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This paper considers optimal solutions of general interval 
linear programming problems. The most general concepts of 
optimal solutions are introduced in a unified framework. The 
existing optimal solution concepts of interval linear program 
such as weak and strong optimal solutions are all the special 
cases in this framework. Necessary and sufficient conditions 
for checking a class of optimality are developed according 
to the KKT conditions. Also, the comparison among several 
conclusions using KKT conditions and tangent core technique 
in various forms of interval linear programming is proposed.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

The interval linear programming (IvLP) problems whose parameters can vary within 
some given intervals have been investigated by many authors, see e.g. [1–8], among 
others. One of the main difficulties while dealing with interval systems and interval 
linear programs is how to understand the concepts of solutions and optimal solutions. 
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For interval equations, Shary [9,10] first defined the concept of AE solutions which is
characterized by ∀∃-quantifications. Hladík [11] utilized the concept of AE solutions for 
interval inequalities. Recently, the concepts of quantified optimal solutions to IvLP were 
introduced in [12–15], and some necessary and sufficient conditions were proposed for 
checking such new optimality. These researches considered IvLP with different forms 
of constraint conditions separately, since the interval systems cannot be transformed 
conveniently to each other due to dependency. In addition, the techniques used in these 
references are based on the theory of tangent cones whose theoretical foundation is 
relatively complicated.

In this paper, we propose a unified optimal solution concept of interval linear program 
in the general form. The concepts of optimal solutions of IvLP discussed before are all 
special cases in this new framework. Furthermore, the techniques used in this paper for 
establishing the necessary and sufficient conditions for optimality are based on KKT 
conditions, which are relatively simple and familiar than those used in the previously 
published papers.

2. Unified optimal solution concept of interval linear program

Following notations from [5], an interval matrix is defined as

A = [A,A] = {A ∈ R
m×n|A ≤ A ≤ A},

where A,A ∈ R
m×n, and A ≤ A. Similarly, we define an interval vector as an one column 

interval matrix

b = [b, b] = {b ∈ R
m|b ≤ b ≤ b},

where b, b ∈ R
m, and b ≤ b. The set of all m-by-n interval matrices will be denoted by 

IR
m×n and the set of all m-dimensional interval vectors by IRm.
Denote by Ac and AΔ the center and radius matrices given by

Ac = 1
2(A + A), AΔ = 1

2(A−A)

respectively. Then A = [Ac −AΔ, Ac +AΔ]. Similarly, the center and radius vectors are 
defined as

bc = 1
2(b + b), bΔ = 1

2(b− b)

respectively. Then b = [bc − bΔ, bc + bΔ].
Let Ym be the set of all {−1, 1} m-dimensional vectors, i.e.

Ym = {y ∈ R
m| | y |= e},

where e = (1, · · · , 1)T is the m-dimensional vector of all 1’s. For a given y ∈ Ym, let
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