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Abstract: -This paper is focused on the description as to how to find all giant connected components in directed 
network by means of computer technology. For experimental testing, the growing complex networks with 
preferential linking were used within this research. Roulette-wheel selection method was used as a preferential 
selection algorithm in the task of generation of complex networks. 
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1 Introduction 
Directed networks can be found in both nature and 
in man-made systems, i.e., network of citations of 
scientific papers, communication network, network 
of collaboration, telephone call graph, neural 
network, network of metabolic reaction etc. 
It is important to understand to the topological 
structure of networks and its changes under external 
action [1]. Then, it is possible to understand, where 
the network is vulnerable to damage and when are 
resistant. 
For the overview of directed complex networks, the 
giant connected components [2] are used. General 
structure of directed network, where the giant 
connected component is present, is depicted in Fig. 
1. How to calculate the sizes of all giant connected 
components of a directed graph is descried in [3]. 
In this paper, it is proposed, how to find all giant 
connected component. 
This work is an extension and continuation of 
previous research [4] focused on Investigation on 
relations between complex networks and 
evolutionary algorithms dynamics. 
This paper is focused on the description, as to how 
to find all giant connected components in directed 
network by means of computer technology. 
Growing complex networks with preferential 
linking were used for testing [5]. Roulette-wheel 
selection was used as a preferential linking 
algorithm. 
The structure of the paper is following: Firstly, the 
term Giant connected component is explained, and 
then a problem design is proposed. The following 
sections are focused on the description of used 

complex network and a visualization algorithm. 
Results and conclusion follow afterwards. 

 
Fig. 1 General structure of directed network where 
the giant connected component is present. 
 
 
2 Experiment design 

In undirected network, Giant Connected Component 
(GCC) and Disconnected Component (DC) are 
present (See Fig. 2). 
However the structure of directed network can be 
more complex. In case that directness of edges is not 
present, the network consists of Giant Weakly 
Connected Component (GWCC) and Disconnected 
Components (DC). 
After the projection of edges orientation, the GWCC 
is composed from the Giant Strongly Connected 
Component (GSCC), the Giant Out-Component 
(GOUT), the Giant In-Component (GIN) and the 
Tendrils (TE). 
The giant strongly connected component is the set 
of vertices attached each by each with a directed 
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path. The giant out-component is the set of vertices 
approachable from the GSCC by a directed path. 
The giant in-component contains all vertices from 
which the GSCC is approachable. The tendrils are 
the vertices which have no access to the GSCC and 
are not reachable from it. In particular, it indeed 
includes something like “tendrils” going out of GIN 
or coming in the GOUT but also there are “tubes” 
going from the GIN to GOUT without passage 
through GSCC and numerous clusters which are 
only “weakly” connected. 

 
Fig. 2 General structure of undirected network. 
 
Network where giant components are present, are 
depicted in Figures 6 and 8. 
Note that the definitions of the GIN and GOUT in 
the [6], [7] differ from the new definitions presented 
in [3]. In the old definition, the GSCC is included 
into both GIN and GOUT, so the GSCC is the 
interception of the GIN and GOUT. The new 
definition was introduced for the sake of brevity and 
logical presentation. 
 
 
2.1 Description of used method 

GSCC is very important part of the network. In 
general, it is the core of directed network. The 
challenging task is how the GSCC can be identified 
by means of computer technology. 
One possible way is to transform the network into a 
tree. Within this approach, one vertex is selected as 
the root of tree and links are transformed into routes 
(See Fig. 3). From the first vertex leads a lot of 
routes in the case of huge network, therefore some 
insignificant edges may be omitted. GSCC can be 
presented as a loop; therefore the example of 
insignificant route in Fig. 5 is the 2→4. In this case, 
GSCC include vertexes 2,3,5,1, thus the routes 
2→3→1→2 and 2→1→2 may be omitted.  
The second possible way is based on simple fact 
that the GSCC may not consist of only one loop. If 
there is a connection between several loops, GSCC 

includes these loops otherwise larger loop is 
intended as the GSCC. 
If the GSCC is addressed, other components can be 
found. Vertexes belonging into the GIN must be 
linked to the core of the network and there exists the 
road from the core to GOUT. Vertexes belonging to 
the GWCC and does not belong to the above three 
categories, are Tendrils. 
 

 
Fig. 3 Network with loop transferred into tree. 

 
 
2.2 Generation of complex networks 

examples 
For the testing of the developed algorithm, the 
growing complex networks with preferential linking 
were used. New vertex connections were chosen by 
means of Roulette-wheel selection. Developed 
algorithm was tested on the networks with five to 
eighty vertexes.  
 
3 Experimental Results 
This paper consists primarily of two illustrative case 
studies focused on the detailed visualization of 
complex networks by means of GCC.  
The experiment was repeated twenty times for each 
dimension of the network to confirm the robustness 
and efficiency of developed algorithm. For the 
experiment, desktop PC with single-core, 1.81 GHz 
CPU and 2 GB RAM was used. 
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Fig. 4 The average number of all giant connected components 

 
Table 1 Average numbers of all GCC (in percent) 

N GSCC GIN GOUT TE DC GWCC 
5 54.48 32.89 0.00 2.66 9.97 90.03 

10 39.72 41.92 3.78 7.29 7.29 92.71 
15 35.79 50.76 2.98 5.07 5.40 94.60 
20 33.96 57.71 2.08 1.25 5.00 95.00 
25 33.10 60.34 1.55 1.21 3.79 96.21 
30 33.38 61.18 1.32 0.59 3.53 96.47 
35 33.46 61.79 0.64 0.51 3.59 96.41 
40 32.50 62.50 0.57 0.68 3.75 96.25 
45 31.12 64.39 0.51 1.22 2.76 97.24 
50 31.02 64.63 0.65 1.76 1.94 98.06 
55 34.32 60.04 1.02 1.23 3.39 96.61 
60 33.91 60.16 1.09 1.72 3.13 96.88 
65 32.83 61.74 0.87 2.12 2.45 99.55 
70 32.77 63.58 0.47 0.47 2.70 97.30 
75 35.23 63.92 0.42 0.00 0.42 99.58 
80 35.02 61.97 1.14 0.68 1.19 98.81 

 
 
 
The results of average number of GCC (percentage) 
are presented in Table 1 and Fig. 4. Examples of 
two selected networks are shown in Figures 6 and 8. 
Two illustrative examples were chosen. The first 
one was a small network with 25 vertexes, and the 
second one was a large network with 75 vertexes. 
 
 
3.1 Case study 1 
In this case study, the detailed description and 
analyse for the selected example of the small 
network with 25 vertexes were done.  For the 
structure of the used network, please refer to Fig. 6. 
Table 2 shows the average values of the GCC and 
histogram of GSCC distribution is shown in Fig. 5. 

 
Fig. 5. Histogram of number of GSCC in the 

network with 25 vertexes. 
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Fig. 6 Example of the small network, where GSCC 
(red), GIN (green) GOUT (blue), TE (orange) and 
DC (brown) are present. 
 

Table 2. Average values of the GCC 
N=25 Average % 

GSCC 8.15 33.96 
GIN 13.85 57.71 
GOUT 0.50 2.08 
TE 0.30 1.25 
DC 1.20 5.00 
GWCC 22.80 95.00 

 
 
 
3.2 Case study 2 
Networks with seventy five vertexes were analyzed 
in this case study. Graphical example of the network 
is in Fig. 8. The average numbers of all giant 
connected components are present in Table 3. 
Histogram of GSCC distribution is shown in Fig. 7. 

 
Table 3. Average values of the GCC 

N=75 Average % 

GSCC 24.25 32.77 
GIN 47.05 63.58 
GOUT 0.35 0.47 
TE 0.35 0.47 
DC 2.0 2.70 
GWCC 72.0 97.30 

 

 
Fig. 7 Histogram of number of GSCC in the 

network with 75 vertexes. 
 
 
4 Conclusion 
This paper deals with the development of the 
algorithm for the visualization of all Giant Connect 
Components in the network. As demonstrated, this 
method is very simple to implement and very easy 
to use. Furthermore, importance of this research is 
growing every day. Complex networks can be found 
in many scientific fields, but also in nature. It is 
important to understand the structure of networks, 
especially where the networks are prone to faults. 
 

 
Fig. 8 Selected example of the large network, where GSCC (red), GIN (green) GOUT (blue), TE (orange) and 
DC (brown) are present. 
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