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Prof. Shivani Kumar
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Lecture - 26
Tutorial - 4

Hello everyone. Welcome back to the tutorial of Social Network Analysis. So, we have
already seen different attributes of network x and how we can use it to analyze the graph and
maybe we for some basic visualization of the network; however, network x is provides us
with very limited options for visualization. And for a network to be understand understood
fully and to be analyzed fully, we might need to visualize it in a more better and interactive

manner.

In order to do that, there are various softwares that are present to be downloaded or online,
both in the free and the open source domain. One such software that we will discuss in the

tutorial today is called Gephi.
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So, Gephi is basically an open source software, which can be downloaded for Windows, Mac
or even Linux. And it can be used to visualize as well as do some basic analysis of the

network. So, you can download Gephi.
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From this Gephi dot org website and it is as I already mentioned it is available for Windows,
Mac and Linux. And after you have downloaded it just install it in your systems and then we
are good to go. Now, since this software is already present in my system. I will just tell you

what to do after that is it is installed.

So, we already saw network x right. So, now, whatever graph that we create in network x. We
can save it in a format that is suitable for the Gephi software. So, the format it can be graph m
| also it can be g e x f. So, network x it provides us with a bridge in order to save a graph in a

suitable manner.

So, that we can open this graph in the Gephi software and visualize or analyze it further. So,
we again we as done in the previous tutorial. We will take this karate club graph the sample

graph and we will just write this graph in the dot g e x f format file. So, in order to do that, we
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simply call the right dot g e x f function of the network x library and we run this step. So, now
our karate club graph has been written in this in this particular file. Now, how to access this

file in Google collaborator?.
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We just open, this files tab here and we see that the graph that we have just written is present
here as a file. We go to the options of this and we download this file for us. So, here we have
the file. Now, the next step would be to open this file in the Gephi software. So, we open the

Gephi software and when we will open it.
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You will see a screen like this. Here we have some different options like, we can either create
a new project from scratch where we will be creating a graph and the edges and the nodes in
the Gephi software itself. We can open a graph file that is something that we will be doing.
And also it provides that with some already present different samples graph, just to play

around and get to know the software well.
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We will open the graph file that we have downloaded. That is the karate club dot g e x f file.
We will open this file. And we see that we are shown with some information of the network.
That is there are total of 34 nodes, that are present in the network and the number of edges are

78 and the graph type is undirected, that we want.

So, we simply look at these components we see that they are good to go and we press on ok.

So, that a graph based on these nodes and edges can be initialized.
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After pressing on ok, [ am going in this overview tab. We can see that here a graph is coming
which basically has 34 nodes and 78 edges as described in the in this right hand side top box
and, but; however, right now this graph although we can understand some structure of it, but
still the overall structure might not be as clear as we might want. So, we might want to

change the layout of the graph a bit. We can do that in Gephi by going into this tab here at the

bottom left corner.
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And selecting a layout out of all the different options of layout that we have. So, we select
this Force Atlas layout. So, in this layout basically each of the node and the edges they are
governed by some physics property that we define here. That is the repulsion strength
between 2 nodes, should be around 200 that is the strength that the 2 nodes repel each other
or are visualized away from each other on the on our screen right. So, and similarly we have
the attraction strength and other different at different properties of the nodes. Now, based on

this layout we run this layout on our graph.
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And we see that now our graph looks something like this, but it somehow became even
difficult to understand correct. So, we might want to increase this repulsion strength, because
we can see that these nodes they are very much close together and we want it to be spread

apart. So, that we can we are able to visualize the structure of the graph.
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So, we just we will just increase this repulsion strength by maybe a factor of you know 10.
So, we just here we increase it. Or maybe we can change the layout altogether. We will do
the, we can use this layout that is Fruchterman Reingold, which will basically change this
layout into a circular fashion. So, we run this, we reset our graph. And we can see here that

the layout that we have now is basically in a structure in a circular manner where each node is

like it is a some distance apart.
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Right, now, another thing that we can do here is that we can rank these nodes somehow. So,
before going into the ranking function of it, as you can see when I hover my mouse over a
particular node. The one half neighbor of that node are highlighted right. And I can also click

and drag this node to wherever I want, right like this.
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And I again this run this force atlas maybe and we can see that now the graph looks
something like this. We will change this value of repulsion strength and then run it again.
And we can see that now the graph like the all the nodes they are spread apart a bit more and

now the graph looks something like this right.

Now, another thing here that we can do in Gephi is called Ranking, that is. We can change the
color and the size of the nodes and edges, based on the different properties of the nodes and

edges. So, we go in this Ranking tab here at the top left corner of our screen.
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And, we select an attribute that we want to consider for a Ranking. So, here we select the
degree attribute, right. And then we are shown some the you know the scale of colors or the

palette of colors that we want.

So, a lower degree node would be colored closer to White whereas, a higher degree node
would be colored dark Green. So, we apply this ranking to our graph and we see that the
higher degree nodes they are colored on the darker side of the Green whereas, the lower
degree nodes they are colored on the Whiter side right. We can also change this color palette

by like either of the two ways.
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We can either select a default color palette by going here. For example, let us select this and
apply we have this higher degree node with value Blue the middle ones with White and the
lower ones with Red or we can select a particular this triangle that is present here. We can
select this triangle and choose from any of these colors. So, for example, we might want this

to be Blue, we select Blue.
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And we apply and we can see that the corresponding degree values they have changed to the
said color. Then apart from the just the color of the nodes, we can also modify the sizes of the
node just like if you remember we did in the last tutorials with the network x draw functions

here also we can modify the size of the node, based on the on the value of different attributes.
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So, we were here in the Ranking tab of the color of the color property of the node. We will
just go to one right hand side and select the size attribute of the node and again go to the
Ranking module and then we will select an attribute by which we want to change the size of

the node that is degree here.
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And we select the minimum and maximum size. So, right now the minimum maximum size
are small. So, we can see that by applying it and we see that the size is quite small. So, we
just increase the size by maybe a value of 10. So, now, the minimum size is 10 and the

maximum is 40. We apply this and we see that the higher the degree of a node the larger that

node appears in our graph.

Now, again these nodes they can also like we can do one more thing that is we can show the
labels or the ids of the nodes on them right. So, in order to do that we just click here. That is
show node labels and these ids of the node that they are shown here right. We can change the
size of these labels or an interesting thing that we can do, is that we can change the size of

each node, based on the size of the node. That is the label size would be bigger for a node that

has that is bigger in size.
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So, we change this and we see that like 0, 33, 33, 32 they are coming to be big with big node
labels. Whereas, the smaller nodes smaller degree node that is 11, 16, 26 they are coming to
be smaller with smaller node labels. We can also select what kind of labels we want to show

here by going to this option here.
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So, each node it basically has three labels right now. That is an 1 d of the node, the label of the
node that is already shown and the club to which it belong. So, here in the karate club graph,
basically each node belongs to one of the two club that is present in the network. So, probably
we also want to see the club to which the node belongs, we select that or we want to see the

club here.

367



(Refer Slide Time: 13:49)

B Fie Werispace View Tools Window Help

[®oevew ][] Dalavontoy

Vorspace 1 X

Appusnnce X _
Hlodes Edges eOAT
Unicve Rankig

Degee v

Minsze | 1 G| Maxsze| @00

L b hpply
Layeut X _
Force Atlas. v
[} b Rn
vorce s
netia 0

Repusion rength 20000
Atinctonsresgth 100
Maimum disgacement 100
Autostabilze uncion [/
AutostabSrength 800
Autosab sensviity 02

Gravty E)
Atraction Distib.

Adjstby Sizes

speed 0
Forze Mas

¥ Freses. Resel

J[E Peview
Gaph X v Cantea X
G vussia comgue) Nodes: 34
k Edges: 78
] Undiected Gapn
a
?
B Latel textsetings X Fiters X suatsts
o . Reset
toce, (I Stowproperies S
@ ivary
& Select aritutes todisolay aslabels Atribites
3 ) g0 o
¢ \// dges
s 7 Lavel ¢ 8 Operator
x Topoiogy
" Weigtt  Saedqures
A Cancel T Queries

.,in @ ong iterhere

{E- [ DEET e A A AalBod2 —@ | ) ®

368




(Refer Slide Time: 14:00)

B rie Wekspace View Tooks Window Help Gephi095 - Project |
©  oevew ][] Dsatmonoy][E] Pevew

Vionspice | X
Appearnce X _ Goph v Conea x
B oges @6 A T foosm comm Nodes: 34
Wicue kg R Eiges: 18
Dere w Wl Undircted Gapn
8
Minsze | (0| Maxsze| 4 0
! Files X | Sttsts
/s Reet
@ Livay
# Atribies
e Y Oynanic
es
a (b | 2 Opertor
e X Topoing
= ° 2 Suedueies
force Atas v
0 b Rn
vorce atas
netia [
teplsinsrength 2000
Atnctin gt 100
Mpimu disacement 100 T aueres
Auto stabilze function (4 @ g fiter here

Atostb Srength 800
Autosab sensvity 02
Gty ET)
Attactn Db,

Adiistby Szes

Spesd w

Forse Aias

¥ hesets Resen (e MEET A A Wl B0 & | 1) ® :

(Refer Slide Time: 14:09)

369



B Fie Woispace View Tools Window Help

ot
®  Owevew (] Daatabontoy_|[E]Peview
Voripace | X
Aapeaninge X — Gun X v
Nodes Edges @0 AT ffoussen comun
unicue Ranking k
Deyee V| D
2]
Minsze | 10 0] Maxsize| 405
:
'I 1B tobel extseting: X
@ Rods | tdoss Showproperies
% Selectamitute Lodiplayaslabels k '
s ’ 5 $,
= [ hawn | 7 toe ¢
layat X X 7o
Foice Allas v
(] b fn
rorce s
netia o
Repusiongrength 20000 [
Atncionsresgtt 100
Mavimum dispacement 100 1 Cancel
Autostabilzefuncion (7
b0 Pia L "
Autosabsensiify 02
Grarity 300
Attactin Distb N
Adjstby Szes 2
Speed u [}
Forse Mas 0|
A
P fresets. Resel iw-DEET - A A AilBold 32 @ m: ®

(Refer Slide Time: 14:11)

370

Caned *

Fillrs X

Nodes: 34
Edges: 18
Undircted Grapn

Statstcs
Reset

Libray
Atributes

@ Suedaueies

T s
@ O iterhee



B Fie Woispace View Tools Window Help e ojec SN
[@  owewew ][] Datatabonioy ][ Peview (]

e X NPTEL

Apozatance X v Contet X

Hodss Edges

Nodes: 34
Unicue Renking k Edges: 75
Undircted Grapn

‘Do
o(Ne 8
o‘% R

7 freses. Rase Q&[T - Ak AilBid3 @ [ 13 s

We can also change the different attribute that you want to be shown for the edges also. But
right now let us just stick to the nodes. So, we select the value of club also and we click on
ok. And for each club for each node we are also shown the club. So, we might want the label

to not be there in just the club we press ok.

And then we can see that these two higher degree nodes, they belong to two different clubs.
This one for officer and we can see that most of its neighbor also belongs to the club officer.
This one to mister hi and we can see that most of the neighbors of this node also belongs to

mister hi with just one belonging to officer right.

Then the other thing other very interesting thing that can be done in Gephi software is to
analyze the graph in different fashion. So, in order to do that we just go to the statistics tab at

the right hand side of our screen.
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We see here the tab statistics we go here and we can see that Gephi provides us with a lot of

possible statistics that can be counted for the graph.

So, first thing is just to calculate the average degree of the of all the nodes that are present in
the graph into calculate this we need to run this algorithm here. And we are shown with a
degree distribution. So, the average degree is coming out to be 4.588 and this is the degree
distribution that we have. That is the degree 0, comes sorry the degree 1 comes for one node

only.

Then the degree 2, comes for 11 nodes. Then 3 and 4 both comes from 6 number of nodes.
Then 5 comes from 3 and so on. We get this degree distribution as well as the average degree

of the of our network.
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We can save this report, we can copy this report or we can print this report, we close this
report right now and here we can see that this algorithm is run. We can also calculate the
average weighted degree, but since this is an undirected unweighted graph. The weight for

each edge and each node is one. So, the weighted degree is same to a as the average degree.

(Refer Slide Time: 16:16)

VD T () e [ 5 P
O owe | \%
)

vorpe1 x NPTEL

P aonh X
: L

oS s PO AT Gowmca B Nodes: 34
. s T

Weighted Degree Report

Undicted Gap
Deyree ul cted Gap

Minsze | 1 G| Maxsze| 4
Results: fites  Sttitics X

/ Aveiage Weighted Degree: 4568 Sedtings
Degree Distribution I Network Overview
p) i o Average Degee 458 tun ©

> tony | 1 A Vi Degre 4588 fn ©

Atrction it . L 203 45 67 B9 WU BLLBS LY
Adjstty zes f S — —
speed u m Sprin By opy Hsove a

Forse Aias L < Edge Overview
A PathLergth fun

v B =/ Dynarric
7 brestc. Reset Jw- [T - A & AilBod32 [ JH o=

Then we can also calculate the network diameter. Now, basically the diameter as already
discussed it is the longest shortest path. So, to in order to calculate the diameter we need to
visit the distance between the path between all the nodes that are present. So, while we are
doing that while we are visiting the path between all possible pair of nodes. So, Gephi while
doing that also calculates different centrality measure that is the Betweenness Centrality,

Closeness Centrality and Eccentricity.
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Since it is already visiting the path between each node. So, there are just some of the like
some of the options that we can provide that is either we want to normalize centrality between
0 and 1 and 1 and the graph is directed or undirected. So, for a directed graph, we can select
the option of undirected here where we consider the graph as undirected for the calculation of

the diameter.

But since we have the undirected graph we just have this option available for us. We press ok.
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And we see that the diameter of the of our network is 5 that is the longest shortest distance is
5. And the betweenness centrality distribution is coming out to be something like this that is

the value from 0 to maybe like 20 or 30 is coming out of or 1 and so on right.
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Then we have this closeness centrality distribution. And the harmonic closeness centrality
distribution. And the eccentricity distribution. Sorry, we close it and apart from diameter and
the weighted degree and the average weighted degree we can also calculate the density and

the other importance measure like hits or page rank.

So, density is again calculated using this density algorithm by running this algorithm since it
is an undirected graph we can select this undirected option here. And we see that the density
that is the number of actual edges that are present in the network divided by the possible

number of edges that can be present in the network.
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So, that value the density is coming out to be 0.139. We can also calculate the hits value that

is the hub and the authority scores of the of each of the nodes of our value of our graph. And

we see that this is basically the distribution of the hubs and the authority value.
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So, this basically tells us the importance of a particular node. The how authoritative that node
is or how much of a hub that node is based on this algorithm. We can also calculate the page
rank for each node. By simply using this by providing the different attributes of the paging

algorithm that is the probability of random work and the epsilon value we pass.
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We select ok and we see that this is basically the distribution of the page rank value, that we
are getting for all the nodes for this network. Then we can also see how many number of
connected components and they are there are present in our graph by simply running this

algorithm.
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Selecting the undirected option and we see since all the nodes are reachable by all the other
nodes that is there is just a single connected component present here. Now, we calculated
these metrics, now we can also rank our nodes based on these metrics instead of the degree
that we used. So, again we go to this color tab here, go to this ranking tab and now earlier we
were just getting the option of degree, but now if we just click on this drop down box, we are
getting the option a full we are getting a lot of options, because we already calculated a lot of

metric by running these different algorithms that were present.
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So, now we can we can basically modify the visualization of our graph based on these
attributes. For example, we select betweenness centrality here we apply it and the color
changes based on the value of betweenness centrality and the size also we might want to
change for the betweenness centrality here. Again the let us select a larger scale for our you
know graph sizes. And we can see that the betweenness centrality is higher for mister hi and

lower for officer. All the degree was higher for officer right.

And, now what we can do. So, right now we can see that these two nodes are probably
overlapping there are some other overlapping nodes as well. So, we can adjust now when we
have modify the sizes we can go to this layout tab. And we can adjust the layout by the sizes
of the node. So, we just enable this option we run it again. And we see that the graph is more

spread out and it is more easily visible. Now, let us just change this color palette a bit.
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So, that it is more easier to see, yeah. So, now, apart from this ranking and these different
metrics that can be created we can do one thing we can perform community detection here.
So, what is community detection. So, basically any community detection mechanism or
algorithm, it tries to find different groups in the network which are highly connected in like
the nodes inside a group is highly connected, when compared to the nodes between two

groups right.

So, we can perform community detection here by calculating the modularity values. So,
modularity is again a metric. We will not be going into detail of the modularity and
community detection here, but modularity is basically a value which tells us how
interconnected a community is and how less connected a community is to the other
communities. So, we run this modularity algorithm here and we just select some of the option

that are present to us.
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We select ok and we are basically we get basically all the modularity values associated with
the different nodes in our network. We close it and now we can use this modularity value to
perform a partition that is to perform the community detection mechanism. To do that we go
to this left hand side tab that we have and go into this partition tab. Now, we select like we

have different attributes here, according to which we can have different partitions.
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But we select this modularity class value. And we see that this algorithm it identifies four
different communities right. And each community is assigned with some color. This is like
the default color that is present here. We run this we just apply this partition value. And we
see that these are the four communities that are identified by the modularity value. If you
consider the modularity value that is this is one community this blue nodes these green nodes
are one community then we have one with pink and one with orange. So, these are the four

communities.

Now, a community can be like it can be of different things. So, for example, here in this
network the most basic community that we can think of are the two communities of the two
different professors, that is Mister Hi and Officer. So, in order to see these two ground truth

communities.
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We can select like in the partition module only we can select the club as the attribute. So, the
club is the already present node attribute, that we have in the ground truth we select this and
we apply these coloring here and we see that now we have just two communities these are
basically the ground truth communities, where these nodes belong the green nodes belong to
the Mister Hi club and these nodes belong to the Officer club. So, whereas, this is the ground

truth community detection.
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That is when we have the two communities, but if we select the modularity value we are
getting four communities with this kind of a partition right. Now, apart from partitioning the

nodes in this manner we can also perform some filtering.

Now, filtering can be done using this tab here. That we have on the right hand side. There are
different like there are very many options to filter the graphs and the networks and the edges
from we just show one example here where we go to the topology and use this degree range

for as one of our filters.

So, we just click on this degree range and drag it to the query box here. Sorry the filter box
here. And we select the range of the degrees that we want to be shown on our screen. So,

suppose we want that all the node that have degree less than 4 to not be shown as our as a part
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of our network. So, we select the lower value the lower bound of the degree as 4 and we click

on this filter function.
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And we see and we see that all the nodes that have values less than 4 are now vanished from
our screen. And we can only see the nodes that have a degree of greater than 4 in the original
network. Not here this mister hi may have or this node may have a degree 2, but in the

original network it had a degree 4 or greater than 4 right.

Now, apart from this partitioning, filtering and layout and ranking mechanism. The last thing
that we might want to do with in Gephi is to now to after all the processing of the all the
analyzing that we have done. We might want to save this graph in a way that we that the
visualized network can be used in maybe our report or any other system. So, in order to do

that we go to this preview tab on the top.
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And we select the different attributes of how we want our network to look like when we save
it. So, these default options we just refresh our system and we see that this is the kind of
network that is coming right now. We might want it to be the lines to be straight. So, we

select the default straight option here then again we refresh it.
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And we can see that the edges are straight and we also have the labels here. We might not
want to have these labels we can select we can like disable this option of show labels in this

node label option here. Then again refresh it and we do not have the labels anymore. We there

might be a case where we want to increase the thickness of the edges.
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So, for example, 30 here and we refresh it. And it is quite big. We might want to do it 5 here
and refresh it and we have a big like you know thicker edges that we have right. Let us just

make it even thinner maybe 2 is fine yeah

Then we can show the labels we can have it in proportional size. We can also shorten the
labels that instead of a whole officer or mister hi coming we can shorten the label and select

the character as probably 3. And we see that only three a characters for each labels are shown.
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We can select the different font and the different size of the font that we want. So we select a
font, we do this and we can have it like this. So, let us just disable the show label option here
we have a graph like this then we have other functions for example, the edges arrow for a
directed graph. It will have an arrow for we if the edges also have some kind of attributes
associated to it. We can also have those labels shown on the network and so on. Finally after

we are satisfied with this preview of the network, we can save it in eithersvgpdforpng

format.
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By using this export functionality here. We select this and we simply just like we name our
graph some way we just name its sample here. And we select the types for example, let us
select an s v g type and we just press on save. And then if we just go to the location where we
have saved it. We see that we have this sample at s v g here we click on it and we can see that

we have this graph with us which can be open in this like this an any h m | format h m 1

supported software right.

So, today we I gave you a very brief overview of the Gephi software. So, this was just to get
you started and get you motivated towards using the software. Of course, there are a number
of more options a number of more different tweaking and the things that you can try in the

software for the visualization for the analysis as well as for the preview aspect of the things.
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And I would encourage you to have a look of all these different attributes on your own and

explore the software.

Thank you.
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