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Lecture - 12
Tutorial 3: Introduction to NetworkX - Part 11

Hello everyone, welcome back to the tutorials associated with Social Network Analysis. So,
we have already seen how to get started with Python and Google Collab, we have also seen
how to get started with NetworkX. Today we will we will be diving deep into the NetworkX
library and will be seeing some of the network measures and how we can analyze networks

into different ways using the NetworkX library.
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So, what is a network? Basically any network is defined by the nodes and edges that it
contains right so, but to analyze the different properties of the network, we need to analyze
the different type of connectivity between these nodes and edges. In order to do that in
today’s tutorial we will be taking a sample undirected unweighted network and will be just
tweaking its properties and looking at what kind of attribute it contains in order to learn how

we can use NetworkX to analyze the graph.
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v Initialising a graph

So, the NetworkX library it provides us with a lot of sample graphs already present in it we
will use one such graphs known as the karate club graph. So, in this graph basically we have
34 nodes, where each node is associated with a certain club. So, there are total of two clubs in
the network and each node is associated with either of the one club then there are 78 edges
between these nodes and each of the edge represent whether the two nodes have a tie between

them that is whether the two people have interacted in the feud in the past.

So, the basic thing we will do first we will just import the NetworkX library, we will also
import the numpy library because we will be using it further we have imported the NetworkX
library with as an alias nx so, that it is easy to use just like we did in the previous tutorials
then in order to initialize a unweighted undirected graph with the karate club edges and

nodes.

We just simply call this karate club graph function of the NetworkX library and assign this
graph to an object G then we in order to just visualize the graph we call the draw function of
the NetworkX library and we visualize the graph. W e can see that there are some 34 nodes

with certain connections between them.
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Let us verify whether they are 34 nodes or not and yes as said there are 34 nodes ids from 0
to 33. Now the most basic thing about a node in the network is its degree. So, a node degree
is basically the number of edges incident on it right that is the number of connections it has
with the other nodes or you can also say that degree is the number of one hop neighbours of a

node.

So; obviously, in this undirected graph. So, in order to look at a degree of for example, say
the Oth node of our network, we simply call this function on our graph object that is G, we
call this degree function and tell it what which nodes information we want. So, for the Oth
node we pass G dot degree 0 and we run this and we see that the node Oth degree is 16 that is

there are 16 edges that are incident on the node 0.

Now in order to see the degree of all the nodes in the graph instead of like just looking at
each node one by one, we can simply call this G dot degree function without any parameter
inside it. So, we run this and we get a list of tuples. Now here each tuple basically each pair it
represents the node and its corresponding degree. So, we have for the Oth node we have

degree 16 for the first node we have the degree 9 and so, on.

Now, one interesting thing to observe here is that although we can see the degree associated
with each node in this list, but in order to visualize the graph based on this degree that is we
might want that a node which has a higher degree appear big in the network whereas, a node

with low degree appears smaller as compared to a higher degree node.
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So, then this NetworkX library although it provides only the basic functionalities for
visualization it does provide an interesting attribute inside this nx dot draw function. We can
provide it with a attribute called node size and in this node size we need to pass a list of the

node sizes associated with each node that is present in the graph.

So, here we just simply scale the size of each node based on the degree value of the node. So,
this part of the function call is basically just scaling each of the just scaling the size of the
node based on its degree. So, here we just call this G dot degree function for all the i nodes in
the graph and just since the degree is small. So, for example, we have 16. 9, 10, 6 these are

the degrees that we have, we need to just scale it a bit up.

So, that the graph is visible to us. So, we just multiply each of these values with a 100 so, that
all of the sizes are scaled up by 100. So, we can see the graph clearly and the other attribute
that we provide in this nx dot draw function is with labels that is we will be able to see the
graph with the nodes in proportion to the size of the value of the degree. And the labels that is
the id of the node that is 0, 1, 2, 3 that will be printed on the node.
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cp A GetingStartedpynb
= File Edit View Insert Runtime Tools Help

mx o +

~ Degree distribution

So, we just run this cell and we see that node 33, 32, 0 2 they appear bigger in size as
compared to these other nodes like 16, 15, 14 which are the periphery nodes with lesser
degree. So, this as you can see that the node 0 has 6 the degree 16 which is on the higher side
of all the degrees that are present in the graph. So, 0 appears bigger. So, for 33 the degree is
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also higher. So, let us just see what is the degree of 33. So, the degree of 33 is 17 and as

expected since 17 is greater than 16. So, 33 is appear even bigger than 0.

So, by visualizing the network like this we can just simply look and tell which of the nodes
has a higher degree and which of them has a lower degree. Now this one this was for the
undirected graph. Now for a directed graph a degree can be of two types that is in degree and
out degree. So, in degree is basically the number of incoming edges towards the node and out

degree would be simply the number of outgoing edges from the node right.

So, in this in today’s tutorial we will restrict our self to undirected graph so, that it is like we
will be able to cover more topics. So, moving forward. So, we saw the degree of each node
and the all the nodes in the present in the graph we might also need to plot the degree

distribution of the network.
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So, the degree distribution it is essential to compute sometimes to just compare different
kinds of network. So, as we already discussed in the theoretical section that a real world
graph it follows a power law in its degree distribution right. So, we can see such a

distribution or such a pattern by plotting the degrees in a histogram fashion.

So, let us just try to do that using NetworkX. So, first what we will do? So, let us just first

calculate the maximum degree that is present in our network. So, we just capture the whole

167



degree sequence that is the like all the degrees of all the nodes in this degree sequence

variable.
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How do we do that? We just call this degree G dot degree function which gives us a list of
tuple as we already saw. So, that is a list of tuple that is these n and d will capture the node
and its corresponding degree and for each degree that is there we simply put it in another

tuple just the degree part of it.

And then we sort it in a reverse manner and we take the maximum of this sequence. So, and
now we just print the max. So, let us just see yeah. So, we are getting the maximum as 17
which we already saw above that node 33 had the degree 17 and we are getting the maximum
as 17. So, now, what we will do is in order to plot the degree distribution what we need is
basically the unique values of the degree and how many times a node obtains this degree

right.

So, in this degree sequence which is like. So, let us just print this degree sequence and you
will be able to see what is it actually contains. So, let me just print it in a nice fashion yeah.
So, it is basically a list of all the degrees that is present in the network. So, we see that the
degree 17 is present once, degree 16 is present once and so, is the case for 12, 10 and 9, but

the degree 6 is present twice that is two nodes of the network has the degree 6.
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And the degree 5 comes 3 times, then the degree 4 comes the number of times then 3 2 and 1.
So, basically a degree distribution graph should show us the probability that if we consider a
random node from the network what will be the probability of it to have some degree right?
So, in order to do that we need to count the degree values. So, we call this np dot unique

function for this.

So, what it does? It will return us with this with basically a set of the unique values that is
present in this list. So, for example, 17, 16, 12, 10, 9 then 6 ones and 5, 4, 3, 2 and 1 these are
the unique values that are present in this list, but we also want that how many times these

value comes. So, we also pass this attribute that is return counts equal to true.

So, now we just see [FL] how does this degree sequence unique looks like. So, it is basically
a tuple of two arrays where the first array represents the unique values that we have that is 1,
2,3,4,5,6,9, 10, 12, 16 and 17 that is the unique degree values and the next array tells us
the count for each of the corresponding values that is the degree 1 occurs once, degree 2

occurs 11 times, 3 occurs 6 and so, on.

(Refer Slide Time: 13:34)
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Now, we will use this tuple to create our histogram now how to do that? We will need the
matplotlib library in order to just plot the bar graph. Now the x axis of the bar graph should
contain the degree values and the degree value is present in the first element of this tuple. So,

we simply pass the first element of the tuple as the x axis and the y axis of the degree
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distribution should contain the count of the degree values or the probability we will come to

that later.
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So, right now we just simply plot the count of the degree values which is present in the
second element of this tuple. So, we pass the second element here we just put some title in the
x axis label and y axis label and just show the network. So, this is basically our degree
distribution that we are getting that is the degree 2 comes the most amount of time whereas, 3
and 4 comes equally as we saw that the both comes for 6 number of times and followed by a

degree 5 6 and so, on.

Now we can instead of just you know plotting the exact values for the degree the exact

number of nodes we can also plot the probability.
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So, now how to calculate the probability? So, we just divide the count by the total number of
degrees total number of edges and nodes right. So, we just simply like take the sum of the of
all the degree values and divide by each of the corresponding value of the like the count of

the node that the degree comes in right.

But since the denominator is same the normalization factor is same, we will get the like the
graph would be similar, but here since it is probability. So, the sum of all these probabilities

would be 1 as expected.
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We plot this and we see that the distribution is same, but now the values for each of the each
of the degree is restricted between 0 and 1 since its a probability. So, now, if we by looking at
this graph we can see that if we randomly take consider a node from the network, the
probability that it that the corresponding degree for that node is 2 is the highest and followed
by 3, 4 and so, on.

Now apart from the degree and the degree distribution, another metric which helps us to
understand the connectivity of the node or more importantly the local neighborhood of the
node that is how much a nodes neighborhood is connected to like one another it is called

clustering coefficient.

(Refer Slide Time: 16:44)

So, basically clustering coefficient what it tells is, it tells us that how much the neighbours of
the node are connected. So, it uses a very simple formula that is the number of actual edges
that is present between the neighbour of a node and we divide this number with the number
of possible edges that there can be. So, we basically want to see that out of these possible
edges how many edges do we actually have in order to see how connected are these

neighbours?

So, before using the NetworkX implementation, first let us see whether the whether our
intuition of the clustering coefficient matches with the values that we are getting. So, first
what we will do is we will get the. So, let us like in this example let us consider the node 0

and let us try to calculate the clustering coefficient of that node.
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So, the first thing would be to get the one hop neighbour sub graph, that is a graph where all
the one hop neighbours of the node 0 are present the node 0 w not be present and then all the
edges between the neighbours of 0 will also be there in the graph. So, this is basically called
the one hop this is basically called the ego graph. So, in the ego graph the main node will be

present and all the one hop neighbours of that node will be present.

So, we can get this ego graph by calling the nx dot ego graph function we pass the net the
graph from which we want to get the ego graph then the node for which we want the ego net
and the radius that is we just want the one hop neighbour. So, we may pass the radius as 1
that is just go one length in the path and then these are just other attributes in order to you
know get the information correctly then we draw this one hop neighbours graph. So, that we

just we can see how does this look like.

(Refer Slide Time: 19:02)

So, here we can see that this is the Oth node of which this ego net is. And then we have all the
one hop neighbours of this node and the connections present between these neighbours ok.

Just to each other not the external connection that might be present between these neighbours.

So, we have this we just create the list of all the nodes that are present in it now in order to
calculate the clustering coefficient we do not need this node the main node for which the
clustering coefficient is to be calculated because we are just concerned with the connectivity

of the neighbour of the node.
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So, we remove that node from the nodes list and what we do is now we just want the we also
want to remove these edges which are present between the node 0 and the other nodes. So,
either we can remove these edges one by one from this ego net or we can also call this sub
graph function between all the neighbour nodes. So, what this function will do is, it will just
return the nodes and the edges present between the list of nodes that we pass to this function.
So, this list basically contains all the one hop neighbours of the node 0 except the node 0 of

course.

So, we create this in the sub graph one hop neighbour sub graph and we draw this here. So,
let us see how does this look like. So, we see we get these four components to us. So, here
you can see that this 1, 7, 2, 13 3 this basically comes from this side 1 7, 13, 2, 3 and so, on

this 10, 5, 4, 6 comes here and then we have this 31 and 11 two isolated components with us.

(Refer Slide Time: 21:01)
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Then the number of actual edges that is present between these neighbours or this one hop
neighbours we can get that by calling the dot edges function on this sub graph. We calculate
the length of the this tuple that we get sorry we calculate the length of this tuple that we get
and assign this value this length value that is the number of these edges to an actual edge

variable.

Then basically the total number of nodes would be the length of node and all the possible
edges would be nC 2 that is we take all the possible pairs of the nodes and if there is an edge

consider an edge between them. So, we use this formula to calculate the possible edges and
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the actual edges and let us just print it. So, the actual edges that are present in the node are 18
whereas, according to the number of nodes that are present here they can be a total of 120

edges that can be present here.

Now, based on the formula for clustering coefficient, we just divide this actual edges with
possible edges and print the value here and we see that the clustering coefficient for the node
0 is coming out to be 0.15. Now NetworkX also provides us with the function to calculate the
clustering coefficient the function is called clustering and we pass the graph and the node for
which we want the clustering coefficient to this function and we print it and we see that as we

calculated the clustering coefficient for node 0 is coming out to be 0.15.

(Refer Slide Time: 22:48)
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We can also calculate the clustering coefficient of all nodes in the graph altogether by simply
calling the nx dot clustering function on the node on the whole graph G. We calculate this and
we are returned with a list of the clustering coefficient where the keys are the nodes and the
values are the clustering coefficient corresponding with each of these nodes. So, we see that
the Oth node has a clustering coefficient of 0.15 and the 33 node has a clustering coefficient

of 0.11.

And we already saw that how it is calculated intuitively. Now we can also just like we did
with the degree function we can also scale the size of the nodes of a network using the

clustering coefficient value. So, we calculate the clustering coefficient for each of the node
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that is present in the graph and since the clustering coefficient is even smaller than the degree

right since because it will lie between 0 and 1.

(Refer Slide Time: 24:00)

So, we just multiply it we just scale it up with like the value 1000 and we draw the graph and
we see that the that the nodes with higher clustering coefficient are now appear to be bigger

whereas, the nodes with lower clustering coefficient appearing to be smaller.

For example, here you can see 11 and 9. So, their clustering coefficient might be close to 0
right. So, here you can see that 9th clustering coefficient is 0 and 11th clustering coefficient is
also 0. So, that is why this side there is no basically there is no node that can be seen for these
two these two ids of the node. Now moving on from clustering coefficient. So, it clustering

coefficient basically told us about the local neighbourhood of the node.

Now we might want to see how the node looks like globally in the structure of the network.
So, in order to do that there is something called centrality measures. So, basically these
measures they tell us how central the node is or how important the node is based on different
attributes of the node. So, first let us consider the most basic attribute that we have that is the

degree. So, based on the degree we can calculate the degree centrality of the node.

So, a degree centrality basically would tell us the number of connections of a node that is if a

node is well connected in the network that is it has a higher number of one hop neighbours,
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then that node will have a higher degree centrality. So, in order just. So, there can be different

methods to calculate this degree centrality.

So, one of the method that we might have discussed in the class is the is when we divide the
degree of the node of the concerned node for which we want to calculate the centrality value
with this maximum degree that is present in the whole network right or the other way is that
we simply divide the degree of the concerned node with the total number of nodes or total

number minus 1.

So, the normalization factor might not matter much because the same normalization factor
would be applied to all the degrees to all the nodes of the network. So, the scaling would be
proportional only. So, NetworkX uses this second formulation. So, in order to get the values
similar to NetworkX we will be using this formulation. So, what we will do is, we will
simply first we will also in this example also we will take the instance of the node 0 and

calculate the degree centrality for the node 0.

So, we first calculate the degree of the node 0 which is the numerator in any cases then what
we do is we calculate the total number of nodes that are present in the graph by simply taking
the length of the graph and passing it to the variable n and then we print these two values and
we see that we already know that the degree of node 0 is 16 whereas, the total number of
nodes there are 34. So, using this second formulation that we have we calculate the degree

centrality.

(Refer Slide Time: 27:34)
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We say the numerator is simply the degree of the node 0 and the denominator is the is n
minus 1 that is total number of nodes minus 1 and we print this degree centrality. We see that
we are getting the value as 4848 and the NetworkX also provides us with the degree
centrality measure we by simply calling this function degree centrality and passing it the
graph we calculate this and we see that the degree centrality for node O is actually 0.4848

which we already calculated by using our intuition.

Now this like discussed above like clustering coefficient this also gives us a dictionary of
values where the keys are the nodes and the values are the corresponding degree centrality

measures.
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So, we can see that since we know that 0 and 33 has the higher degree. So, 0 contains the
value of 0.4848 whereas, we can see all of the other values are less and for of the node 33 we
are we are getting the value of 0.5151 since the degree of 33 was 17 which was more than the

degree of node 0 which was 16.
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Again we simply scale the size of the nodes based on the degree centrality and it is quite
similar to what we were getting when we were scaling the graph based on the degree values.
So, again 0 and 33 they have comparable sizes with 33 being slightly bigger than 0. Now
while degree centrality told us like it indicated towards the measure of how locally connected
the node is that is how many immediate neighbours it has there is another thing known as

closeness centrality.
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That is if we look beyond the one hop neighbours then how close a particular node is to the
other nodes of the graph. So, closeness centrality basically tells us about the reach of a node.
So, this is basically the formula that we can use that is the total number of nodes minus 1
divided by the distance that is the distance between the 2 nodes u and v, the shortest distance
between the two nodes u and v whereas, v is basically the node for which we want to

calculate the closeness centrality.

Now we take the reciprocal of this that is the distance comes in the denominator and the
normalization factor that is N minus 1 comes in the numerator so, that the higher the value of
the centrality the more close the node is in the network. The this is simply the reason we just

take the reciprocal of this and yeah.

So, based on this formula we calculate it from scratch first. So, in order to get this N we just
simply calculate the length of the nodes that is the number of total nodes that are present in

the graph and we take the all these nodes in a variable called nodes.

Now for all these nodes we calculate the shortest path length from the source 0 since here
also we are taking the example of the node 0 and calculating the closeness centrality of that
node. So, we take the source as 0 that is we need to calculate the shortest distance from O to
all the other nodes in the network. So, we take the source as 0 and the target keeps changing

based on the based on all the other nodes that are present in the network.

So, we do not calculate like the self loop kind of thing that is we do not calculate the distance
between 0 and 0 we will calculate the distance between 0 1 0 2 till 0 33. So, we calculate the
shortest path length by calling the nx dot shortest path length function pass it with the graph

the source node at a 0 and the target node which will be taking different values.

And we simply add this distance to this variable called sum of degree 0. So, to get the
denominator this whole sum to get this sum we just do this. Now we print this value of n and
this distance. So, n is 34 we know there are 34 nodes in the network and the distance like the
sum of all the shortest distance from 0 to all the other nodes is coming out to be 58. So, we

print this.

And we use the for formulation that we already have to calculate the closeness centrality. We
print this and we see that the value of the closeness centrality for the node 0 is coming out to

be 0.5689.
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We use the inbuilt NetworkX function to calculate the closeness centrality of the whole graph

and we see for the node 0 we are indeed getting this value that is 0.5689 and yeah.

So, we and like the degree centrality or the clustering coefficient we are provided with a
dictionary where the key are the nodes and the value is the corresponding closeness centrality
value. Again we just scale the graph based on the closeness centrality values and we see that

almost all the nodes are getting a similar value for closeness centrality.
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This is because the graph is a connected component in itself and all the nodes are basically
reachable from all other nodes and if the connections of the graph are strong that is most of
the nodes are connected to the most of the other nodes or not directly connected, but may be

reachable. So, that is why the closeness centrality is almost similar for all the nodes.

Then comes the betweenness centrality. So, betweenness centrality basically what it tells is
that, how many times a particular node need to be passed in order to get from one node to
another node. So, that is how many times a particular node comes in between the shortest
path between any other two nodes right. So, we this is the formula basically that is the
number of times a particular node appears in the shortest path of the node divided by the total

number of shortest path present between the pair of node. So, yeah.

(Refer Slide Time: 34:57)

So, we simply here just see the NetworkX implementation to save our time and we see that
we can call the betweenness centrality function from the NetworkX library and pass it with
the graph G and it will also return a dictionary where the key are the nodes of the graph and

the values the corresponding betweenness centrality values.

Again we can scale our the size of the nodes based on the betweenness centrality values and
we see that the node 0 and 33 has a higher betweenness centrality whereas, all the periphery
nodes they have betweenness centrality close to 0 24 and 25 might have some betweenness

centrality, but these 11, 12, 17, 21 these are basically 0.
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So, let us just verify once the closeness centrality for 11 is indeed coming out to be the
betweenness centrality for 11 is indeed coming out to be 0. For 12 also it is 0, for 14, 15, 16,
17, 18 all of these are 0 and as can be seen from the visualization of the graph they are

invisible that is since the betweenness centrality is coming out to be 0.
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Then another interesting centrality measure or another interesting measure for to calculate the

importance of a node is pagerank. So, page rank is basically a mechanism that was suggested
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by Larry page of course, a co-founder of Google and it was basically used to rank the web

pages of a search result right.

So, here in the domain of networks we can use this formula to calculate a ranking or the to
gauge the importance of all the nodes that are present in the networks. So, if we consider like
the nodes to be web pages, then the importance of a node would be like to the importance of a
web page. Now this is a recursive form recursive algorithm that is the importance of a

particular node will depend on the importance of its neighbours.

So, we I will not go into the depth of the of the algorithm, but I will focus on the fact that
NetworkX provides us with the calculation of the pagerank of each node by simply a very
simple one line function call. So, we call this pagerank function on the graph G and we see
that it returns us with a pagerank value that is a prestige value or a value of importance for
each node that is we can see that the node 0 has the page rank value of 0.097 and whereas, the

page rank for 1 2 and 3 are smaller.
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And the node 33 which was highly connected to the nodes has the highest page rank value of

0.1009; we can again just scale the size of the node based on the page rank value.
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And we see that the node 0 and 33 are bigger in size since they have a higher page rank

value.
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Diameter of a network

And we have other apart from these centrality measures we can also have other helper

functions that is we might want to see the diameter of the network.

So, basically a diameter of the network is the longest shortest path that we have that is if we

calculate all the shortest path between all pairs of nodes. So, the farthest distance between
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any pair of node that would be the diameter of our network. So, first we just see all the
shortest path between all the nodes. So, for the node 0 we have the path between node 0 and 0
as Othen O and 1 as 1.

Similarly, for 0 and 2 asl and so, on we get this tuple of dictionaries. Now in order to
calculate the diameter we call the NetworkX function diameter and pass the graph G to it and
we see that the longest distance between any two pair in our network is 5. So, the diameter of

our network is 5.

(Refer Slide Time: 39:33)
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Then again we can also calculate the density of the graph, that is the number of actual edges
that are present divided by the number of all the possible edges that there can be in the graph

in order to see the how dense the network is.

So, for the our particular karate club graph we are getting the density as 0.13 then the other
thing that we can see are the number of connected components that is whether do we have
any isolated nodes or isolated component graph basically two sub graphs in our network

which are not connected by any edge.

So, we see here and we get a connected component of 1 that is each node is reachable by all

the other nodes.
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And finally, we can calculate the cliques that are a sub graph which is basically like they all
the nodes in the subgraph are connected with each other. So, we discussed a lot of network
measures from NetworkX, but there are a number of more attributes that can be explored in
the NetworkX library and I would leave it to you to explore all the other components like in

the further classes.

Thank you.
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