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An Algorithm for Generating the Set of Fundamental

Czcles in a Graph

DESCRIPTION

The set of PASCAL procedures described here represent an
extension of heuristic algorithms [1] for generating fundamental

cycles with minimum total length:

: i
L(T) =21,
S i=1 3
where li is the length of the ith fundamental cycle:and is the
nullity of the graph. The nullity of a connected graph G with n

vertices and e edges is given by ¥ = e -~y + 1,

The algorithm [2], called MBFSLOOK, is of hybrid nature. It
consists of a mulﬁiple breadth first search, where we always
explore from the vertex of highest degree with respect to "unex-
plored" edges, and a set of rules for selecting, in case two or
more vertices have the same highest degree, the vertex to explore

from,

MBFSLOOK uses an n x n adjacency matrix to represent the

graph, where n is tHe number of vertices and the matrix entry




(Vi’vj) equals one if and only if there is an edge between vertex
vy and vertex Vj' Once the structure has been defined, the algo-
rithm determines the vertex of highest degree. Unless there is a
tie, the algorithm generates a tree in a straight-forward breadth
first fashion [3] and decreases the degree of the vertices
visited by one. MBFSLOOK then considers a new vertex to explore
from, thus building a forest as it goes along. The individual
trees become eventually connected, extending the partial spanning
tree or forming a fundamental cycle. The algorithm terminates
when all vertices in G have been visited. So far we have assumed
that only one vertex of highest degree was found everytime we
determined the new vertex to explore from. MBFSLOOX calls the
procedure LOOK everytime we encounter the situation where two or
more edges are of the same highest degree, This procedure com-
putes the combined degree of all the vertices that would be
visited next if we were to start exploring from each vertex of
equal highest degree. The so obtained cﬁmmulative degrees are
then compared and ranked in an increased order. Ifrthe resultant
turned out to be a single vertex, it becomes the selected one.
If a tie remains after this step, the algorithm proéeeds to
anothér level, namely computing the combined degree of the ver-
tices adjacent to each of the vertices in the previous level.
Procedure LOOK terminates when either a tie is broken or all ver-

tices have been visited (in which case it arbitrarily selects the

new vertex to explore from).




One of the features of he MBFSLOOK algorithm is its perfor-
mance in relation to other algorithms for generating fundamental
éycles [2] [4]. In addition, the internal logic of the improved
algorithm is based exclusively on an attribute of G, namely the
degree of the vertices and not . on the arbitrary labels wused in
identifying vertices in the graph. BCG [5], for instance, has an
internal logic who;e outcome is contingent upon the iﬁitial
labeling of the vertices in thé graph. This means we could have
as many different sets of fundamental cycles as labeling combina-
tions are possible. This high deqree of arbitrariness is removed
by MBFSLOOK through an internal logic based solely on the degree
of the vertices. |

The MBFSLOOK package is comprised of the. following proce-
dureé:

MAIN PROGRAM: This procedure initlalizes the adjacency
matrix and the wvariocus counters used in the rack-
age. It determines the vertex with the highest
degree, and ascertains .how many there aré. The
edges so created form a ﬁew tree, becoming part of

the spanning tree or forming a fundamental cycle.

ADD_EDGE_TO_TREE: Is the procedure called too add an edge
to the spanning tree of the graph. The spanning

tree is represented by one way adjacency lists,




BUILD_E_TREE_ARRAY: Is the procedure that is called once a
fundamental cycle has been found and its path in

the spanning tree traced, from the vertex of the

back edge to the second vertex of the back edge.

DEFINE_VERTICES_TO_FOCUS_ON: This procedure defines those
vertices which should be examind when trying to

break a tie between high degree vertices.

LOOK~AHEAD: Is the procedure that, when there is more than
one high degree vertex, breaks the tie by determin-
ing the high degree vertex with the degrees of the

~adjacent vertices. If after the first pass no such
vertex exists, 1i.e., the tie has not been broken,
the LOOK-A-HEAD procedure ig called again, until
the tie is broken or no more vertices remain unvi-
sited.

,These five procedures must be used tégether, where the
interface program is made up by pkocedures ADD_EDGE_TO_TREE and
BUILD_E_TREE_ARRAY. All the procedures have been tested exten-
sively on the IBM 370/158 under VM/SP Cbnversational Monitor Sys-
tem and on the VAX 11-780 under VMS at Virginia. Polytechnic'

Institute and State University.
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APPENDIX

Complete listing of the MBFSLOOK Algorithm Implementatiom.
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