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1 Introduction

The paper explains the functioning of statistics available using the objetts
workStatComputer and VertexStatComputer, contained in thgas.graph.statistics
package of the JAS Library (see [JAS]).

Those objects can be instantiated by the model developefNdtveorkSat-
Computer is thought to be created once, computing statistics on the whole net-
work, while a particular instance dertexStatComputer has to be created for each
node to be studied. The network object doesn’t need instances of vertex objects to
work.

The network object is constructed passing @r@ph object containing all
network objects, while vertex objects are constructed passing them the vertex ob-
ject they refer to, in the form of an object implementing the interfidaation-
alAgent of the packaggas.graph.

Statistics of both objects are accessible through the call of two metbetels,
Integer Value(int key) andgetDoubl eValue(int key) which return integer and double
values representing statistics asked via the key integer value. Those key values and
data types (integer or double) are illustrated below for each object (see tables 1
and 6).

Since the statistics objects have been designed to be integrated in JAS and
for considering dynamic networks of autonomous, hetereogenous and interacting
agents (i.e. Agent Based Models), some choices have been made to adapt standard
analyses coming from graph and network theories. The first choice has been to
consider just the usage of directed edges in networks: considering the realization
of ABMs about social realities, we consider that identical and bidirectional con-
nections between actors are the exception and not the rule. Thus, the user must
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take care of directions and weights of relationships, being able to organize homo-
geneous “undirected” edges as well as heterogenous ones. The presence in this
package of generic and specific statistics lets the user choose the most effective
tool: when a truly directed network is built, the “in” and “out” versions of statis-

tics are more informative, but when the network is built upon symmetric edges,
the mean computation made by “general” statistics is simpler.

Secondly each statistics comes from a formula established in the literature, but
adapted to our framewotk The paper focuses on the computing process imple-
mented, showing simple examples and helping the user to better understand and
use such tools.

As a final remark, we suggest the reading of [Scott’91] for an introduction to
social network analysis techniques, and the reading of [Wasserman&Faust'94] for
a deeper survey of network statistics and literature.

2 Network Leve Statistics

2.1 Explanation

Thenumber of verticesis just the whole number of vertices in the graph, however
they are connected. For the networks presented as examples, its value is 5. It is
commonly represented by the leti&t

The number of connected vertices evaluates nodes belonging to the graph
and incident at least to one edge. It doesn’'t mean that each connected node can
reach each other connected node: it is possible that separate clusters are present,
or that some nodes are unreachable because of directionality. Such data can be the
same as the total number of vertices when each vertex is connected, as in figure 2,
or different such as for the case of the graph of figure 3. It is representdd by

Theinclusivenessis the ratio between the number of connected vertices and
the their total amountl = £¢.

Thesum of degreesis the sum of the degree value of all vertices. It can be
also conceived as the double of the number of edges because each edge connects
two vertices. It is very important to stress that using directed edges means to
consider two edges for a bidirectional connections between two nodes. Thus, if
node V1 points to node V2 and the opposite, there are two directed and parallel
edges betweene them. In this case the degree of each node is 2, and the sum of
degrees is thus 4 even if just one bidirectional connection is present. The sum is

2A particular adaptation of formulas is that, in literature, unreachable vertices are considered
with a distance ofo, while in our implementation those distances are simply ignored.



Statistics Key | Type

Number of vertices 1 Integer
Number of connected vertices | 2 Integer
Inclusiveness 3 Double
Sum of degrees 4 Integer
Sum of weighted degrees 5 Double
Average degree 6 Double
Average weighted degree 7 Double
Degree variance 8 Double
Weighted degree variance 9 Double
Average betweenness 10 | Double
Betweenness variance 11 | Double
Average eccentricity 12 | Double
Eccentricity variance 13 | Double
Number of edges 14 | Integer
Sum of weighted edges 15 | Double
Density 16 | Double
Weighted density 17 | Double
Diameter 18 | Integer
Weighted diameter 19 | Double
Degree based centralization 20 | Double
Indegree based centralization | 21 | Double
Outdegree based centralization| 22 | Double
Betweenness based centralizatio23 | Double
Closeness based centralization| 24 | Double

Table 1: Network Level Statistics



computed by the following formula:

Thesum of weighted degreesis the sum of the weighted degree value of all
vertices. It can be also conceived as the double of the number of edges multiplied
for their weight. Even here it is important to stress the role of directed edges as
above. It is computed by the following formula:

whered; ,, is the weighted degree of vertéx

Theaverage degree is the mean value of degree among nodes. It is computed
as follows: d = % l.e. as the ratio between the sum of degrees and the total
number of vertices, connected or not.

The aver age weighted degree is similar to the previous one and is the ratio

between the sum of weighted degrees and the number of aim%i

Thedegree varianceis S2 = T (d i , While theweighted degree vari-
N _
anceis 53 = Lz (o)’ (d}\,w 2

The aver age betweenness is b the mean value of all vertices betweenness
values (see the following paragraph for a detailed description of this statistics),
N ol
while thebetweenness varianceis S; = Z+b)
The same kind of computatlon is behind #ner age eccentricity () and the

[ e 2
eccentricity variance (S? = Z(%)

The number of edges computes the number of edges in the graph. As said
before, it is important to take care of the presence of directed edges. This value is
represented by the lettér.

Thesum of weighted edges is the number of edges weighted for their weight
and it is obtained as half the sum of weighted degrégs= 5.

Thedensity is computed as the ratio between the number of edges present and
the maximum amount of edges feasible for the graph. In our case the maximum
amount of edges i (N — 1) and notN“g Y as in common network statistics be-
cause we are considering directed edges. Thus the statistics is computed following
the formula:D = ﬁ

Theweighted density value is computed as a measure of the density and the
intensity of edges in the network. It is the ratio between the weighted sum of
edges and the maximum amount of edges (that is to say the amgut— 1)
considering for each edge the weight of 1), = ﬁ
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The diameter of the graph is the greatest distance between any pair of its
nodes. It is implemented considering the shortest path between any pair of ver-
tices and getting the maximum value found. The shortest path search algorithm
used is the Dijkstra’s one. Even in this case it is important to underline the impor-
tance of using directed edges: the shortest path from V1 to V2 can be completely
different from the one from V2 to V1. The algorithm implemented verifies each
pair, swapping the source and the target. Formally, the statistics computed is the
valueA = max; max; (i, j) with i, j € [1, N] andd~ (¢, j) representing the di-
rected geodesic shortest distance (represented by the number of edges of the path)
between and;.

Theweighted diameter is as the diameter but considering weighted shortest
paths. The formula i\,, = max; max; d,’(¢,j) with ¢, € [1, N] andd(i, j).,
representing not the amount of edges in the path but their weights.

Passing to measures of network centralization, the first statistics available is
the degree based centralization that evaluates how the network depends on one
vertex. Itis computed adpating the general centralization index, that lies between
0 and 1 (0 when all vertices have the same centralization index and 1 when one ver-
tex completely dominates the network) and considers a general evaltiator; §)
of each node centrality:

C, = i1 [Ca(n*) = Ca(ny)]

max Y17 Ca(n*) — Ca(ny)]
In this case we considel, the degree value as the evaluator of network centrality
and thus the numerator of the index is just the sum of differences between the
highest degree value in the network and the each other degree value. On the
contrary, the denominator is considere®é¥ — 1)(N — 2) that is equivalent to
the difference between the maximum degree and the nodes degree value in a star
network, the most centralized network. In fact, in such network, the maximum
degree is the one of the star center, and (¥ — 1), with the 2 representing the
fact that each connection can be in two ways (because the graph is directed) and
that N — 1 nodes are connected to the center. Morevoer, the degree of other nodes
is 2, thusy M 12(NV — 1) — 2] = 2(N — 1)(N — 2) and the statistics formula

becomes:
Y d(n®) = d(n)]
2(N —1)(N —2)

Evaluating thendegree based centralization of the network we consider, as
measures of nodes centrality, the indegree value. The formula is similar to the
previous one, but the denominator is half the previous one because we consider
just inedges:

Cy=

i [d™ () — d™ ()]
(N—-1)(N-2)
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Theoutdegree based centralization on the opposite considers the outdegree
values of nodes. The formula adopted is:
A () — A (ng)]
(N=1)(N -2)

Cdout —

The last statistics available about network centralization is the one considering
the betweenness values of nodes. bheveenness based centralization is thus
computed considering those values on the numerator and the(Vélud ) on the
denominator. In fact the greteast difference among betweenness values exists in a
full centralized network, where the betweenness value of the central node is 1 and
in all the N — 1 other is 0. The formula thus becomes:

S5 () — blms)]

N g

The closeness based centralization considers as basic statistics the vertex
closeness, also called gloabl centrality (as in the following paragraph). The ratio
denominator is, even in this case, the maximum possible, i.e. the one of differ-
ences in a star networl@(%z\;_”). The whole formula is:

o SN eln) — clni)]
¢ (N—=2)(N-1) ?
2N-3

in the case in whicklv = N, otherwiseC,. = 0.

2.2 Examples

No. of vertices: 5 Eccentricity variance: 0.0
No. of connected vertices{ 5 No. of edges: 20
Inclusiveness: 1.0 Sum weighted edges: 20.0
Sum of degrees : 40 Density: 1.0
Sum of weighted degrees| 40.0 || Weighted density: 1.0
Average degree: 8.0 Diameter: 1
Average weighted degree; 8.0 Weighted diameter: 1.0
Degree variance: 0.0 Degree based centralization: 0.0
Weighted degree variance: 0.0 Indegree based centralization: 0.0
Average betweenness: 0.0 Outdegree based centralization:| 0.0
Betweenness variance: 0.0 Betweenness based centralization:0.0
Average eccentricity: 1.0 Closeness based centralization:| 0.0

Table 2: Statistics of the Connected Network of Figure 1



Figure 1: Fully Connected Network with 5 Vertices.
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Figure 2: Star Network with 5 Vertices.

No. of vertices: 5 Eccentricity variance: 0.16
No. of connected verticesf 5 No. of edges: 8
Inclusiveness: 1.0 Sum weighted edges: 8.0
Sum of degrees : 16 Density: 0.0
Sum of weighted degrees; 16.0 Weighted density: 0.4
Average degree: 3.0 Diameter: 2
Average weighted degree 3.2 Weighted diameter: 2.0
Degree variance: 5.8 Degree based centralization: 1.0
Weighted degree variance: 5.8 Indegree based centralization: 1.0
Average betweenness: 0.2 Outdegree based centralization:| 1.0
Betweenness variance: 0.16000000000000008 Betweenness based centralizatipn:1.0
Average eccentricity: 1.8 Closeness based centralization:{ 1.000000000000000|

Table 3: Statistics of the Star Network of Figure 2
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Figure 3: Star Network with 4 Vertices Connected and 1 Alone.

No. of vertices:

No. of connected vertices
Inclusiveness:

Sum of degrees :

Sum of weighted degrees|
Average degree:

Average weighted degree|

Degree variance:

Weighted degree variance:

Average betweenness:
Betweenness variance:
Average eccentricity:

0.1

1.4

0.040000000000000014

Eccentricity variance:

No. of edges:

Sum weighted edges:

Density:

Weighted density:

Diameter:

Weighted diameter:

Degree based centralization:
Indegree based centralization:
Outdegree based centralization:
Betweenness based centralizati
Closeness based centralization:

Table 4: Statistics of the Star Network of Figure 3

Figure 4: Linear Network with 5 Vertices.




No. of vertices: 5 Eccentricity variance: 0.5599999999999999
No. of connected vertices{ 5 No. of edges: 8

Inclusiveness: 1.0 Sum weighted edges: 8.0

Sum of degrees : 16 Density: 0.0

Sum of weighted degrees{ 16.0 Weighted density: 0.4

Average degree: 3.0 Diameter: 4

Average weighted degreef 3.2 Weighted diameter: 4.0

Degree variance:

Weighted degree variance:

Average betweenness:
Betweenness variance:

Average eccentricity:

1.0
0.3333333333333333

0.07777777777777774

3.2

Degree based centralization:
Indegree based centralization:
Outdegree based centralization:
Betweenness based centralizati
Closeness based centralization:

0.1666666666666666
0.1666666666666666]
0.1666666666666666]
pn:0.4166666666666666

~Nwo oo,

0.4222222222222221

Table 5: Statistics of the Linear Network of Figure 4

3 NodelLeve Statistics

3.1 Explanation

Statistics related to single vertices focus on the possible role that a vertex play in
its surrounding and the whole network. For that reason, first statistics are concen-
trated on evaluating the vertex loacl centrality, while the last ones are on its global
centrality.

The first measure of a vertex local centrality isatssolute degree value, i.e.
half the sum of all its incidents edges:= % whereE, is the edge set of the
vertexv considered. Thus, even in this case, it is important to underline that
using direct edges, both connections starting from and arriving to the vertex are
counted by this statistics, while trabsolute indegree and outdegree consider
just, respectively, the incident inedgek) and outedgesi(*):

A way to better compare local centrality data for different vertices, even in dif-
ferent networks or surroundings, is to consider a relative value and not an absolute
one. Thus, theelative degree value is the ratio between the absolute one and the
maximum degree possible in the network, that is the fact of being connected to all
other vertices through in and outedgés; =

2(N—1)"

Therelative indegree instead considers just inedgel&’{ = (A‘f—_"l)), while the
relative outdegree just outedgesd = 4-).

Considering the presence of different weights among edgesgdighted de-
gree of a vertex is the sum of each incident edge, evaluated for its weight:

E,
_ Ze:l we

Theweighted indegree statistics and theveighted outdegree one are similar
to the one just mentioned, but considering weighted inedges and outedges:

duw

in
E;

i __
dw - Z We,
e=1
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Statistics | Key | Type

Absolute degree 1 Double
Absolute indegree 2 Integer
Absolute outdegree 3 Integer
Relative degree 4 Double
Relative indegree 5 Double
Relative outdegree 6 Double
Weighted degree 7 Double
Weighted indegree 8 Double
Weighted outdegree 9 Double
Absolute degree -2 10 | Double
Absolute indegree -2 11 | Integer
Absolute outdegree -2 12 | Integer
Global centrality 13 | Double
Global in-centrality 14 | Double
Global out-centrality 15 | Double
Weighted global centrality 16 | Double
Weighted global in-centrality 17 | Double
Weighted global out-centrality 18 | Double
Corrected global centrality 19 | Double
Corrected global in-centrality 20 | Double
Corrected global out-centrality 21 | Double
Weighted & corrected global centrality | 22 | Double
Weighted & corrected global in-centrality 23 | Double
Weighted & corrected global out-centrality24 | Double
Betweenness 25 | Double
Eccentricity 26 | Integer
In-eccentricity 27 | Integer
Out-eccentricity 28 | Integer

Table 6: Vertex Level Statistics
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out __
o =" we.
e=1

While the standard degree is a measure of how many nodes can be reached in
one step from the starting vertex, it could be interesting to evaluate not just the
quantity of nodes reached but also the quality. For instance, a node connected
to only one other could be in a good position for local centrality because the
close one is very well connected. To measure such a second level centrality, the
absolute degree -2 can be used: it evaluates how many nodes can be reached
in less than 3 steps, thus enumerating the vertex close neigbors and their close
neighbors. The formula, using the Dijkstra shortest path algorithm to evaluate
geodesic distances)( is as follows:

YN o(v,) + XX o(i,v)

d—2 9 )

with (i, 7) = 1if 67 (i, j) < 3, 0 otherwise.

The absolute indegree -2 uses the same concept but considers just inedges,
arriving to the vertex considered. In other words, it enumerates the vertex that can
be reached in two steps starting from therk (

4 N-1
d" =" o(v,i).
i=1

Theabsolute outdegree -2, on the opposite, evaluates how many vertices can
reach the vertex considered in two steps:

N-1

mo= Z o(i,v).

i=1

The statistics calledlobal centrality evaluates the role of the vertex on the
whole network, considering the sum of shortest paths to reach other nodes as a
measure vertex centrality. It is a relative measure, compared to the the centrality
of a center in a star networkv( — 1):

N -1
S et )
2

gv =

Theglobal in-centrality evaluates the sum of shortest paths reaching the ver-

tex, 9" = otk while theglobal out-centrality is the sum of shortest
i=1 %,V
paths leaving the vertey?"t = — -1
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Theweighted global centrality is the the same as global centrality, but con-
sidering the edges composing shortest paths not as units but by their weights and
thus considering an absolute measure and not a relative one:

SNy (v,0) + 218, (6, v)
. .

Theweighted global in-centrality considers weighted shortest paths pointing
to the vertexg;", = YN 16 (4, v), while theweighted global out-centrality is
the weighted sum of shortest paths leaving the veptg,= > 1" 6, (v, i).

Another way to evaluate global centrality is to evaluate the importance of be-
ing connected to other vertices depending on their degree and on their distance,
mixing information of local and global centrality. Tlwerrected global central-
ity in fact is the sum of ratio between the vertices degrees and the length of the
shortest path to reach them, a value then inverted and multipli@dfor 1), that
Is the maximum value for a star centralized network:

2(N — 1)

N—1, d; d;
Zi:l (6_’(1),i)+6_’(i,11))
2

Gow =

v — )

where the global centrality of vertexdepends on distances with each other vertex
and their degreed().
Thecorrected global in-centrality considers how much other nodes take to

reach the vertex considered and their outdegrée:= —~=L——, while the

i=1 m
corrected global out-centrality considers how much it takes to reach other nodes
and their indegree:g" = —~=1_-—

i=1 6 (v,%)

Considering the possibility to set different weights in edgeswéighted and
corrected global centrality evaluates the vertex global centrality by computing
the sum of the weighted paths with other nodes, weighted also by their weighted

degrees:
N-1

whered, ,, is the weighted degree of vertéandd,’ (v, i) is the weighted directed
shortest path betweenand:.
Theweighted and corrected global in-centrality uses the connections arriv-

ing at the vertex and the weighted outdegrees of other vertiggss V7 %( 51(2 o
while theweighted and corrected global out-centrality considers welghteéf paths
starting from the vertex and indegrees of other vertiegg: = > *( ;i”zv -

The beetweeness value is, as considered in literature, an evaTuatlon of the
role of the vertex as an hub for connections among other vertices. It is computed
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evaluating the ratio between the numebr of times the vertex belongs to shortest
paths connecting each pair of other nodes possible and the maximum possible
(thatis(N — 1)(N —2)):

DY ED DA (W)
- (N=1)(N -2

by

The vertexeccentricity, called also the vertex “degree of separation”, is the
greatest distance present beetween the vertex and the others. It is computed by:
e, = max;0 (v,4)07(i,v), with ¢ € [1, N — 1] and thus considering directed
shortest path arriving and starting there.

The in-eccentricity value cosiders just the greatest shortest path arriving at
the vertexe™ = max;6~ (i, v), while theout-eccentricity is the oppositeg® =
maz;6 " (v,1).

3.2 Examples
Statistics of the Connected Network of Figure 1

- Node: V1
Vertex degree abs: 4.0
I ndegree abs: 4
Qut degree abs: 4
Degree rel : 1.0
I ndegree rel: 1.0
Qutdegree rel: 1.0
Wi ght ed degree: 4.0
Wei ghted i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0
I ndegree 2 abs: 4
Qut degree 2 abs: 4
G obal centrality: 1.0
G obal incentrality: 1.0
G obal outcentrality: 1.0
G obal weighted centrality: 4.0
G obal weighted incentrality: 4.0
G obal weighted outcentrality: 4.0
G obal centrality corrected: 0.25
d obal incentrality corrected: 0.25
G obal outcentrality corrected: 0.25
G obal centrality weighted & corrected: 16.0
G obal incentrality weighted & corrected: 16.0
G obal outcentrality weighted & corrected: 16.0
Bet weenness: 0.0
Eccentricity: 1
In-eccentricity: 1
Qut-eccentricity: 1

- Node: V2
Vertex degree abs: 4.0
I ndegree abs: 4
Qut degree abs: 4
Degree rel : 1.0
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I ndegree rel: 1.0
Qutdegree rel: 1.0

Wi ght ed degree: 4.0
Wei ghted i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 1.0
G obal incentrality: 1.0

G obal outcentrality: 1.0

G obal weighted centrality: 4.0

G obal weighted incentrality: 4.0

G obal weighted outcentrality: 4.0

G obal centrality corrected: 0.25

d obal incentrality corrected: 0.25

G obal outcentrality corrected: 0.25

Gd obal centrality weighted & corrected: 16.0
G obal incentrality weighted & corrected: 16.0
G obal outcentrality weighted & corrected: 16.0
Bet weenness: 0.0

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

--- Node: V3

Vertex degree abs: 4.0
I ndegree abs: 4

Qut degree abs: 4
Degree rel : 1.0

I ndegree rel: 1.0
Qutdegree rel: 1.0

Wei ght ed degree: 4.0
Wi ghted i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 1.0
G obal incentrality: 1.0

G obal outcentrality: 1.0

G obal weighted centrality: 4.0

G obal weighted incentrality: 4.0

G obal weighted outcentrality: 4.0

G obal centrality corrected: 0.25

G obal incentrality corrected: 0.25

G obal outcentrality corrected: 0.25

G obal centrality weighted & corrected: 16.0
G obal incentrality weighted & corrected: 16.0
G obal outcentrality weighted & corrected: 16.0
Bet weenness: 0.0

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

--- Node: V4

Vertex degree abs: 4.0
I ndegree abs: 4

Qut degree abs: 4
Degree rel : 1.0

I ndegree rel: 1.0
Qutdegree rel: 1.0
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Wi ght ed degree: 4.0
Wi ghted i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 1.0
G obal incentrality: 1.0

G obal outcentrality: 1.0

G obal weighted centrality: 4.0

G obal weighted incentrality: 4.0

G obal weighted outcentrality: 4.0

G obal centrality corrected: 0.25

d obal incentrality corrected: 0.25

G obal outcentrality corrected: 0.25

Gd obal centrality weighted & corrected: 16.0
G obal incentrality weighted & corrected: 16.0
G obal outcentrality weighted & corrected: 16.0
Bet weenness: 0.0

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

--- Node: V5

Vertex degree abs: 4.0
I ndegree abs: 4

Qut degree abs: 4
Degree rel : 1.0

I ndegree rel: 1.0
Qutdegree rel: 1.0

Wi ght ed degree: 4.0
Wi ght ed i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 1.0
G obal incentrality: 1.0

G obal outcentrality: 1.0

G obal weighted centrality: 4.0

G obal weighted incentrality: 4.0

G obal weighted outcentrality: 4.0

G obal centrality corrected: 0.25

G obal incentrality corrected: 0.25

G obal outcentrality corrected: 0.25

G obal centrality weighted & corrected: 16.0
G obal incentrality weighted & corrected: 16.0
G obal outcentrality weighted & corrected: 16.0
Bet weenness: 0.0

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

Statistics of the Star Network of Figure 2

--- Node: V1

Vertex degree abs: 4.0
I ndegree abs: 4

Qut degree abs: 4
Degree rel : 1.0

I ndegree rel: 1.0
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Qutdegree rel: 1.0

Wi ght ed degree: 4.0
Wei ghted i ndegree: 4.0
Wi ght ed outdegree: 4.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 1.0
G obal incentrality: 1.0

G obal outcentrality: 1.0

G obal weighted centrality: 4.0
G obal weighted incentrality: 4.0

G obal weighted outcentrality: 4.0
G obal centrality corrected: 1.0
G obal incentrality corrected: 1.0

d obal outcentrality corrected: 1.0

G obal centrality weighted & corrected: 4.0

G obal incentrality weighted & corrected: 4.0
G obal outcentrality weighted & corrected: 4.0
Bet weenness: 1.0

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

--- Node: V2

Vertex degree abs: 1.0

I ndegree abs: 1

Qut degree abs: 1

Degree rel : 0.25

I ndegree rel: 0.25

Qutdegree rel: 0.25

Wi ghted degree: 1.0

Wei ghted indegree: 1.0

Wi ght ed outdegree: 1.0

Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

A obal centrality corrected: 0.7272727272727273
G obal incentrality corrected: 0.7272727272727273
G obal outcentrality corrected: 0.7272727272727273
G obal centrality weighted & corrected: 5.5

G obal incentrality weighted & corrected: 5.5
G obal outcentrality weighted & corrected: 5.5
Bet weenness: 0.0

Eccentricity: 2

In-eccentricity: 2

Qut-eccentricity: 2

--- Node: V3

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1
Degree rel : 0.25

I ndegree rel: 0.25

Qut degree rel: 0.25
Wi ght ed degree: 1.0
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Wi ghted indegree: 1.0

Wi ght ed outdegree: 1.0

Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

G obal centrality corrected: 0.7272727272727273
G obal incentrality corrected: 0.7272727272727273
G obal outcentrality corrected: 0.7272727272727273
G obal centrality weighted & corrected: 5.5

Gd obal incentrality weighted & corrected: 5.5
G obal outcentrality weighted & corrected: 5.5
Bet weenness: 0.0

Eccentricity: 2

I n-eccentricity: 2

Qut-eccentricity: 2

--- Node: V4

Vertex degree abs: 1.0

I ndegree abs: 1

Qut degree abs: 1

Degree rel : 0.25

I ndegree rel: 0.25

Qutdegree rel: 0.25

Wi ghted degree: 1.0

Wei ghted indegree: 1.0

Wi ght ed outdegree: 1.0

Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

G obal centrality corrected: 0.7272727272727273
G obal incentrality corrected: 0.7272727272727273
G obal outcentrality corrected: 0.7272727272727273
G obal centrality weighted & corrected: 5.5

G obal incentrality weighted & corrected: 5.5
G obal outcentrality weighted & corrected: 5.5
Bet weenness: 0.0

Eccentricity: 2

In-eccentricity: 2

Qut-eccentricity: 2

--- Node: V5

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1
Degree rel : 0.25

I ndegree rel: 0.25
Qutdegree rel: 0.25
Wei ght ed degree: 1.0
Wi ghted indegree: 1.0
Wi ght ed outdegree: 1.0
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Degree 2 abs: 4.0

I ndegree 2 abs: 4

Qut degree 2 abs: 4

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

G obal centrality corrected: 0.7272727272727273
Gd obal incentrality corrected: 0.7272727272727273
G obal outcentrality corrected: 0.7272727272727273
G obal centrality weighted & corrected: 5.5

d obal incentrality weighted & corrected: 5.5

G obal outcentrality weighted & corrected: 5.5
Bet weenness: 0.0

Eccentricity: 2

I n-eccentricity: 2

Qut-eccentricity: 2

Statistics of the Star Network of Figure 3

--- Node: V1

Vertex degree abs: 3.0

I ndegree abs: 3

Qut degree abs: 3

Degree rel : 0.75

I ndegree rel: 0.75

Qutdegree rel: 0.75

Wi ght ed degree: 3.0

Wi ghted indegree: 3.0

Wi ght ed outdegree: 3.0

Degree 2 abs: 3.

I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 1.3333333333333333

G obal incentrality: 1.3333333333333333

G obal outcentrality: 1.3333333333333333

G obal weighted centrality: 3.0

G obal weighted incentrality: 3.0

G obal weighted outcentrality: 3.0

d obal centrality corrected: 1.3333333333333333
Gd obal incentrality corrected: 1.3333333333333333
G obal outcentrality corrected: 1.3333333333333333
d obal centrality weighted & corrected: 3.0

G obal incentrality weighted & corrected: 3.0
d obal outcentrality weighted & corrected: 3.0
Bet weenness: 0.5

Eccentricity: 1

In-eccentricity: 1

Qut-eccentricity: 1

--- Node: V2

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1
Degree rel : 0.25

I ndegree rel: 0.25

Qut degree rel: 0.25
Wei ghted degree: 1.0
Wi ghted indegree: 1.0
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Wi ght ed outdegree: 1.0

Degree 2 abs: 3.0

I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 0.8

G obal incentrality: 0.8

G obal outcentrality: 0.8

G obal weighted centrality: 5.0
G obal weighted incentrality: 5.0

G obal weighted outcentrality: 5.0
G obal centrality corrected: 1.0
G obal incentrality corrected: 1.0

G obal outcentrality corrected: 1.0

Qd obal centrality weighted & corrected: 4.0
G obal incentrality weighted & corrected: 4
G obal outcentrality weighted & corrected
Bet weenness: 0.0

Eccentricity: 2

In-eccentricity: 2

Qut-eccentricity: 2

--- Node: V3

Vertex degree abs: 1.0

I ndegree abs: 1

Qut degree abs: 1

Degree rel : 0.25

I ndegree rel: 0.25

Qut degree rel: 0.25

Wei ghted degree: 1.0

Wi ghted indegree: 1.0

Wi ght ed outdegree: 1.0

Degree 2 abs: 3.0

I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 0.8

G obal incentrality: 0.8

G obal outcentrality: 0.8

G obal weighted centrality: 5.0
G obal weighted incentrality: 5.0

G obal weighted outcentrality: 5.0
G obal centrality corrected: 1.0
G obal incentrality corrected: 1.0

G obal outcentrality corrected: 1.0

G obal centrality weighted & corrected: 4.0
G obal incentrality weighted & corrected: 4
G obal outcentrality weighted & corrected
Bet weenness: 0.0

Eccentricity: 2

In-eccentricity: 2

Qut-eccentricity: 2

--- Node: V4

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1
Degree rel : 0.25

I ndegree rel: 0.25

Qut degree rel: 0.25
Wi ghted degree: 1.0
Wei ghted i ndegree: 1.0
Wi ght ed outdegree: 1.0
Degree 2 abs: 3.0
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I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 0.8

G obal incentrality: 0.8

G obal outcentrality: 0.8

G obal weighted centrality: 5.0
G obal weighted incentrality: 5.0

G obal weighted outcentrality: 5.0
G obal centrality corrected: 1.0
G obal incentrality corrected: 1.0

d obal outcentrality corrected: 1.0

d obal centrality weighted & corrected: 4.0

G obal incentrality weighted & corrected: 4.0
d obal outcentrality weighted & corrected: 4.0
Bet weenness: 0.0

Eccentricity: 2

I n-eccentricity: 2

Qut-eccentricity: 2

--- Node: V5

Vertex degree abs: 0.0

I ndegree abs: 0

Qut degree abs: 0

Degree rel : 0.0

I ndegree rel: 0.0

Qutdegree rel: 0.0

Wei ght ed degree: 0.0

Wi ghted indegree: 0.0

Wi ght ed outdegree: 0.0

Degree 2 abs: 0.0

I ndegree 2 abs: 0

Qut degree 2 abs: 0

G obal centrality: 0.0

G obal incentrality: 0.0

G obal outcentrality: 0.0

G obal weighted centrality: 0.0

G obal weighted incentrality: 0.0

G obal weighted outcentrality: 0.0

G obal centrality corrected: 0.0

G obal incentrality corrected: 0.0

G obal outcentrality corrected: 0.0

G obal centrality weighted & corrected: 0.0
G obal incentrality weighted & corrected: 0.0
G obal outcentrality weighted & corrected: 0.0
Bet weenness: 0.0

Eccentricity: O

In-eccentricity: 0O

Qut-eccentricity: 0

Statistics of the Connected Network of Figure 1

--- Node: V1

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1

Degree rel : 0.25

I ndegree rel: 0.25
Qutdegree rel: 0.25

Wi ghted degree: 1.0
Wei ghted indegree: 1.0
Wi ght ed outdegree: 1.0
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Degree 2 abs: 2.0

I ndegree 2 abs: 2

Qut degree 2 abs: 2

G obal centrality: 0.4

G obal incentrality: 0.4

G obal outcentrality: 0.4

G obal weighted centrality: 10.0

G obal weighted incentrality: 10.0

G obal weighted outcentrality: 10.0

G obal centrality corrected: 1.021276595744681

d obal incentrality corrected: 1.021276595744681

d obal outcentrality corrected: 1.021276595744681

G obal centrality weighted & corrected: 3.9166666666666665
Ad obal incentrality weighted & corrected: 3.9166666666666665
G obal outcentrality weighted & corrected: 3.9166666666666665
Bet weenness: 0.0

Eccentricity: 4

I n-eccentricity: 4

Qut-eccentricity: 4

--- Node: V2

Vertex degree abs: 2.0

I ndegree abs: 2

Qut degree abs: 2

Degree rel : 0.5

I ndegree rel: 0.5

Qutdegree rel: 0.5

Wi ghted degree: 2.0

Wei ghted indegree: 2.0

Wi ght ed outdegree: 2.0

Degree 2 abs: 3.0

I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

G obal centrality corrected: 0.9230769230769231

Gd obal incentrality corrected: 0.9230769230769231

G obal outcentrality corrected: 0.9230769230769231

G obal centrality weighted & corrected: 4.333333333333333
G obal incentrality weighted & corrected: 4.333333333333333
G obal outcentrality weighted & corrected: 4.333333333333333
Bet weenness: 0.5

Eccentricity: 3

In-eccentricity: 3

Qut-eccentricity: 3

--- Node: V3

Vertex degree abs: 2.0
I ndegree abs: 2

Qut degree abs: 2
Degree rel : 0.5

I ndegree rel: 0.5
Qutdegree rel: 0.5

Wi ght ed degree: 2.0
Wi ghted indegree: 2.0
Wi ght ed outdegree: 2.0
Degree 2 abs: 4.0

I ndegree 2 abs: 4
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Qut degree 2 abs: 4

G obal centrality: 0.6666666666666666

G obal incentrality: 0.6666666666666666

G obal outcentrality: 0.6666666666666666

G obal weighted centrality: 6.0

G obal weighted incentrality: 6.0

G obal weighted outcentrality: 6.0

G obal centrality corrected: 0.8

G obal incentrality corrected: 0.8

G obal outcentrality corrected: 0.8

d obal centrality weighted & corrected: 5.0
Gd obal incentrality weighted & corrected: 5.0
G obal outcentrality weighted & corrected: 5.0
Bet weenness: 0. 6666666666666666

Eccentricity: 2

In-eccentricity: 2

Qut-eccentricity: 2

--- Node: V4

Vertex degree abs: 2.0

I ndegree abs: 2

Qut degree abs: 2

Degree rel : 0.5

I ndegree rel: 0.5

Qutdegree rel: 0.5

Wei ght ed degree: 2.0

Wei ghted indegree: 2.0

Wi ght ed outdegree: 2.0

Degree 2 abs: 3.0

I ndegree 2 abs: 3

Qut degree 2 abs: 3

G obal centrality: 0.5714285714285714

G obal incentrality: 0.5714285714285714

G obal outcentrality: 0.5714285714285714

G obal weighted centrality: 7.0

G obal weighted incentrality: 7.0

G obal weighted outcentrality: 7.0

G obal centrality corrected: 0.9230769230769229

Ad obal incentrality corrected: 0.9230769230769229

G obal outcentrality corrected: 0.9230769230769229

G obal centrality weighted & corrected: 4.333333333333334
G obal incentrality weighted & corrected: 4.333333333333334
G obal outcentrality weighted & corrected: 4.333333333333334
Bet weenness: 0.5

Eccentricity: 3

In-eccentricity: 3

Qut-eccentricity: 3

--- Node: V5

Vertex degree abs: 1.0
I ndegree abs: 1

Qut degree abs: 1
Degree rel : 0.25

I ndegree rel: 0.25

Qut degree rel: 0.25
Wi ghted degree: 1.0
Wi ghted indegree: 1.0
Wi ght ed outdegree: 1.0
Degree 2 abs: 2.0

I ndegree 2 abs: 2

Qut degree 2 abs: 2

G obal centrality: 0.4
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G obal incentrality: 0.4

G obal outcentrality: 0.4

G obal weighted centrality: 10.0

G obal weighted incentrality: 10.0

G obal weighted outcentrality: 10.0

G obal centrality corrected: 1.021276595744681

Gd obal incentrality corrected: 1.021276595744681

G obal outcentrality corrected: 1.021276595744681

Gd obal centrality weighted & corrected: 3.9166666666666665
G obal incentrality weighted & corrected: 3.9166666666666665
d obal outcentrality weighted & corrected: 3.9166666666666665
Bet weenness: 0.0

Eccentricity: 4

I n-eccentricity: 4

Qut-eccentricity: 4
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