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Abstract. In this paper a new algorithm to detect and classify the graph rings
set is presented. The solution is based in the cyclical conjunction operator
proposed in a previous work, the rings were classify taken in to account the
number of nodes that compose it. The application was validate apply a set test
graphs of varying complexity.

1 Introduction

They are many real computational problems that can be solved thought analysis
techniques to the graph that represent the information involved in its. The graph rings
analysis has been extensively used in the solution of diverse scientific and technical
problems, for example, to solve electric networks problems [1], in the algorithms
analysis [2], etc.

In chemistry, graphs are used to represent the molecular structure of compounds.
By analyzing such graphs, a huge amount of information can be obtained for use in
areas such as compound and fragment identification, the calculation of topological
descriptors, complexity and similarity, etc. The ring systems of the molecular graph
are key features in determining its shape and properties.

Rings play an especially significant role in pharmacological activity, can serve to
properly position and orient functional groups that interact with a receptor and can
also help to reduce the unfavorable loss of conformational entropy upon receptor
binding. The manipulation of ring structure has long been a fundamental strategy in
designing analogues to optimize the potency and selectivity of a lead molecule [3]. In
[4], the ring analysis was used to characterize the most common structural
frameworks in a database of known compounds as a guide for future compounds
discovery.

Many efforts have been invested to find efficient methods and algorithms for the
detection of rings in a graph [5-14], yet despite this effort, not many of the proposed
algorithms are suitable for use in all types of graphs and to permit classify the cycles
set; in most cases the computational cost is high, especially as graph complexity rises.

In this paper we propose an algorithm to detect and classify the all graph rings set,
taken in to account the number of nodes that compose each ring. Section 2 details the



algorithm to detect and classify the graph rings set. In section 3 the experimental
results were analyzed, and in section 4 the principal conclusion are summarized.

2. Detecting and classify the Rings set

The process of extracting and classify the graph rings set, is based in the successive
application of the cyclical conjunction operation proposed in [15] to the set of known
initial rings, the process being repeated until no new rings are obtained or until
reaching the theoretical maximum number of rings in the graph (2401 this
limit is seldom reached. The process (Figure 1) begins by obtaining an initial set of
rings (ICL), applying cyclical conjunction to all possible pairs in order to arrive at a
new list of rings (INCL).

assignlist(ICL, PCL)
< Initialize variables end = TRUE
|

v inserlist(ICL, TCL) |
( Initialize the list of new rings

/—ﬁ/ For i=0 to ICL.total _rings ‘
/—PC Walk all rings of the ICL

\L For j=0 to PCL.total_rings ‘
o Walk all rings of the PCL

Check if operation will be effective ‘

cycle=cyclicalconjunction
(ICL.ring(i, PCL.ring(j )))

C Perform cyclical conjunction
Check if it is a new ring ‘
No
insert(NCL, ring) ‘
insert rlng in new list

If no new ring are created
or end of total rings
insertlist (NCL, TCL);

Insert NCL into TCL and assignlist (NCL, PCL);
initialize variables NCL = NULL;

o

Fig. 1. Rings Detection Algorithm Diagram



The initial set of rings is extracted by an algorithm proposed in a previous work
[16]. Tt is based on the adjacency matrix representing the graph ordered by node
connectivity, and by means of a zigzag process a spanning tree is built, whose main
feature is its shallowness but great breadth. Then, by choosing unvisited edges, a set
of rings is obtained whose cardinality is equal to “edges-nodes+1”. This algorithm
avoids the use of path tracing and produces good results, with a computational cost of
N number of nodes, at worst.

As Figure 1 show, once initial rings have been obtained, we can calculate all rings
in the graph by applying cyclical conjunction to this set (/CL) and to the new sets of
rings generated by this function. The process will terminate when all the required
operations have been performed on the sets of known rings.

This algorithm works as follows:

1. The data structures used by the algorithm are initialized. Initial rings obtained are
stored in the Initial rings List (ICL). The set of initial rings (ICL) is copied straight
into the set of all the rings in the graph, represented by the Total rings List (TCL).

2. The set of initial rings is copied directly into the set of previous rings, represented
by the Previous rings List (PCL). This list stores the rings generated during the
prior step of the iteration.

3. Cyclical conjunction is performed on ring pairs from the ICL and PCL lists, for all
pairs which satisfy the properties of this operator [15]. We test to see if the
intersection of the rings might produce a new ring, and if this is not the case, the
operation is rejected. This step determines the nodes in common between the two
rings.

4. Rings are rearranged to be stored in the order established by the second stage of the
algorithm. The cyclical conjunction operation is carried out on the rings, enacting
the third stage of the algorithm.

5. A check is made to see if the new ring is present in the New Rings List (NCL), a
list that stores the rings generated during each iterative pass of the algorithm. A
check is made to see if the new ring is present in the total rings list (TCL). The ring
is stored in the new rings list (NCL).

6. When the iteration step has concluded, the VCL is inserted into the TCL, the PCL
is initialized to the NCL and the NCL is erased, ready for the next pass of the
iteration. The iterative process is halted when conjunction of the lists yields no
further new rings, or when the TCL has a cardinality equal to 2041

3. Results and Discussion

The proposed algorithm has been tested using a wide range of graphs. In Table 1 are
detail the graph characteristics (number of nodes N, number of Edges E), the total
number of Rings obtained, and the execution time. Figure 2 shows for the graph rings
distribution taken into account the number of nodes in each ring detected.

In every case the proposed algorithm detect and classify, take into account the
number of nodes in each ring, the total ring set in the problem graph. Computing time
per ring applying the conjunction operation is not constant; this effect is mainly due to
the computational cost of the second stage of the algorithm, where the determining



factor is the number of nodes forming the rings involved in the cyclical conjunction
algorithm.

Graph | N | E | Total Graph Rings Classification Time
Rings Number of Nodes (Sec.)
3 4 5 6 7 8 9
GR-1 8 | 10 3 1 - - - - - 258 x10°
GR-2 | 4 | 6 7 4 3 - - - - - 451 x10°
GR-3 | 6 8 4 3 - - - - - 451 x10°
GR-4 | 5 | 10 37 10 15 12 - - - - 5.1x107
GR-5 | 6 | 15 197 20 45 72 60 - - - 64.9 x107
GR-6 | 7 | 21| 1172 35 105 252 420 360 - - 1.01
GR-7 | 8 | 28 | 8018 56 210 672 | 1680 | 2880 2520 - 36.88
GR-8 | 9 |30 | 9975 57 216 702 | 1800 | 3240 3240 720 | 56.92
GR-9 | 9 | 36 | 62814 84 378 | 1512 | 5040 | 12960 | 22680 | 20160 | 2856.5

Table 1. Graph caracteritics, rings and execution time

The properties of the cyclical conjunction operator allow substantial reduction of
the number of cyclical conjunction operations required [15]. Although a few
unnecessary cyclical conjunction operations might be carried out (those which fail to
generate new rings), this algorithm offers good results.

While calculation time cannot be directly compared with that of other cited
algorithms, since this depends on computing resources employed, it may be seen that
graphs with fewer than 1000 rings take under one second to analyze (in the order of
milliseconds for graphs of medium complexity, and microseconds for simple graphs),
and only where graphs are highly complex, with say tens of thousands of rings, is
computing time high. Many factors intervene here, such as the number of operations
to be performed, the size of the data structures used to store the rings, and graph
topology.

Implementation of the cyclical conjunction operator properties afforded a reduction
of 60-90% of the number of operations required to extract all rings from a graph,
greatly speeding up the algorithm, although this raised computational cost.

Tests showed calculation time for the extraction of graph rings is dependent on
factors such as total number of rings and graph topology and complexity, in addition
to the nature of the initial ring detected at the preprocessing phase, factors that are
either unknown or excessively costly to determine a priori.

While computational cost is generally acceptable, it will clearly be high for
complex graphs, suggesting the need for parallel or distributed processing techniques
for a practical implementation of the proposed algorithm
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Figure 2. Graph Rings Distribution

4. Conclusions

This paper has presented an algorithm, to extract and classify all rings set. Rings are
detected using a set of initial rings and an iterative process to perform cyclical
conjunction operations on new rings detected in the foregoing iteration, to classify the
rings we used the number of nodes in each ring.

The algorithm has been tested on a 9 graphs, and all existing rings were detected
and classified. There was no instance of the generation of non-existent rings.

Implementation of the cyclical conjunction operator properties afforded a reduction
of a great number of operations required to extract all rings from a graph, greatly
speeding up the algorithm, although this raised computational cost.

Tests showed calculation time for the extraction of graph rings is dependent on
factors such as total number of rings and graph topology and complexity, in addition
to the nature of the initial rings detected at the preprocessing phase, factors that are
either unknown or excessively costly to determine a priori.
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