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Cascading Behavior in Networks

Lecture - 100
Coding the Fourth Big Idea — Cascades and Clusters
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Let us now move on to the last programming screen cast where we are going to validate
this theorem experimentally that if there is a cluster of density greater than 1 minus q in
your network, then you can never achieve a complete cascade. What we are going to do

for this? We need certain parameters.
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Cluster of density > 0.6
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So, these are the parameters which we take. Let the payoff associated with your behavior
b which was your initial behavior on the network is 2 that the payoff associated with a
new behavior which is coming up in your network b 3. So, the value of q become equals

to 2 by 5.

So, you remember how did we calculate this q? So, you can actually go back and watch
it the value of q is as we calculated was b divided by a plus b which is 2 by 5 here which
is 0.4. What is it mean? It mean that in this network where initially everybody has
adopted this behavior b and now some people have adopted is behavior a. Now every
node will look at their neighbors and if 40 percent of their neighbors have adopted the
behavior a that particular node will also adopt the behavior a is what it means. And then
we are going to work with a particular graph. So, this is the graph we are going to work

with.

So, as you can see that in this network, here is a cluster and the density of this cluster is
greater than 0.6. So, you can also validate it density greater than 0.6 means if you look at
every node in the cluster whether it be node 7, 8, 9, 10 or 11; 60 percent of their
neighbors should be inside this cluster only. So, for example, this node 8 here has how
many neighbors? 1, 2, 3, 4, 5, 6; it has 6 neighbors. And out of the 6 neighbors, 4 belongs

inside this community.



So, 4 by 6 is 2 by 3 and inside this it is own community which means greater than 60
percent. Node 7 has all its nodes inside the same cluster, 11 has all its nodes neighbors
inside the same cluster and nodes 9 and 10 also have 60 percent of their neighbors inside

this cluster.

So, we are going to take this network and after taking this network, we will you
experimentally validate that no matter from which ever nodes you start your cascade
outside this cluster. So, your cascade should start outside this cluster will start our
cascade from some set of nodes which lie outside this cluster. And then we will see that
you can never achieve a complete cascade. Your cascade will not be able to impact any

of these nodes number from 7 to 11. So, we now code it and see.

So, for coding we are going to make this graph manually. We want to work with this
graph because here we clearly know that we have this cluster. This is the set this set as a

density greater than 0.6.
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So, let us make a graph first. So, I will create a file here let say create underscore graph

dot py.
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import random

» G=nx.Graph()

G.add edges from([(0,1),(0,6),(1,2),(1,8),(1,12),(2,9),(2,12),
=] (3:4),(3,9),(3,12),(4,5),(4,12),(5,6),(5,10),(6,8),(7,8),(7,9),
=¥ (7,10),(7,11),(8,9),(8,10),(8,11),(9,10),(9,11),(16,11)])

And you can you can whatever edges I am going to type here, you can actually go back
and match it with the figure which we have seen with the graph which we have seen
previously. So, import networkx as nx and then import random and then G equals to nx
dot graph and then I am going to put here edges and these edges are going to be
absolutely the edges which where there in the figure.

So, these are the edges which we have added in this graph you can go back and match it
with the figure which we have been previously. So, here we are getting this graph, we
have this graph. Here only in this file only we are actually going to implement a third

idea.
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import neq wme deadpy

import rat _ *

G:nx.Grapr lém_ ::‘\.’ '

G. add edg( ;',a::-»-:-u.-:\ W Pictures Saturday 12 Awpust 2017 |[2|| 12) .
(3J4]!{3JS i :J”Jg)r
S (7,10), (7, )

So, let us actually save it as from create graph instead we should save it as let us say idea

4 dot py. We are going to a forth idea here. So, we have the graph which we wanted.
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5“ p
(3 |1mport networkx as nx
1mp0rt matplotlib.pyplot as plt

def set all B(G):
- for each in G.nodes():
G.node[each]['action']="B"

ealdef set A(G,listl):
for each in listl:
G.node[each]['action']="A"

odegy ¥ & Wealpy X eae commenily graghpy X | idealpy ¥ | Kewlpy x

1

def get colors(G):
listl=[]
for each in G.nodes():
if G.node[each]['action']==
listl.append('red"')
else:

Python = Tab Widthe & » ni,Celt NS

And next what we want to do is our all the functions are actually going to be the same
which were here. So, I might consider copy pasting these functions here. So, just give me

1 minute. These are all the basic functions which we have implemented previously ok.
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base codepy X X ealpy X L oreat Sealpy X | KeMpy X

-!4 7 Tlagi=terminate 1('8 ,u)
if flagl==1 or flag2==1 or count>=100:
return 1

else:

= return @
G=nx.read gml('random graph.gml')
Plset all B(G)

listl=[4,1]

SEt_A(G,liStl}l

colors=get colors(G)

; nx.draw(G,node color=colors, node size=800)

Pythan = Tab Width 8 + AT, E8l 1 ING

And what else do we need from this first code is let us take this code also. It is going to

help us and we have this code here.
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X
i f'1a£;2=tle“r|'ﬂina1';é'1"[":”8""',.6] - -'
if flagl==1 or flag2==1 or count>=100:
return 1
B else:
) return 0
"

G=nx.Graph()
G.add edges from([(0,1) 2),11,8),(1,12),(2,9),(2,12),

g{ﬂ;6};(1,
(3,4),(3,9),(3,12),(4,5),(4,12),(5,6), (5,10),(6,8),(7,8),(7,9),
(7,10),(7,11),(8,9),(8,10),(8,11),(9,10),(9,11),(10,11)])
1

et all RIG)

Python = Tab Width @ = La T, Col 126 NS

So, here we have this graph and we have all the necessary functions here. What we have

to do now is as we decided we know that the payoff associated with this action b.
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ideatpy ® [ creats

feilpy ¥ L ideadpy x

“L15T1.append| " green" )

return listl

num=0
for eachl in G.neighbors(each):

if G.node[eachl]['action']==c:
num=num+1

]
[j]def find neigh(each,c,G):
'ﬁ
[ 4l

return num

def recalculate options(G):
dictl={}
# Payoff(A)=a =4
# Payoff (B) =b =3
a=3
b=2
for each in G.nodes():

-3
£
4

Here is going to be 2 and a here is going to be 3.
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base_todepy ¥ g Mealpy X idealpy X | create_comswnity graphpy X § Meadpy X L Sideadpy X

—
s, add edges_from([(0,1),(0,6),(1,2),(1,8),(1,12),(2,9), (2,12),
(3,4),(3,9),(3,12),(4,5),(4,12) ,(5,6),(5,10),(6,8),(7,8),(7,9),
(7,10),(7,11),(8,9), (8,10),(8,11),(9,10),(9,11),(10,11)])

ist2=[[9,1,2,3],[0,2,3,4],[1,2,3,4],(2,3,4,5],(3,4,5,6],
4,5,6,12],(2,3,4,12],10,1,2,3,4,5],10,1,2,3,4,5,6,12]]

e

W for listl in list2:

set all B(G)

set A(G,listl)

Python = Tab Width @ = LM, Cel i L

And then so, there were how many nodes in the network? If you remember there was 0
to 12 nodes. So, total 13 nodes in the network and out of this 13 networks denotes inside
our cluster were nodes from 7 to 11. So, we can start our cascade from any node from

any set of nodes except the node 7 to 11.

What I am going to do is there are actually a lot of possible sets from this list from 0 to 6

and then node number 12. So, how many nodes? 0 to 6; 7 plus 8; so, there are 8 nodes.



So, there are how many possible sets on in 8 nodes is 2 to the power 8. So, I am not
actually going to take all the 2 raise to the 2 to the power 8 sets and show you the result.
I will take some particular sets here and show you the result. So, I create a list here let us
say list 2 and what is this list 2? This list 2 is the list of lists. So, I will having some lists

here.

So, this first list here is the first my set of initial adopter for the first experiment. This list
is the set of initial adopters for the second experiment and I show you that for all these
sets. So, there are different different initial adopters. So, for all of these sets, your

cascade is not complete. It is unable to hit any of the node inside the cluster.

So, let us make here list let say that the first list is 0, 1, 2, 3. So, I can take any number of
elements here outs any number of elements here except the elements from 7 to 11 which
are inside my cluster. And let us take 0, 2, 3, 4 and let us also take sorry 1, 2, 3, and 4 and
2,3,4,5. Let us take many many sets 3,4, 5,64, 5, 6, 12. Let say 2, 3, 4, 12. Let us take
many many nodes, let us take 6 node 0, 1, 2, 3, 4, 5. It seems that if you start your
cascade from so many nodes from 6 node the cascade should be complete. And rather let
us taken extreme case, let us take all the nodes except the nodes in the cluster 0, 1, 2, 3,

4,5,6and 12.

So, except all the nodes in the particular cluster, we are talking about I am taking all the
nodes here and we see that even in this case your cascade is unable to become complete.
So, now, what we are going to do for list 1 in list 2, we are going to repeat this

experiment ok.
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“dealpy [+) - gedit

@ R P - B

dupy X deal.py X dealpy X ty_graphpy X dlpy ¥ “desdpy %

115t2=[l‘3.1.2,3].[0.2,3,41.[1,2,3.4].[2J3.4,5].[3.4,5,6l,

E [4,5,6,12],12,3,4,12],10,1,2,3,4,5],(0,1,2,3,4,5,6,12]]
1for listl in list2:

2] print listl

set all B(d)
0

set A(G,listl)

colors=get colors(G)

nx.draw(G,node color=colors, node size=800)
; nlt.show()

So, for every possible set of initial adopters here, what will be seeing is that list and then
will be seeing the final graph and then will be seen whether the cascade is complete or

not. So, there is nothing much we just need to execute it and see what is happening here.

(Refer Slide Time: 09:48)

Terminal

a yayathgysyatiVostro- 154k -
yayati@yayati-Vostro-3546:~$ python idead.py
B[ 1,23

Traceback (most recent call last):

File "idead.py", line 87, in <module>
plt.show()
NameError: name 'plt' is not defined
yayati@yayati-Vostro-3546:~5 ||

python idea4 dot py.
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e py [+) - gedit

L
bas deal.py X dealpy X

—linport networkx as nx
import matplotlib.pyplot as plt]
import random
def set all B(G):
for each in G.nodes():
G.node[each]['action']='B"

def set A(G,listl):
for each in listl:
G.node[each]['action']="A"

def get colors(G):
listl=[]
for each in G.nodes():
if G.node[each]['action']=="'B":
1ist1.annend( ' red') —

So we have to import matplotlib dot pyplot as plt.
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Figure 1

Q yayati@yayati-Vostro-3546:~$ python
B0 1,2 73]
Traceback (most recent call last):

File "idead.py", line 87, in <modu

g plt.shouw()

NameError: name 'plt' is not defined
-} yayati@yayati-Vostro-3546:~% python
0, 1,2 3]

F

)
m

So, here is a case when our initial adopter are 0, 1, 2, 3. So, this is the cluster we were
talking about. So, this is a cluster having a density greater than 60 percent and you will

see that in none of the cases this cascade will be able to touch this cluster.
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Figure 1

E yayati@yayati-Vostro-3546:~$ python
i [0, 1, 2, 3]
Traceback (most recent call last):
File "idead.py", line 87, in <modu

E plt.show()
NameError: name 'plt' is not defined
'—’yayati@yayati—Vostro—3546:~$ python

H! (o, 1, 2, 3]
cascade incomplete
3

€

1=0AHLE  ye0SMe1N

So, in this case when our cascade start from 0, 1, 2, 3, this is the final cascade 0, 1, 2 and
it remains incomplete, rather outside cluster also there are a number of nodes which

remain unaffected.
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Figure 1

a yayati@yayati-Vostro-3546:~$ python
| 1,23

Traceback (most recent call last):
File "idead.py", line 87, in <modu

E plt.show()
NameError: name 'plt' is not defined
'—’yayati@yayati—Vostro—3546:~$ python
I"[ﬂ, 15 2503)

cascade incomplete

¥
J[G’ 2, 3, 4]

=0 410060 o0 T4

And then we start from 0, 2, 3, 4.
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Figure 1

a yayati@yayati-Vostro-3546:~$ python
| 123

Traceback (most recent call last):
File "idead.py", line 87, in <modu

E plt.show()
NameError: name 'plt' is not defined
‘,yayati@yayati—Vostro—3546:~$ python

H [e, 1, 2, 3]

cascade incomplete ] \ v
r [@, 2 3 4] . AN L
!cascade incomplete = e

And then, you see that cascade is incomplete rather the cascade dies away with time.
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Figure 1

a yayati@yayati-Vostro-3546:~$ python
[0, 1, 2, 3]
Traceback (most recent call last):
i File "idead.py", line 87, in <modu

E plt.show()
NameError: name 'plt' is not defined
-} yayati@yayati-Vostro-3546:~% python
1)y iy 22y 21
cascade incomplete
F[e, 2, 3, 4]

Jcas.cade incomplete
W s

And let say we start with 1, 2, 3, 4. And then again the cascade dies away with time 2, 3,
4, 5 dies away 3, 4, 5, 6 and sub having some node infected, but still it is unable to touch
any of the nodes in our cluster from 7 to 11. And then let us start from 4, 5, 6, 12 when
we start from 4, 5, 6, 12. So, this is the final graph and we see that the cascade remains
incomplete then, we start from 2, 3, 4 and 12 and then many nodes are inserted, but again

and cluster remains unaffected and then we start from almost 6 node seems like



everybody should be in affected at the end, but you can still see that the cluster remains

unaffected. And then this was the extreme case we were talking about.

So, we start. So, these many nodes almost 1, 2, 3, 4, 5, 6, 7, 8 nodes in the graph, I have
adopted the behavior a. Even then our cascade remains incomplete and our cluster
remains intact the cascade is unable to enter this cluster. So, we have validated that if
there is a cluster of density greater than 1 minus q in the network of the cascade can

never become complete.



