Available online at www.sciencedirect.com

Procedia Engineering 50 (2012) 629 – 639

International Conference on Advances Science and Contemporary Engineering 2012
(ICASCE 2012)

Generating Chromatic Number of a Graph using Ant Colony
Optimization and Comparing the Performance with Simulated
Annealing
Anindya J. Pala*, Biman Rayb, Nordin Zakariaa, Ken Naonoc ,Samar Sen Sarmad
a

High Performance Computing Centre, Universiti Teknologi Petronas,31750,Tronoh, Malaysia, anindyajp@yahoo.com
b
Dept of Comp. Sc. &Engg.Heritage Institute of Technology, Kolkata, 700107, India, bimu_r@yahoo.com
b
R&D Center, Hitachi Asia Ltd; knano@has.hitachi.com.my
d
Dept of Comp. Sc. &Engg, University of Calcutta, Kolkata, 700009, India, sssarma2001@yahoo.com

Abstract
The problems which are NP-complete in nature are always attracting the computer scientists to develop some
heuristic algorithms, generating optimal solution in time-space efficient manner compared to the existing ones.
Generating the chromatic number of a graph in reasonable time belongs to the same category, where the algorithm
designers are trying to propose some new algorithms for better result. The interesting feature of this problem is that
many real world problems like register allocation, matrix partitioning problem, optical network design etc. can be
represented in form of a graph. Once we efficiently generate the chromatic number of the graph, the optimal results of
the original problem can be achieved automatically. Here, we have applied Ant Colony Optimization (ACO) for
optimal vertex coloring of a simple, symmetric and connected graph (GCP). The algorithm has been tested upon a
series of benchmarks including large scale test case, specially the graphs derived from the above mentioned
problems, and has shown better output than Simulated Annealing(SA) algorithm on the same problem. Our work is
still going on for designing better algorithms generating optimal solutions and applies it to solve other real life
problems which can be mapped on the same.

© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Bina Nusantara

©
2012 Elsevier B.V...Selection and peer-review under responsibility of Bin Nusantara University
University.
Keywrods: NP; ACO, SA; MSA; GCP

1. Introduction
A linear graph (or simply a graph) G = (V, E) consists of a set of objects V = {v1, v2, ...}called vertices
in G, and another set E = {e1, e2, .}, whose elements are called edges in G, such that each edge ek is
identified with an unordered pair (vi, vj) of vertices. Proper coloring of a simple, symmetric and connected
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graph is a classical problem of graph theory. A k-coloring of G is a partition of V into k subsets Ci, i = 1
.....k, such that no adjacent nodes belong to the same subset. The k colorability optimization problem is to
find a k-coloring of G with k as small as possible. This smallest k corresponds to the chromatic number
(G) of graph G. A k-vertex coloring of any graph is an assignment of k colors 1, 2, 3,
..k to the
vertices of G.

The reasons why the graph coloring problem is important are twofold. First, there are several
areas of practical interest, in which the ability to color an undirected graph with a small number
of colors as possible, has direct influence on how efficiently a certain target problem can be
solved. Timetable scheduling [1], examination scheduling [2], register allocation [3], printed
circuit testing [4], electronic bandwidth allocation [5], microcode optimization [6], channel
routing [7], the design and operation of flexible manufacturing systems [8], computation of
sparse Jacobian elements by finite differencing in mathematical programming [9], etc are some
examples of such areas. The other reason is that, the graph coloring problem has been shown to
be computationally hard at a variety of levels: not only its decision problem variant is NPcomplete [10], but also its approximate version is NP-hard [11].These two reasons are important
enough to justify the importance for new heuristics to solve graph coloring problem.
In this work, we have focused some real life problems and the benchmarks corresponding to them. One
such problem is register allocation. The register allocation was formalized by Chaitin et al. [12][13]as a
vertex coloring problem on an interference graph. In that graph, the node represents the live range of a
variable, an edge between nodes indicates the interference between the live ranges, and a color
corresponds to a physical register. The goal of that graph coloring register allocation is to optimize the
total cost by optimizing the number of registers.
The problem of Printed Circuit Board Testing [4], involves the problem of testing printed circuit boards
PCBs) for unintended short circuits (caused by stray lines of solder). This gives rise to a graph coloring
problem in which the vertices correspond to the nets on board and there is an edge between two vertices if
there is a potential for a short circuit between the corresponding nets. Chromatic coloring of the graph
corresponds to partitioning the nets into optimal number of supernets", where the nets in each supernet
can be simultaneously tested for shorts against all other nets, thereby speeding up the testing process.
Another real life problem is Radio frequency assignment for broadcast services in geographic regions
(including commercial radio stations, taxi dispatch, police and emergency services). The list of all
possible frequencies is fixed by government agencies, but adjacent geographic regions cannot use
overlapping frequencies. To reduce frequency assignment to graph coloring, each geographic region
needing K frequencies is represented with a K-clique, and all N x K possible bipartite edges are
introduced between two geographically adjacent regions needing N and K frequencies respectively.
Apart from the above real life problems we have considered in this work few other benchmarks generated
from some other set of problems, e.g., graphs obtained from a matrix partitioning problem in the
segmented columns approach to determine sparse Jacobian matrices, graphs obtained from real-life
optical network design problems, where each vertex corresponds to a light path in the network and edges
correspond to intersecting paths.
A variety of algorithms and approaches have been proposed to produce optimal or near optimal colorings
over the years by different researchers.

2. Earlier works for generating chromatic number of a Graph
Sequential coloring approaches are the simplest heuristic methods. First, the vertices are sorted,
and the top vertex is put in first color class. For the initial ordering, several different schemes
have been used. The Largest First(LF) approach of Welsh and Powell [14] sorts the vertices by

