find 𝐶(𝐺) in theorem 2 and  make feasible region 
smaller by adding those new constraints.

Equivalent relation between core points(Fundamental core set)

Two points 𝑥, 𝑦 ∈ 𝑍𝑛shall be called isomorphic if there exists a 
𝑔 ∈ 𝐺 such that 𝑥 − 𝑔𝑦 ∈ 𝐹𝑖𝑥𝑍(𝐺)
Where

𝑭𝒊𝒙 𝑮 = {𝒙 ∈ 𝑹𝒏 ∶ 𝒈𝒙 = 𝒙 𝒇𝒐𝒓 𝒂𝒍𝒍 𝒈 ∈ 𝑮}

We dene a fundamental core set of G to be a set of equivalence 
class representatives of all core points.

Abstract
An integer linear program (ILP) is symmetric if it’s variables can 
be permuted without changing the structure of the problem. 
Basic properties of linear representations of finite groups can be 
used to reduce symmetric linear programming to solving linear 
programs of lower dimension.

Introduction

Definition 1: Let 𝑃 ⊂ 𝑅𝑛 be a polytope with integral  vertices. 𝑃
is lattice-free if and only if 𝑃⋂𝑅𝑛 = 𝑣𝑒𝑟𝑡 𝑃 where vert 𝑃 is the
set of vertices of 𝑃.

Definition 2: Let 𝐺 ≤ 𝐺𝐿𝑛 𝑍 be a finite group and let 𝐺𝑧 be the
orbit of some point 𝑧 ∈ 𝑍𝑛. We call the convex  hull of this orbit
(𝑐𝑜𝑛𝑣(𝐺𝑧)) an orbit polytope.

Definition 3: 𝑧 ∈ 𝑍𝑛 is called a core point if and only if  it’s orbit
polytope is lattice –free  i.e:

𝑐𝑜𝑛𝑣 𝐺𝑧 ⋂𝑍𝑛 = 𝐺𝑧
We call the set of all core points of G its core set. (𝑐𝑜𝑟𝑒(𝐺))

Theorem 1: Let 𝑚𝑖𝑛𝑥∈𝑃⋂𝑧𝑛𝑓 𝑥 be a convex integer
optimization problem under integrality restrictions with a
convex function 𝑓 and a convex set C ⊂ 𝑅𝑛. Let 𝐺 be a finite
subgroup of the linear symmetry group of this instance. Then

𝑚𝑖𝑛𝑥∈𝐶⋂𝑍𝑛𝑓 𝑥 = 𝑚𝑖𝑛𝑥∈𝐶⋂𝐶𝑜𝑟𝑒 𝐺 𝑓(𝑥)

In other words, it suffices to search for a solution in the 
core set of the symmetry group.
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