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1998

1. Improving heuristics for the frequency assignment problem

Smith, D.H.,Division of Mathematics and Computing, School of Accounting and Mathematics, University of Glamorgan, Pontypridd CF37 1DL, UK,Hurley, S. and Thiel, S.U.

EJOR, vol: 107, May 1998, 1, page(s): 76-86

Lower bounds for the frequency assignment problem can be found from maximal cliques and subgraphs related to cliques. In this paper we show that for many types of problem optimal assignments can be found by a process of assigning these subgraphs first, fixing the assignment and then extending the assignment to the full problem. We demonstrate the advantages of the method for some typical examples. In particular we give the first optimal assignments of several variants of the ‘Philadelphia' problems. These problems have been used by several authors to assess assignment methods and lower bounds.

2. On the convergence of a randomized algorithm for a frequency assignment problem


CEJORE, vol: 6, 1998, 1/2, page(s): 135-151

The problems of assigning frequencies to transmitters can be naturally modeled by generalizations of graph coloring problems. We consider the problem of minimizing the number of constraints violated when the set of available frequencies is fixed. We prove that the Markov chain corresponding to a randomized algorithm for this problem based of the 3-coloring algorithm of Petford and Welsh is ergodic

3. A new matrix bandwidth reduction algorithm

Esposito, A.,University Perugia, Via G Duranti 1-A-1, I-06131 Perugia, Italy,Catalano, M.F., Malucelli, F. and Tarricone, L.

ORL, vol: 23, Oct/Dec 1998, 3/5, page(s): 99-107
The problem that we address is, given a matrix, permute rows and columns so that the bandwidth is minimized. Several constructive heuristic algorithms have been proposed in the literature to reduce the bandwidth of symmetrically structured matrices. However, these methods are often ineffective when applied to some pathological cases. In the present paper we propose a new heuristic obtained as an improvement of the classical Cuthill McKee algorithm. From the computational results it appears that the new algorithm overcomes the pathological cases where the literature algorithm becomes stuck. The algorithm is applied to data from real applications. A comparison on real cases is also made with previous constructive approaches demonstrating the superior performance of the here proposed method

1992

4. Optimal multiple interval assignments in frequency assignment and traffic phasing

Raychaudhuri, Arundhati,Department of Mathematics, College of Staten Island, City University of New York, 715 Ocean Terrace, Staten Island, NY 10301, U.S.A.

Discrete Applied Mathematics, vol: 40, Dec 1992, 3, page(s): 319-332

The paper considers the optimal assignments of unions of intervals to the vertices of the compatibility graph G, which arises in connection with frequency assignment and traffic phasing problems. It is shown that the optimal multiple interval phasing numbers [image: image1.png]


and

Application of the graph coloring algorithm to the frequency assignment problem

Park, Taehoon,Korea Advanced Institute of Science and Technology, Taejon 305-701, Korea,Lee, Chae Y.

the frequency assignment problem is introduced and solved with efficient heuristics. The problem is to assign channels to transmitters using the smallest span of freuqency band while satisfying the requested communication quality. A solution procedure which is based on Kernighan-Lin’s two way uniform partitioning procedure is developed for the k-coloring problem. The k-coloring algorithm is modified to solve the frequency assignment problem. The performance of the proposed algorithm is tested with randomly generated graphs with different number of nodes, density types and graph types. The computational result shows that the proposed algorithm gives far better solution than a well-known heuristic procedure.

Keyword: coloring

1999

1. On a multconstrained model for chromatic scheduling
 Werra, D. de,Département de Mathematiques, École Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland Discrete Applied Mathematics, vol: 94, May 1999, 1/3, page(s): 171-180

A graph coloring model is described for handling some types of chromatic scheduling problems. Applications in school timetabling for instance as 
well as in robotics suggest we should include additional requirements like 
sets of feasible colors for each node of the associated graph and upper 
bounds on the cardinalities of the color classes. Necessary conditions for 
the existence of solutions are given and cases where these conditions are 
sufficient will be characterized.

1998

2. On the convergence of a randomized algorithm for a frequency assignment problem
[image: image2.png]


erovnik, Janez,FME, University of Maribor, Maribor, Slovenia CEJORE, 
vol: 6, 1998, 1/2, page(s): 135-151

The problems of assigning frequencies to transmitters can be naturally 
modeled by generalizations of graph coloring problems. We consider the 
problem of minimizing the 
number of constraints violated when the set of 
available frequencies is fixed. We prove that the Markov chain 
corresponding to a randomized algorithm for this problem based of the 3-
coloring algorithm of Petford and Welsh is ergodic.

1997

3. Mixed graph colorings

Hansen, P.,Ecole des Hautes Etudes Commerciales, GERAD, Montréal 
(Québec), Canada,Kuplinsky, J. and De Werra, D.  ZOR, vol: 45, 
Jan 1997, 1, page(s): 145-160

A mixed graph GÅ[image: image3.png]


 contains both undirected edges and directed arcs. A 
k-coloring of GÅ[image: image4.png]


 is an assignment to its vertices of integers not 

exceeding k (also called colors) so that the endvertices of an edge have 
different colors and the tail of any arc has a smaller color than its head. 
The chromatic number [image: image5.png]
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(G) of a mixed graph is the smallest k such 
that GÅ[image: image7.png]


 admits a k-coloring. To the best of the present knowledge it is 
studied here for the first time. The authors present bounds of [image: image8.png]
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(G), 
µdiscuss algorithms to find this quantity for trees and general graphs, and 
report computational experience

4. An algorithm for finding a maximum clique in a graph
Wood, David R.,School of Computer Science and Software Engineering, 
Monash University, Wellington Road, Clayton, Vic. 3168, Australia ORL, 
vol: 21, Dec 1997, 5, page(s): 211-217

This paper introduces a branch-and-bound algorithm for the maximum 
clique problem which applies existing clique finding and vertex coloring 
heuristics to determine lower and upper bounds for the size of a maximum 
clique. Computational results on a variety of graphs indicate the proposed 
procedure in most instances outperforms leading algorithms.

1995

5. Note on scheduling intervals on-line
Faigle, Ulrich,Department of Applied Mathematics, University of Twente, P.O. Box 217, NL-7500 AE Enschede,ÙThe Netherlands,Nawijn, Willem M. Discrete Applied Mathematics, vol: 58, Mar 1995, 1, page(s): 13-17

An optimal on-line algorithm is presented for the following optimization problem, which constitutes the special case of the k-track assignment problem with identical time windows. Intervals arrive at times ti and demand service time equal to their length. An interval is considered lost if it is not assigned to one of k identical service stations immediately or if its service is interrupted. Minimizing the losses amounts to coloring a maximal set of intervals in the associated interval graph properly with at most k colors. Optimality of the on-line algoirthm is proved by showing that it perfroms as well as the optimal greedy k-coloring algorithm due to Faigle and Nawijn and, independently, to Carlisle and Lloyd for the same problem under full a priori information.

6. Expected complexity of graph partitioning problems
Ku[image: image10.png]


era, Ludìk,Department of Applied Mathematics, Charles University, 
Malostrnske namesti 25, 118 00 Praha 1, Czech Republic n Discrete 
Applied Mathematics, vol: 57, Feb 1995, 2/3, page(s): 193-212

The paper studies the expected time complexity of two graph partitioning problems: the graph coloring and the cut into equal parts. If [image: image11.png]k= Ol\faflog n)



, it can test whether two vertices of a k-colorable graph can 
be k-colored by the same color in time [image: image12.png]Olklog n)



per of vertices with 
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-time preprocessing in such a way that for almost all k-
colorable graphs the answer is correct for all pairs of vertices. From this the paper obtains a sublinear (with respect to the number of edges) expected time algorithm for k-coloring of k-colorable graphs (assuming the 
uniform input distribution). Similarly, if [image: image14.png]c<(lf8-e e >0



is a constant, and 
G is a graph having a cut of the vertex set into two equal parts with at 
most c cross-edges, it can test whether two vertices belong to the same 
class of 
some c-cut in time [image: image15.png]Oflog n)



per vertex with [image: image16.png]Ollog® n)



-time 
preprocessing in such a way that for almost all graphs having a c-cut the 
answer is correct for all pairs of vertices. The methods presented in the 
paper can also be used for other graph partitioning problems, e.g. the 
largest clique or independent subset

1994

7. On the k-coloring problem

Park, Taehoon,The Korean Operations Research and Management Science Society, Mealijae Building, 984-1, Bangbae3-Dong, Suecho-Ku, Seoul 137-063, Korea,Lee, Chae Y. JKORS, vol: 19, Dec 1994, 3, page(s): 219-232

A fixed k-coloring problem is introduced and dealt with by efficient heuristic algorithms. It is shown that the problem can be transformed into the graph partitioning problem. Initial coloring and improving methods are proposed for problems with and without the size restriction. Algorithms Move, LEE and OEE are developed by modifying the Kernighan-Lin’s two way uniform partitioning procedure. The use of global information in the selection of the node and the color set made the proposed algorithms superior to the existing method. The computational result also shows that the superiority does not sacrifice the time demand of the proposed algorithms. [In Korean.]

8. On the k-coloring of intervals
Lloyd, Errol L.,Computer and Information Sciences, University of Delaware, 103 Smith Hall, Newark, DE 19716-2586, U.S.A.,Carlisle, Martin

The problem of coloring a set of n intervals (from the real line) with a set of 
k colors is studied. In such a coloring, two intersecting intervals must r
eceive distinct colors. The present main result is an O(k+n) algorithm for k-
coloring a maximum cradinality subset of the intervals, assuming that the 
endpoints of the intervals are presorted. Previous methods are linear only 
in n, and assume that k is a fixed constant. In addition to the main result, 
the authors provide an O(kS(n)) algorithm for k-coloring a set of weighted 
intervals of maximum total weight. Here, S(n) is the running time of any 
algorithm for finding shortest paths in graphs with O(n) edges. The best previous algorithm for this problem required time O(nS(n)). Since in most 
applications, k is substantially smaller than n, the saving is significant.

Keyword: coloring

1993

1. Coloring drawings of bipartite graphs: A problem in automated assembly
Sinden, F.W.,AT&T Bell Laboratories, 600 Mountain Ave., Murray Hill, NJ 

07974-2070, U.S.A. Discrete Applied Mathematics, vol: 41, Jan 1993, 1, 
page(s): 55-68


Several workpiece carriers or vehicles are tethered to fixed bases. The 
vehicles are to visit a cycle of stations according to a given schedule. The 
vehicles can do this without tether collisions only if the bases and stations 
are feasibly located in the plane. Finding feasible configurations of bases 
and stations reduces, under idealizing assumptions, to a previously 
unexamined problem in graph coloring: find rectilinear planar drawings of 
the 
complete bipartite graph KmÅ,n with m•n whose edges can be 
colored with n colors so that no two edges of the same color intersect. 
Useful but fragmentary results are reported: An exhaustive classification is 
found for feasible configurations of three or fewer bases and three or 
fewer stations; necessary and sufficient conditions for feasibility are found 
in the case of two vehicles and any number of stations; three classes of 
feasible configurations with unlimited numbers of bases and stations are 
identified, but whether these exhaust the possibilities is an open question. 
An answer to this question would be helpful to the designers of assembly 
systems using tethered workpiece carriers.

2. Analysis and classification of heuristic algorithms for the node coloring problem
Choi, Taek-jin,Dept. of Management, Korea Institute of Science and 
Technology, Korea,Myung, Young-soo and Tcha, Dong-wanJKORS, vol: 
18, Dec 1993, 3, page(s): 35-49

The node coloring problem is a problem to color the nodes of a graph 
using the minimum number of colors possible so that any two adjacent 
nodes are colored differently. This problem, along with the edge coloring 

problem, has a variety of practical applications particularly in item loading, 
resource allocation, exam timetabling, and channel assignment. The node 
coloring problem is an NP-hard problem, and thus many researchers 
develop a number of heuristic algorithms. In this paper, the authors survey 
and classify those heuristics with the emphasis on how an algorithm 
orders the nodes and colors the nodes using a determined ordering. [In 
Korean.]

1995

3. Embedding a sequential procedure within an evolutionary algorithm for coloring problems in graphs
Costa, Daniel,Department of Mathematics, École Polytechnique Fédérale 
de Lausanne, CH-1015 Lausanne, Switzerland,Hertz, Alain and 
Dubuis, OlivierJournal of Heuristics, vol: 1, Jan/Mar 1995, 1, page(s): 
105-128

We present in this article an evolutionary procedure for solving general 
optimization problems. The procedure combines efficiently the mechanism 
of a simple descent method and of genetic algorithms. In order to explore 
the solution space properly, periods of optimization are interspersed with 
phases of interaction and diversification. An adaptation of this search 
principle to coloring problems in graphs is discussed. More precisely, 
given a graph G, we are interested in finding the largest induced subgraph 
of G that can be colored with a fixed number q of colors. When q is larger or equal to the chromatic number of G then the problem amounts to 
finding an ordinary coloring of the vertices of G.

1996

4. An adaptive, multiple restarts neural network algorithm for graph coloring

Jagota, Arun,Mathematical Sciences, The University of Memphis, 
Memphis, TN 38152, USA EJOR, vol: 93, Sep 1996, 2, page(s): 257-
270

The graph coloring problem is amongst the most difficult ones in 
combinatorial optimization, with a diverse set of significant 
applications in science and industry. Previous neural network attempts 
at coloring graphs have not worked well. In particular, 
they do not scale up 
to large graphs. Furthermore, experimental evaluations on real-
world graphs have been lacking, and so have comparisons with state of the art 
conventional algorithms. In this paper we address all of these issues. We 
develop an 
improved neural network algorithm for graph coloring that 
scales well with graph size. 
The algorithm employs multiple restarts, 
and adaptively reduces the network’s size from 
restart to restart as 
it learns better ways to color a given graph. Hence it gets faster and 

leaner as it evolves. We evaluate this algorithm on a structurally diverse 
set of graphs that arise in different applications. We compare its 
performance with that of a state of the 
art conventional algorithm on 
identical graphs. The conventional algorithm works better overall, though ours is not far behind. Ours works better on some graphs. The inherent 
parallel and distributed nature of our algorithm, especially 
within a neural network 
architecture, is a potential advantage for 
implementation and speed up.

5. Extensions of coloring models for scheduling purposes   

Werra, D. de,Departement de Mathématiques, École Polytechnique 
Fédérale de Lausanne, MA-Ecublems, CH-1015 Lausanne, Switzerland 
EJOR, vol: 92, Aug 1996, 3, page(s): 474-492

Some extensions and variations of basic chromatic scheduling models have been motivated by applications in automated production systems and in course timetabling. Although the contexts are very different, it turns out that basic models are very similar. These will be presented and we will show how to handle various types of requirements which are common to production scheduling and to timetabling.

6. A column generation approach for graph coloring
Mehrotra, Anuj, Department of Management Science, School of Business 
Administration, University of Miami, Coral Gables, FL 33124-8237, 
USA,Trick, Michael A. JOC, vol: 8, Fall 1996, 4, page(s): 344-354

We present a method for solving the independent set formulation of the 
graph coloring problem (where there is one variable for each independent 
set in the graph). We use a column generation method for implicit 
optimization of the linear program at each node of the branch-and-bound 
tree. This approach, while requiring the solution of a difficult subproblem as well as needing sophisticated branching rules, solves small to moderate size problems quickly. We have also implemented an exact graph coloring algorithm based on DSATUR for comparison. Implementation details and computational experience are presented

7. Application of the graph coloring algorithm to the frequency assignment problem
Park, Taehoon,Korea Advanced Institute of Science and Technology, 
Taejon 305-701, Korea,Lee, Chae YJORSJ, vol: 39, Jun 1996, 2, page(s): 
258-265

the frequency assignment problem is introduced and solved with efficient 
heuristics. The problem is to assign channels to transmitters using the smallest span of freuqency band while satisfying the requested communication quality. A solution procedure which is based on Kernighan-Lin’s two way uniform partitioning procedure is developed for the k-coloring problem. The k-coloring algorithm is modified to solve the 
frequency assignment problem. The performance of the proposed 
algorithm is tested with randomly generated graphs with different number of nodes, density types and graph types. The computational result shows that the proposed algorithm gives far better solution than a well-known heuristic procedure.

8. Genetic and hybrid algorithms for graph coloring
Fleurent, Charles,Département d’Informatique et de Recherche 
Opérationnelle, Université de Montréal, 2900 Édouard-Montpetit, C.P. 
6128 Succ. A, Montréal, Québec, Canada H3C 3J7Annals of OR, vol: 63, 
May 1996, 1, page(s): 437-461

9. Some genetic algorithms are considered for the graph coloring problem. 
As is the case for other combinatorial optimization problems, pure genetic 
algorithms are outperformed by neighborhood search heuristic procedures 
such as tabu search. Nevertheless, the authors examine the performance 
of several hydrid schemes that can obtain solutions of excellent quality. 
For some graphs, they illustrate that genetic operators can fulfill long-term strategic functions for a tabu search implementation that is chiefly founded 
on short-term memory strategies.

10. Weighted and unweighted maximum clique algorithms with upper bounds from fractional coloring
Balas, E.,Carnegie Mellon University, Graduate School of Industrial Administration,Pittsburgh, PA 15213, USA,Xue, JAlgorithmica, vol: 15, May 1996, 5,page(s): 397-412

The linear programming relaxation of the minimum vertex coloring 
problem, called the fractional coloring problem, is NP-hard. We describe 
efficient approximation procedures for both the weighted and unweighted 
versions of the problem. These fractional coloring procedures are then 
used for generating upper bounds for the (weighted or unweighted) 
maximum 
clique problem in the framework of a branch-and-bound 
procedure. Extensive computational testing shows that replacing the 
standard upper bounding procedures based on various integer coloring 
heuristics with the somewhat more expensive fractional coloring 
procedure results in improvements of the bound by up to one-fourth in the 
unweighted and up to one-fifth in the weighted case, accompanied by a 
decrease in the size of the search tree by a factor of almost two

1998

11. Solving the minimum weighted integer coloring problem
Xue, Jue,Department of Management Sciences, City University of Hong 
Kong, Hong Kong Computational Optimization and Applications, vol: 11, 
Oct 1998, 1, page(s): 53-64

In this paper, we present, as far as we are aware of, the first combinatorial 
algorithm specifically designed for the minimum weighted integer 
coloring problem (MWIP), We test 
the algorithm on randomly 
generated graphs with integer weights uniformly drawn from 

intervals [1, 1], [1, 2], [1, 5], [1, 10], [1, 15], and [1, 20]. 
We also use the proposed 
algorithm to test the quality of a simple, yet effective 

heuristic for the MWIP in the 
literature. We have observed from our 
test that: i) the 
algorithm is able to solve MWIP on 
graphs of up 
to 20 vertices when the average 
vertex weights are not too large; ii) The 
relative gap between the simple heuristic solutions and the optimal 
solution seems to 
decrease as the average vertex weight 
increases. A rough comparison with the state-of-
the-art methods for the minimum 
unweighted coloring problem seems to suggest the 
advantage of 
solving MWIP directly.

12. Graph coloring with adaptive evolutionary algorithms
Eiben, A.E.,Leiden University, NL-2300 RA Leiden, Netherlands,Hauw, 
J.K. van der and Hemert, J.I. vanJournal of Heuristics, vol: 4, 
Mar 1998, 1, page(s): 25-46

This paper presents the results of an experimental investigation on solving 
graph coloring problems with Evolutionary Algorithms (EAs). After 
testing different algorithm variants we conclude that the best option is 
an asexual EA using order-based representation and an adaptation 
mechanism that periodically changes the fitness function during the evolution. This adaptive EA is general, using no domain specific 
knowledge, except, of course, from 
the decoder (fitness function). We 
compare this adaptive EA to a powerful traditional 
graph 
coloring 
technique DSatur and the Grouping Genetic Algorithm on a wide range 
of problem instances with different size, topology and edge density. The results show that 
the adaptive EA is superior to the Grouping (GA) and 
outperforms DSatur on the hardest 
problem instances. Furthermore, 
it scales up better with the problem size than the other 
algorithms 
and indicates a linear computational complexity.

