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So in the previous video I had told you that we'll be using a new package for graph theory it is
called as NetworkX, so what I'm going to do is I'll be importing that, so I will give import
NetworkX,
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In [27]: import networkx

In [28]: |
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so now this package NetworkX has got loaded.

Now what I'm going to do is we'll be first aiming at creating a graph G, so what [ do is G =
networkx.graph and two brackets like this,
(Refer Slide Time: 00:44)
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In [27]: import networkx

B

In [28]: G=networkx.Graph()

so this says that the graph G has got created. Now once the graph G has got created it does not
imply that there are nodes and edges, we have to add them one by one, so what I'm going to do
now is I'll add at the nodes, so G.add node, please note all these commands are, we’ll be using
all these commands very frequently from now onwards, G. add node, and then bracket I sayl,
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[n [27]: import networks
[n [28]: Genetwarkx.Graphl)

[n [29]: G.add_nodef1}|
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this means that node 1 has got created, I go ahead, now 1 has got created I will do the same for
the rest G.add node say 2, I've added node 2, next G.add node say 3, ['ve added 3 nodes now,
let me do a few more G.add node say 4, and then G.add node say 5, yes, so I've added 5 nodes
here, now if you want to see the list of all the nodes which are added what I'm going to do is G.
nodes and then just these brackets will give you this one node view 1, 2, 3, 4, 5 these are the
nodes we have added now.

(Refer Slide Time: 02:18)

D5 Ee bOOGE =G B EOX FAed v 11
=] Camssle Uk ii!]

In [27]: iepori networkx

In [28]: G=network<.Graphi}

In [29]: G.add_nodefl)

In [38]: G.add_node(Z)

In [31]: G.add_node(3)

In [32]: G.add_nodeid)

In [33]: G.add_node(5)

In [34]: G.nodes()

Out[34] - NodeView{(1, 2, 3, 4, 5))

|
In [35]: |
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Now we have added nodes now what remains is to add edges, so what we are going to do the
command for that, yes you must be guessing it rightly G.add edge, this adds edge between the
vertices which you have given already, and which you are going to select now within this
bracket, you see here U of edge, V of edge, do you see this?

(Refer Slide Time: 02:44)
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In [27]: import networkx

In [28B]: G=networkx.Graphl}
In [29]: G,add_node{l]
In [38]: G.add_node{2]
In [31]: G.add_node{3]
In [32]: G.add_node{4]
In [33]: G.add_node(5]

In [34]: G.nodes()
Out[34]: MNodeViewidl, 2, 3, 4, 5))

In [35]: G.add_edgeil,|
Wrgaenls
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So it says that you have to give vertices, you have to mention vertices in this bracket, now like
this so what I'm going to do now? Enter yes, so this has added the edge 1, 2 so between 1 and 2
these vertices and edge has got added just like how we added nodes we will be adding vertices
now, so G.add_edge let me add one more 2, 3, G.add_ edge 3, 4, G.add_edge 4, 5.
(.Re_fer Slide Time: 03:27)
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In [27]: import networkx

In [2B]: G=networkx.Graphl)
In [29]: G,add_naded1]
In [38]: G.add_noded2]
In [31]: G.add_noded3]
In [32]: G.add_naded4]
In [33]: G.add_node{s]

In [34]: G.nodesi)
Out[34]: NodeView((l, 2, 3, 4, 51}

In [35]: G.add_edgedl,2}
In [36]: G.add_edgd{2,3}
In [37]: G.add_edged3, 4}
In [38]: G.add_edgeid,5)|
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Now I have added say 4 edges here, just like how we displayed the nodes we can display the
edges too, so it will be G.edges and same like that, yeah, do you see something? Edge view (1,
2)(2,3) (3,4) and (4, 5) it displays all the edges that I have added till now.
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In [29]: G.add_nodel1) iy
In [38]: G.add_nodel2)
In [31]: G.add_nodel3)
In [32]: G.add_node(d)
Tn [33]: G.add_node(S)

In [34]: G.rodes()
Out[34] : Modeview({l, 2, 3, 4, 5})

In [35]: G.add_edgel1,2)
In [36]: G.add_edgel2,3)
In [37]: G.add_edgel3,4)
In [38]: G.add_edgeld,5)

In [39]: G.edges()
Out[39] : EdgeViewl [(1, 2}, (2, 3}, (3, 4}, (4, 5)]

In [48]:

9-700 aBEBO2%O®D

Now let me show you something like this G.add edge, see once you have completed adding
your edge it does not mean you can add, you cannot add any more edges you can always do
that, but what is the best part here is if I give something like G.add edge say 1, 6, do you see
that vertex 6 or node 6, I have not added here, G.add node 6 is not there, but still when I give
this command G.add edge 1, 6

(Refer Slide Time: 04:29)
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In [29]: G.add_nade(l]
In [38]: G.add_node(2)
In [31]: G.add_nade(3)
In [32]: G.add_node(4]
In [33]: G.add_nodei5)

In [34]: G.nodesi)
it [34] : ModeView((1, 2, 3, 4, 5))

In [35]: G.odd_edgeil,2]
In [36]: G.add_edge(2,3)
In [37]: G.add_edge(3,4)
In [3B]: G.odd_edge(d,5]

In [39]: G.edgesi)
Qut[39] : EdgeWdiewi [{1, 2}, {2, 3}, (3, 41, {4, 5}]}

In [48];: G.add_edge(l,61

o000 s B3RO gC L P W
the note gets automatically created which one? 6, the node 6 gets automatically created and then
creates this edge 1, 6.

So let us do that, now let us just check G.nodes, see do you see 6 here
(Refer Slide Time: 04:51)
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In [29]: G.add_nodeil)

In [38]: G.add_nodel2)
In [31]: G.add_node{3)
In [32]: G,add_node(4)
In [33]: G.add_nodels)

In [34]: G.nodes()
Out [34] ; NodeView((1l, 2, 3, 4, 5])

In [35]: G.add_edge{1l,2}
In [36]: G.add_edge(2,3)
In [37]: G.oadd_edgedd, 4}
In [38]: G.add_edgeid,5}

In [39]: G.edges()
Out [39] ¢ FdgeViewi [{1, 2¥, (2, 3), (3, 4}, (4, 511}

In [48]: G.add_sedgell,&}

In [41]: G.nodes()
Out[41] : NedeView((l, 2, 3, 4, 3 6l

In [42]:




so the nodes are 1, 2, 3, 4, 5, 6, the node 6 has just now got created.

Now let us check the edges do you see 6 has got added here,
(Refer Slide Time: 05:03)

In [38]: G.add_edge(4,5) A
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In [39]: G.edges()
Out[39]: EdgeView([(1, 2), (2, 3), (3, 4), (4, 5)])
In [40]: G.add_edge(1,6)

In [41]: G.nodes()
Out[41]: NodeView((1, 2, 3, 4, 5, 6))

In [42]: G.edges()
Out[42]: Edgeview([(1, 2), (1, &), (2, 3), (3, 4), (4, 5)])

In [43]:

so(1,2)(1,6)(2,3)(3,4)and (4, 5) so these are the edges in our graph, so now every time |
have to use networkx.graph if you remember this was the initial command which how we
started, do you see this input line 28

(Refer Slide Time: 05:28)
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In [27]: import networks

In [28]: G=networks.Graph()y
In [29]: G.add_nodel(l)
In [38]: G.add_node(2)
In [31]: G.add_node(3)
In [32]: G.add_node(4)
In [33]: G.add_nodel(5)

In [34]: G.nodes(}
Out 134]: NodeWiewl(1, 2, 3, 4, 5}]

In [35]: G.add_edge(1,.2)
In [36]: G.add_edge(2,.3)
In [37]: G.add_edgei3, 4)
In [38]: G.add_edge(d,5)

In [39]: G.edgesi}
Out[33]: EdgeView([(1, 21, (2, 3}, {3, 43, (4, 310}

In [48]: G.add_edge(1,6)

9200 all@BORO®E
so each time I have to do this it becomes difficult for me to type this entire word NetworkX, so
what I'm going to do now NetworkX graph like this,
(Refer Slide Time: 05:39)
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In [39]: G.edges(} .

Jut[39]: Edgeview([i1, 2), {2, 3}, {3, 4), (4, 511}
In [48]: G.add_edge(l,6)

In [41]: G.nodes(}h
Jut [41]: HodeView((1, 2, 3, 4, 5, &)}

In [42]: G.edges(}
Jut[42]: Edgeview([(1, 21, {1, &), (2, T}, (2, 41, {4, 5}])

In [43]: G.networks.GraphEl|




what I'm going to do is so each time we have to use this NetworkX like this G =
networkx.graph

gRefer Slide Time: 05:50!
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[n [38]: G.add_edgeid,5)

[n [39]: G.edges(}
ut[39]: EdgeView([(1, 2}, {2, 2}, (3, 4), (4, 5}]]

In [48]: G.add_edoe(l,6)

[n [41]: G.nodes()
Jut[41]: Modeview((1, 2, 3, 4, 5, B))

In [42]: G.edges()
ut[42]: EdgeView([(1, 21, 11, &), (2, 31, (3, 4}, (4, 511}

[n [43]: G.networkx.Graph()
lraceback Imost recent call lasth:

File "=ipython-input-43-4883tb35TTBb=", line 1, in <nodule=
Gonetworks, Graphi )

sttributeError: "Graph' object has no attribute 'networks"

In [44]: 1

In [44]: G=networks.Grap

A . o T (N ‘Al { j
you see [ had already used it before in the first line here do you see that I have to type

NetworkX again and again, right, so what I'm going to do instead of that is I directly import
NetworkX as NX
(Refer Slide Time: 06:14)
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In [44]:

In [44]: G=netwarks,Graph()

In [45]: import networks as rmlI

so I'll be using NetworkX as NX from now, 1t's a short form and it becomes easier for us that
way.

So now if I have to create a new graph let's say H = nx.graph I need not type NetworkX again
so H = nx.graph, this graph H has got created,
(Refer Slide Time: 06:40)
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In [44]:

In [44]: G=networks.Graph()
In [45]: import networkx as nx]
In [46]: H=nx.Graphl)

In [47]: |

f .
so do you see the 1mportance and 51gn1ﬁcance of NX so from now on instead of NetworkX

typing NetworkX we will just say NX, so we have created the graph G and H, let me just go
back to G.

Let me show you what are the nodes G.nodes, nodes in G are 1, 2, 3, 4, 5, 6 and G.edges, so
this will show you all the edges till now (1, 2) (1, 6) (2, 3) (3, 4) (4, 5), so these are the edges
please cross check

(Refer Slide Time: 07:13)
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In [64]: G,nodesi) a4
Out64]: NodeViewi{l, 2, 3, 4, 5, 61}

In [65]: G.edgesd)
Out165]: EdgeView([l1, 2], 11, 6], {2, 20, (3, 4], (4, 5]

In [BB]:

0L alBBOTROMAOTgC P -¥

Now you have the graph there but you want to visualize it, right, you want to see the actual
graph, so at this point what are we going to do? We are going to use another new library called
the mat plot lib, it will be clear with you as we use it, so what am I going to do, we are going to
use that package as by importing it, so import mat plot lib, so did you see this?

(Refer Slide Time: 07:44)
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In [64]1: G.nodesi) i
Out[64]: NodeView{l1, 2, 3, 4, 5, 61}

In I65]: G,edges{)
Ouwt [65]: Edgeview{[l1, 2], (1, &), 12, 3], {3, 4], {4, 5)])

In [B6]: import matplotlilb

Import mat plot lib, but I am going to use only pyplot this is the sub package what I am going to
use, so matplotlib.pyplot this is very relevant to us,
(Refer Slide Time: 7:55)
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In [64]: G.nodesi] iy
Dut[64]: ModeView{{l, 2, 3, 4, 5, 61}

In [65]: G.edges()
Dut[65]: EdgeView!{[[1, 21, (1, &], 12, 3), 13, 4), {4, 5)])

In [GB6]: import matplotlit. pyplot;




and then it becomes difficult to type this entire phrase matplotlib.pyplot every time, and hence |
import this as PLT, you see PLT is much easier than typing this entire thing.

So now this package has got imported, so what are we going to do, nx. networkx., now we are
going to draw the graph so you're going to give the command draw, what are you going to
draw? G, the graph, do you see the graph here,

(_Re_fer Slide Time: 08:32)
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In I64]1: G, rodesi) liu

OQutl64]: ModeVWiew{{1, 2, 3, 4, 5, &})

In [65]: G,edgesi)
Out[65): EdgeView{[[1, 21, (1, &1, 12, 3], {3, 4], {4, 5)])

In [B6]: import matplotlib.pyplot &5 plt

In [67]: nec.drawi{G)

In [B8]:

but we don't know which vertex is 1, which vertex is 2, and so on, so what are we going to do?
The immediate need for us is to label the vertices, right, so we are going to label the vertices
using the command nx.draw in brackets G, you want labels, right, so G with labels, with _labels
=1, so what does this mean? It's going to draw G with labels this command is true, why? I have
given one here, so this becomes true and the graph gets labels, do you see this? (1, 6) (2, 3) (4,
5)

(Refer Slide Time: 09:24)
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In [68]: nx.draw(G,with_labels=1) RO

so we have now obtained our graph with labels, so now as a practice we're just going to create
another beautiful graph, so what we have to do is NetworkX has already got imported, so we
need not import it again, so we can directly start adding our edges and creating the graph, so let
me just create a new graph before that you see we have all these commands here, so I just want
to remove all of them and have a new screen, what I'm going to do is I'll give this command
clear, with this command everything gets cleared and you get your new input length start typing
your commands here, so you see we have already imported NetworkX we need not do it again,
so what I'm going to do is let me create a new graph say Z, Z = NX, we had imported it as
NetworkX, nx.graph like this,

(Refer Slide Time: 10:26)
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In [78]: Z=nx.Graph()

In [79]: | ]

so now the graph has got created, what do we have to do next? We have to add edges and
nodes, so what I'm going to do is Z.add _node as 1, and then Z.add node 2, and then
Z.add_node 3, let us take a few more Z.add _node 4, and then Z.add node say 5, and then
Z.add node the last one 6,

(Refer Slide Time: 11:12)
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In [7B]: Z=nx.Graphi)

In [79]: Z.agd_node(1)
In [8@]: Z.add_node(2)
In [81]: Z.add_node(3)
In [82]: Z.add_node(4)
In [83]: Z.add_node(5)

In [84]: Z.add_node(6]|




so we have added 6 vertices, let us just list them all, Z.nodes in brackets, so this is giving all our
nodes here.

In
In
In
In
In
In

In

In

(Refer Slide Time: 11:26)
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[78]: Z.add_node(1)
[B@]: Z.add_node(2)
[B1]: Z.add_node(3)
[B2]: Z.add_node(4)
[83]: Z.add_node(5)
[84]: Z.add_node(d)

[B5]): Z.nodes()

Out[85]: ModeView{(1, 2, 3, 47 5, 6]}

[BE] :
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Now let us add some edges Z.add edge say (1, 2), again Z.add _edge say (2, 3), for simplicity
you can always use your up arrow and get the command like this
(Refer Slide Time: 11:44)
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In [79]: Z.add_node(1)

In
In
In
In
In

In

Out[B5]): Modeview({(l, 2, 3, 47 5, 6]}

[BB]: Z.add_node(2]

[B1]): Z.add_node(3)

[B2]: Z.add_nodeid)

[83]): Z.add_nodel(5)

[B4]: Z.add_node(d)

[85]1: Z.nodes(}

In [B6]: Z.add_edge(1,2)

In [B7]: Z.add_edge(2,3)

In [B8): Z.add_edge(2,3))

ll]

Hy!
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and then go back to your bracket and change what you had to write tﬂ;re, so (1,2)(2,3) I have
given, then let me give (2, 4) and then again (2, 5), so do you observe what I'm doing, I'm just

giving all edges as connected to do, so (2, 6), yes

(Refer Slide Time: 12:09)
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In
In
In
In
In
In

In

In
In
In
In
In

[78]:
[79]:
[ga]:
[81]:
[82]:
[83]:
[84]:

[85]:
Out [85]:

[86]:
[87]:
(B8] :
[89l:
[9e]:

Z=nx.Graph{}

Z.add_node(1)
Z.add_nodel2)
Z.add_node(3)
Z,add_node(4d)
Z.add_node(5)
Z.add_node{6)

Z.nodes()
Modeview( (1, 2, 3, 47 5, 6)]

7.add_edge{1,2)
Z.add_edge(2,3)
Z.add_edgel2, 4)
Z.add_edgel2,5)

Z.add_edgelZ,6)

1

iy
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so let me check all the edges now, Z.edges brackets, yeah, (1, 2) (2, 3) (2,4) (2,5) (2, 6) do you
see all the edges and the nodes here.
(Refer Slide Time: 12:26)
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In [82]: Z.add_node(d)
In [83]: Z.add_nodel5)
In [84]: Z.add_node(d)

In [85]: Z.nodes()
Out[85]: NodeView((1, 2, 3, 4, 5, 6))

In [B6]: Z.add edoell,2]
In [87]1: 7.add_edge(2,3]
In [88]: Z.add_sdgai2,q)
In [89]: Z.add_edgel2,5)
In [98]: Z.add_edgel2,&)

In [91]: Z.edges()
Out[91]: EdgeView([{1, 2}, (2, 3), (2, 4), (2, 5}, (2, &]1])

In [92]:

kG~ Enciding: UTF-3

100 aBBR0RO®D™ 9 C

So now let me draw the graph we have already imported back plot libs, so we need not do it
again, so what I'm going to do is nx.draw this was the command to draw a graph Z, whatever
you have labeled your graph as you need to give that inside here, nx.draw Z, do you see
something this beautiful graph here,

(Refer Slide Time: 12:49)
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L. add_edge(2, 4]
In [89]: Z.add_edge(2,5]
In [98]: Z.add_edgel2,&)

In [91): Z.edges()
Out[91]: EdgeView([{1, 2}, 12, 3, (2, 4], {2, 5), (2, G)])

In [92]: nx.draw(Z)

In [93]:

1000  aBlBROTROAA T 9C P =¥
but again as you remember we need to add labels in case we need the labeled vertices so what
I'm going to do is nx.draw it's all small its case sensitive, please note that nx.draw Z with labels
=1, so this is true labels it means that [ am going to give my labels now, let us see the graph,
yes,

(Refer Slide Time: 13:18)
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In [93): nx.draw{Z,with_labels=1)
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In [94]: |




so 2, this vertex 2 is connected to 1, 3, 4, 5 and 6, did you see this beautiful graph? So you can
just play around like this and create more graphs by randomly adding nodes and vertices, so
you see we have got this graph here but don't you feel that this red color is quite boring to see
always, so let us change the node color to something else, how do we do that? Yes, so you give
nx.draw as earlier the graph was Z and then with labels as true, and then here what do you have
to do is node color, node color = n codes you give B, B stands for blue, let us see, did you see
that we have got blue color nodes here, isn't this very interesting

(Refer Slide Time: 14:15)
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[n [94]: nx.drawlZ,with_labels=1,node_color='b"})

?
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[n [95]2 |
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now let me change the node color say to G, green,
(Refer Slide Time: 14:23)
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In [95]: nx.draw(Z,with_labels=1,node_color="g")

In [96]:

where we've got green color nodes here.

Now please don't give any random color and try and you'll end up getting an error you see you
have to give some standard colors, and you see these beautiful nodes.

Now let me clear my screen, yeah, so now we are going to start with a new topic, what am [
going to do now? We will see you every time import your NetworkX as NX and you add edge,
you create a graph, you add edge, you add nodes, don't you think this is a very tedious process
suppose you want to draw a graph on say 25 or say 100 nodes, can you manually sit and add all
your edges every time? No, it's just impossible, so there are various methods to create the graph
one among them is using the built-in functions which comment with NetworkX, so what is it?
You see we have seen some standard graphs like a complete graph, a path graph, and then a
cycle, so we can do that just with a one-line code.

So let me import NetworkX as NX, now I'll start doing it, let me see K = nx. you see

complete graph and in brackets you have to now give how many nodes you wanted on, let me
just give 5 to begin with, now your graph K has got created, nx.draw if you give in brackets, K
is your graph, do you see this graph on 5 nodes here this complete graph on 5 nodes.

(Refer Slide Time: 16:18)



In [188]: import networkx as nx |

In [1e1]: K=nxlcomplete_graph(5) il

In [102]: nx.draw(K)

Inm [183]:

Now let me just do another one, let me say L = nx.complete graph on let me say some 25, 25
nodes, and then let us see, visualize it using nx.draw and L,

(Refer Slide Time: 16:42) I |
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In [103]: L=nx.complete_graph{25)

In [104]: nx.drawiL]




do you see this complicated network here, isn't this very interesting to just play around using an
nx.complete graph give various number of nodes and then visualize the graphs.

Now let me make your life a little more complicated let me say M = nx.complete graph and let
me give some 70 nodes, and then nx.draw M,
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In [185]: M=nx.complete_graph{7a)

In [186]: nx.drawi(M)}

In [187]:
£ Permissions: AW End-ol-ings. LF  Encoding. UTF=8

do you see the structure here? You are not even able to identify the edges hidden in-between,
now what comes to our rescue now is another beautiful feature called layout, what does it do? It
helps us segregate the edges properly and visualize them clearly, so now I will give something
like this position POS, position = nx.circular layout, and what this circular layout of this graph,

okay, my graph is M not G,
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In [185]: M=nx.complete_graph(78) “i

In [186]: nx.draw(M) Hu:

In [187]: pos=nx.circular_layout{M)

Parmissions:  RW End-of-lines: LF

yes, SO NOw / I have glven this layout called circular, there are several other layouts we will be
seeing one by one, so position nx.circular layout M.

Now let me see how the graph looks like nx.draw and then the graph M, POS, so the graph
looks like this,
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In [110]: nx.draw(M,pos)

In [111]:

yes, did you see all the nodes are in the circular format towards the end of it like this, see it

becomes difficult if we have to each time use nx.draw as well as nx.circular_layout, well we

have a simplified command nx.draw _circular and in the bracket let me give M

(Refer Slide Time: 18:5[5) \

In [111]: nx.draw_circular(M) lq
iy

In [132]1: |

Permissions: RW




you see it just came with one command, you need not use 2 commands,
(Refer Slide Time: 18:58)
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In [111): nx.draw_circular{M}
In [112]:
" Fermssiore. @M Erd-gl-ines LF  Encoding. WTF- Lise B Colura | Mevsory 7
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well What I want to mention here is the significance of these built-in functions in NetworkX,
we'll be seeing more of them.

Let us now see another layout nx., oh I'm sorry, it is nx.draw_spring, there are some layout
called like spring, let us see how it looks
(Refer Slide Time: 19:23)
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In [112]: nx.draw
Dut[112]: =function networkx.drawing.nx_pylab.draw(G, possNane, axsNone, soxkowds)=>

I
In [113]: nx.draw_spring(M)

Fermissions: RW Ered-of-limes: LF Errood| g: UTF-&

do you see this is yet another layout or a visual feature of this graph, nx.draw, let me say
random, it's just going to give a random look to the graph, and M we get a random one like this.
Now nx.draw let me say spectral M,
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do you see how the graph is looking, so these are various layouts, we will be seeing more
functions in the next video.
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