
Magolego SNA - Centrality Metrics
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#install.packages('xtable')
library('igraph')

First, let’s look at a simple example graph:

Zachary karate club

Remember Zachary karate club? You looked at it on your second lab.

The data was collected from the members of a university karate club by Wayne Zachary in 1977. Each node
represents a member of the club, and each edge represents a tie between two members of the club. Zachary
studied conflict and fission in this community network, as the karate club was split into two separate clubs.
The network is very small: it has 34 vertices and 78 undirected edges.

This is how it looks:

z <- graph.famous("Zachary")
plot(z,layout = layout.fruchterman.reingold)
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Degree centrality

Now we will compute various centrality measures. First, degree centrality:

deg=degree(z)

We will plot the karate club graph with node sizes proportional to different centrality metrics and node colors
changing depending on centrality.

First, let’s fix node coordinates to be able to compare graphs. We will produce coordinates and use them as
layout for plotting:

# And we will keep the same layout:
lay <- layout.fruchterman.reingold(z)
lay

## [,1] [,2]
## [1,] 9.2585130 -10.9687126
## [2,] 13.9819975 -7.2128971
## [3,] 11.1402617 -0.6975802
## [4,] 19.0880982 -6.5589325
## [5,] 4.8443218 -21.4348540
## [6,] -2.4766885 -15.8760989
## [7,] -0.8754297 -19.8051100
## [8,] 16.9504077 -9.4706527
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## [9,] 9.2024412 2.2126116
## [10,] 18.4483655 6.9194154
## [11,] 2.8928807 -17.3345044
## [12,] 12.3669951 -22.6600686
## [13,] 22.3935866 -12.6535383
## [14,] 14.9772138 -1.8106245
## [15,] 7.7673490 19.1370268
## [16,] 11.5612073 19.1108217
## [17,] -8.7242215 -20.2560014
## [18,] 18.0308246 -15.8079992
## [19,] 3.9098191 18.8031939
## [20,] 6.6018988 -3.7923640
## [21,] 16.6050848 13.5206819
## [22,] 13.5334741 -16.5361098
## [23,] 14.5029288 16.6909439
## [24,] -2.5287579 10.4669245
## [25,] -9.6747446 0.8882555
## [26,] -10.0264381 5.7850195
## [27,] -2.9135820 18.0350682
## [28,] -1.2846961 4.6233266
## [29,] 3.8363530 3.2158588
## [30,] 0.3304179 14.8961505
## [31,] 13.8711991 4.7012165
## [32,] -0.1717815 1.1182381
## [33,] 7.8810089 11.3102516
## [34,] 7.1310551 9.2500697

Now, we want node colors to change depending on the centrality. Say, high centrality nodes will be green,
and low centrality nodes will be yellow. We set the pale

fine = 500 # this will adjust the resolving power.
palette = colorRampPalette(c('blue','red'))

Now we produce a vector of color codes:

degCol = palette(fine)[as.numeric(cut(deg,breaks = fine))]

We also want node sizes to be proportional to node centrality. This is straightforward, except that we will
use a proportionality coefficient to improve the layout. Now produce a graph:

plot(z, layout=lay, vertex.color=degCol, vertex.size=deg*1.5, vertex.label.cex=0.6, main="Degree centrality")
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Closeness centrality

Now compute closeness centrality and plot the second graph. Simply use the command closeness

clos=closeness(z)
#Look at the values:
clos

## [1] 0.01724138 0.01470588 0.01694915 0.01408451 0.01149425 0.01162791
## [7] 0.01162791 0.01333333 0.01562500 0.01315789 0.01149425 0.01111111
## [13] 0.01123596 0.01562500 0.01123596 0.01123596 0.00862069 0.01136364
## [19] 0.01123596 0.01515152 0.01123596 0.01136364 0.01123596 0.01190476
## [25] 0.01136364 0.01136364 0.01098901 0.01388889 0.01369863 0.01162791
## [31] 0.01388889 0.01639344 0.01562500 0.01666667

# Plot the graph:
closCol = palette(fine)[as.numeric(cut(clos,breaks = fine))]
plot(z,layout = lay, vertex.color=closCol, vertex.size=clos*1500, vertex.label.cex=0.6, main="Closeness centrality")
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Closeness centrality

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15 16

17

18

19

20

21

22

23

24

25

26

27

28
29

30

31

32

33
34

Betweness centrality

Compute betwenness centrality. Can you guess the command? Right, it’s betweenness

betw <- betweenness(z)
#Look at the values:
betw

## [1] 231.0714286 28.4785714 75.8507937 6.2880952 0.3333333
## [6] 15.8333333 15.8333333 0.0000000 29.5293651 0.4476190
## [11] 0.3333333 0.0000000 0.0000000 24.2158730 0.0000000
## [16] 0.0000000 0.0000000 0.0000000 0.0000000 17.1468254
## [21] 0.0000000 0.0000000 0.0000000 9.3000000 1.1666667
## [26] 2.0277778 0.0000000 11.7920635 0.9476190 1.5428571
## [31] 7.6095238 73.0095238 76.6904762 160.5515873

#Plot the graph
betwCol = palette(fine)[as.numeric(cut(betw,breaks = fine))]
plot(z,layout = lay, vertex.color=betwCol, vertex.size=betw*0.2, vertex.label.cex=0.6, main="Betwenness centrality")
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Betwenness centrality
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Eigenvector centrality

Now, eigenvector centrality. Use the command evcent

ev <- evcent(z)

# See what's in the output:
ev

## $vector
## [1] 0.95213237 0.71233514 0.84955420 0.56561431 0.20347148 0.21288383
## [7] 0.21288383 0.45789093 0.60906844 0.27499812 0.20347148 0.14156633
## [13] 0.22566382 0.60657439 0.27159396 0.27159396 0.06330461 0.24747879
## [19] 0.27159396 0.39616224 0.27159396 0.24747879 0.27159396 0.40207086
## [25] 0.15280670 0.15857597 0.20242852 0.35749923 0.35107297 0.36147301
## [31] 0.46806481 0.51165649 0.82665886 1.00000000
##
## $value
## [1] 6.725698
##
## $options
## $options$bmat
## [1] "I"
##
## $options$n
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## [1] 34
##
## $options$which
## [1] "LA"
##
## $options$nev
## [1] 1
##
## $options$tol
## [1] 0
##
## $options$ncv
## [1] 0
##
## $options$ldv
## [1] 0
##
## $options$ishift
## [1] 1
##
## $options$maxiter
## [1] 3000
##
## $options$nb
## [1] 1
##
## $options$mode
## [1] 1
##
## $options$start
## [1] 1
##
## $options$sigma
## [1] 0
##
## $options$sigmai
## [1] 0
##
## $options$info
## [1] 0
##
## $options$iter
## [1] 2
##
## $options$nconv
## [1] 1
##
## $options$numop
## [1] 26
##
## $options$numopb
## [1] 0
##
## $options$numreo
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## [1] 21

The function returns the vector of eigenvector centralities, the eigenvalue corresponding to the eigenvector,
and a list of options used for computations. We only need the centrality values, don’t we?

ev <- evcent(z)$vector
# See what's in the output:
ev

## [1] 0.95213237 0.71233514 0.84955420 0.56561431 0.20347148 0.21288383
## [7] 0.21288383 0.45789093 0.60906844 0.27499812 0.20347148 0.14156633
## [13] 0.22566382 0.60657439 0.27159396 0.27159396 0.06330461 0.24747879
## [19] 0.27159396 0.39616224 0.27159396 0.24747879 0.27159396 0.40207086
## [25] 0.15280670 0.15857597 0.20242852 0.35749923 0.35107297 0.36147301
## [31] 0.46806481 0.51165649 0.82665886 1.00000000

# Produce the plot:
evCol = palette(fine)[as.numeric(cut(ev,breaks = fine))]
plot(z,layout = lay, vertex.size=ev*40, vertex.color=evCol, vertex.label.cex=0.6, main="Eigenvector centrality")

Eigenvector centrality
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Bonacich power centrality

Bonachich power centrality:
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bon <- bonpow(z, rescale=TRUE)
bon

## [1] 0.052588997 0.029935275 0.037216828 0.005663430 0.052588997
## [6] 0.029935275 0.029935275 0.015372168 0.050970874 0.026699029
## [11] 0.052588997 0.025080906 0.003236246 0.032362460 0.008899676
## [16] 0.008899676 0.004854369 0.027508091 0.008899676 0.044498382
## [21] 0.008899676 0.027508091 0.008899676 0.056634304 0.023462783
## [26] 0.025889968 0.042071197 0.051779935 0.027508091 0.052588997
## [31] 0.034789644 0.028317152 0.019417476 0.044498382

#Produce the plot
bonCol = palette(fine)[as.numeric(cut(bon,breaks = fine))]
plot(z,layout = lay, vertex.size=bon*400, vertex.color=bonCol, vertex.label.cex=0.6, main="Bonachich power centrality")

Bonachich power centrality
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Alpha centrality

Alpha centrality:

alpha <- alpha.centrality(z)
alpha

## [1] 1 2 4 8 2 2 6 16 6 5 6 2 10 16 1 1 9
## [18] 4 1 4 1 4 1 1 1 3 1 7 5 3 9 11 40 114
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#Produce the plot
alphaCol = palette(fine)[as.numeric(cut(alpha,breaks = fine))]
plot(z,layout = lay, vertex.size=alpha*0.2, vertex.color=alphaCol, vertex.label.cex=0.6, main="Alpha centrality")

Alpha centrality
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Compare measures

Now, let’s plot all graphs together. Remember how to produce several plots on the same graph?

# We will plot 6 graphs in 2 rows and 3 columns:
op <- par(mfrow = c(2, 3))
#Remember we assigned a name to each graph?
plot(z, layout=lay, vertex.color=degCol, vertex.size=deg*1.5, vertex.label.cex=0.6, main="Degree centrality")
plot(z,layout = lay, vertex.color=closCol, vertex.size=clos*1500, vertex.label.cex=0.6, main="Closeness centrality")
plot(z,layout = lay, vertex.color=betwCol, vertex.size=betw*0.2, vertex.label.cex=0.6, main="Betwenness centrality")
plot(z,layout = lay, vertex.size=ev*40, vertex.color=evCol, vertex.label.cex=0.6, main="Eigenvector centrality")
plot(z,layout = lay, vertex.size=bon*500, vertex.color=bonCol, vertex.label.cex=0.6, main="Bonachich power centrality")
plot(z,layout = lay, vertex.size=alpha*0.2, vertex.color=alphaCol, vertex.label.cex=0.6, main="Alpha centrality")
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Betwenness centrality
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Eigenvector centrality
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Bonachich power centrality
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Alpha centrality
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par(op)

Print degrees with maximal values for each ranking:

which.max(deg)

## [1] 34

which.max(clos)

## [1] 1

which.max(betw)

## [1] 1

which.max(ev)

## [1] 34
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which.max(bon)

## [1] 24

which.max(alpha)

## [1] 34

Now we will plot degree metrics against each other. We will only plot degree centrality, closeness, betweeness
and eigenvector centralities. You can plot the remaining at home.

op <- par(mfrow = c(2, 3))
plot(deg, clos, xlab="Degree", ylab="Closeness", col="blue")
plot(deg, betw, xlab="Degree", ylab="Betweenness", col="blue")
plot(deg, ev, xlab="Degree", ylab="Eigenvector", col="blue")
plot(clos, betw, xlab="Closeness", ylab="Betweenness", col="blue")
plot(clos, ev, xlab="Closeness", ylab="Eigenvector", col="blue")
plot(betw, ev, xlab="Betweenness", ylab="Eigenvector", col="blue")
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Very simple examples

Centrality metrics for a path

We will create a path of 5 nodes, plot it, compute and output centrality metrics for the nodes:

p <- graph.tree(5, children=1, mode="undirected")
plot(p)

1

2

3

4

5

ptable <- cbind(degree(p), round(closeness(p), 3), betweenness(p), round(evcent(p)$vector, 3))
titles <- c("Degree", "Closeness", "Betweenness", "Eigenvector")
colnames(ptable) <- titles
ptable

## Degree Closeness Betweenness Eigenvector
## [1,] 1 0.100 0 0.500
## [2,] 2 0.143 3 0.866
## [3,] 2 0.167 4 1.000
## [4,] 2 0.143 3 0.866
## [5,] 1 0.100 0 0.500

Centrality metrics for a cyrcle

Now we will create a cyrcle of 5 nodes, plot it, compute and output centrality metrics for the nodes:
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cyr <- graph.ring(5)
plot(cyr)

1

2
3

4

5

cyrtable <- cbind(degree(cyr), round(closeness(cyr), 3), betweenness(cyr), round(evcent(cyr)$vector, 3))
colnames(cyrtable) <- titles
cyrtable

## Degree Closeness Betweenness Eigenvector
## [1,] 2 0.167 1 1
## [2,] 2 0.167 1 1
## [3,] 2 0.167 1 1
## [4,] 2 0.167 1 1
## [5,] 2 0.167 1 1

Centrality metrics for a star

Finally, we will do the same things for a star of 5 nodes:

star <- graph.star(5, mode="undirected")
plot(star)
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startable <- cbind(degree(star), round(closeness(star), 3), betweenness(star), round(evcent(star)$vector, 3))
colnames(startable) <- titles
startable

## Degree Closeness Betweenness Eigenvector
## [1,] 4 0.250 6 1.0
## [2,] 1 0.143 0 0.5
## [3,] 1 0.143 0 0.5
## [4,] 1 0.143 0 0.5
## [5,] 1 0.143 0 0.5

Political blogs

Please download the network from here. This is a directed network of hyperlinks between weblogs on US
politics, recorded in 2005. Each node has an attribute ‘value’ correspondent to its political side: 0 - liberal, 1
- conservative.

Load the data

PB <- read.graph(file = 'polblogs.gml', format = 'gml')
vcount(PB)

## [1] 1490
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ecount(PB)

## [1] 19090

attr <- vertex.attributes(graph = PB)

And you can plot it if you wish (it takes some time..)

plot(PB, vertex.label = NA, vertex.size = 3.5,
layout = layout.fruchterman.reingold,
edge.arrow.size = 0.2)

Compute degree centrality, PageRank, Hubs and Authorities

Now we will compute in- and out- degree centralities, PageRank, Hubs and Authorities for this network. Yet
again, we will use igraph functions:

#Incoming degrees:
indegPB=degree(PB, mode="in")

#Outgoing degrees:
outdegPB=degree(PB, mode="out")

#PageRank:
prPB=page.rank(PB)$vector
## Note that page.rank function returns a vector of values, an eigenvalue and computational options. We only need a vector here. The same concerns hub and authority scores.

#Hubs:
hPB=hub.score(PB)$vector

#Authorities:
authPB=authority.score(PB)$vector

Output the results

First, let’s plot these measures agains each other. We will only plot several pairs, you can do the remaining
at home.

op <- par(mfrow = c(2, 3))
plot(prPB, hPB, xlab="PageRank", ylab="Hubs", col="blue")
plot(prPB, authPB, xlab="PageRank", ylab="Authorities", col="blue")
plot(hPB, authPB, xlab="Hubs", ylab="Authorities", col="blue")
plot(indegPB, outdegPB, xlab="In- degree", ylab="Out- degree", col="blue")
plot(indegPB, authPB, xlab="In- degree", ylab="Authorities", col="blue")
plot(outdegPB, hPB, xlab="Out- degree", ylab="Hubs", col="blue")
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par(op)

Now we will print top ten names in each ranking:

#For in- degrees:
indegnamesPB=which(indegPB>sort(indegPB)[vcount(PB)-10])

#For out- degrees:
outdegnamesPB=which(outdegPB>sort(outdegPB)[vcount(PB)-10])

#For PageRank:
prnamesPB=which(prPB>sort(prPB)[vcount(PB)-10])

#For Hubs:
hnamesPB=which(hPB>sort(hPB)[vcount(PB)-10])

#For Authorities:
authnamesPB=which(authPB>sort(authPB)[vcount(PB)-10])

##Create a matrix to output:
topnamesPB=cbind(indegnamesPB, authnamesPB, prnamesPB, outdegnamesPB, hnamesPB)
#Assign column names:
colnames(topnamesPB) <- c("In- degree", "Authorities", "PageRank", "Out- degree", "Hubs")
topnamesPB

## In- degree Authorities PageRank Out- degree Hubs

17



## [1,] 55 55 55 144 55
## [2,] 155 155 155 363 56
## [3,] 641 180 641 387 99
## [4,] 729 323 729 454 144
## [5,] 855 493 798 512 363
## [6,] 963 641 855 524 387
## [7,] 1051 642 963 855 454
## [8,] 1153 729 1051 880 512
## [9,] 1245 756 1153 1000 618
## [10,] 1437 1051 1245 1101 644

We want a nice table in HTML, don’t we? Let’s use an xtable package. Please install it now, load the
library and use xtable function:

library(xtable)
toptablePB <- xtable(topnamesPB)
print(toptablePB, floating=FALSE, type="latex")

% latex table generated in R 3.2.0 by xtable 1.7-4 package % Thu Apr 30 01:04:48 2015

In- degree Authorities PageRank Out- degree Hubs
1 55 55 55 144 55
2 155 155 155 363 56
3 641 180 641 387 99
4 729 323 729 454 144
5 855 493 798 512 363
6 963 641 855 524 387
7 1051 642 963 855 454
8 1153 729 1051 880 512
9 1245 756 1153 1000 618
10 1437 1051 1245 1101 644
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