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Outline 

ÅThe igraph R package 

ÅBasic graph concepts 

ÅWhat can you do with igraph? 

ïConstruction 

ïAttributes 

ïCentrality measure 

ïCommunity detection 

ïPlotting, and more… 
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The igraph software package 

Å igraph - An open source library for the analysis of large 
networks. 

ÅFree for academic and commercial use (GPL). 

ÅState of the art data structures and algorithms, works well 
with large graphs. 

ÅCore functionality is implemented as a C library. 

ÅCan be programmed in GNU R, Python and C/C++.  

 

ÅFor details & documentation see  

http://igraph.org/   
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Scalability - How LARGE? 

ÅWell, it depends what you want to calculate. 

ÅFor graph creation and manipulation, it is enough if it fits into 
the memory. 

 

 

Å igraph (typically) needs 32 bytes per edge and 16 bytes per 
vertex. 

ÅA graph with one million vertices and ten million edges needs 
about 320 Mbytes. 
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Installation 

Åhttp://igraph.org/r/  
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What are networks? 
Å Networks are sets of nodes 

connected by edges. 

points lines 

vertices edges, arcs math 

nodes edges, links computer science 

sites bonds physics 

actors ties, relations sociology 

Network  ſ Graph  

node 

edge 



Network elements: edges 

 
ÅDirected links (edges) 

ïURLs on the www 

ïphone calls  

ïmetabolic reactions 

 

 

ÅUndirected links (edges 

ïCo-authorship links 

ïActor network 

ïprotein interactions 
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Graph representation 

ÅThere is no best format for network data, everything depends 
on what kind of questions one wants to ask. 
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Graph representation 

ÅEdge list. Readable, but not too efficient. 
 



Graph representation 

ÅAdjacency matrix 

ÅGood for questions like: is ’Alice’ connected to ’Bob’? 
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Graph representation 

ÅAdjacency lists. quickly retrieve all neighbors for a node. 
 



Graph representation - igraph 

ÅFlat data structures, indexed edge lists.  

ÅEasy to handle, good for large sparse graphs. 
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Graph representation - igraph 

ÅFlat data structures, indexed edge lists.  

ÅEasy to handle, good for many kind of questions. 

 

13 



Vertex and edge ids 

ÅVertices are numbered from 1 to |V| (used to be 0 to |V|-1). 

V = {A,B,C,D,E} 

E = ((A,B), (A,C), (B,C), (C,E)). 

A = 1,B = 2,C = 3,D = 4,E = 5. 
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Creating igraph graphs 

Å igraph objects 

Å summary(), is.igraph() 
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igraph graphs operations 

ÅBasic manipulations 
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Vertex and edge sequences 

ÅVertex and edge sequences and iterators 
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Visualizing graphs 
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Other graph types - undirected 
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Ring graph 
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Complete graph 
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Visualization layouts 

 

ÅPossible to force directed layouts. Examples: 
plot(g, layout=layout.fruchterman.reingold) 

plot(g, layout=layout.graphopt) 

plot(g, layout=layout.kamada.kawai) 

 

 

ÅMore on drawing graphs, see: 
http://igraph.org/r/doc/plot.common.html  
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Tree graph 
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Tree graph with circular layout 
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Grey’s Anatomy Network of Romance 
Example 

 

Inspired by the post “Grey’s Anatomy Network of Sexual Relations”, by Gary Weissman. 
Available online at http://www.babelgraph.org/wp/?p=1 

GeryAnatomy.html
http://www.babelgraph.org/wp/?p=1


Create Grey’s Anatomy Network 

ÅCreating graphs using graph.data.frame() 
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Vertex and edge sequences 

ÅList of nodes’ names 

27 



Vertex and edge sequences 

ÅAnd a list of edges… 
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Choose a layout scheme and plot 
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Node Degree 

ÅNode network properties 

ïfrom immediate connections 

Åindegree 
how many directed edges (arcs) are incident on a node 

 

Åoutdegree 
how many directed edges (arcs) originate at a node 

 

Ådegree (in or out) 
number of edges incident on a node 

 

 

outdegree=2 

indegree=3 

degree=5 



Calculate degree centrality 
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Nodes’ size scales with degree  
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Remove nodes` labels 
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Centrality:  
importance based on network position 

Degree is only part of the story… 



Closeness centrality of a vertex - the inverse of the average 

shortest paths to/from all the other vertices in the graph. 
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Closeness Centrality: 

Closeness: definition 
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Closeness Centrality normalized: 



Closeness & color scheme 

Å Calculate closeness centrality. 

Å Rescale to create a color scheme to visualize the relative differences. 
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Closeness centrality 
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Betweeness Centrality: 

Betweeness: definition 
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Intuition: how many pairs of individuals would have to go 

through you in order to reach one another in the 

minimum number of hops?  



Betweeness centrality 
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Closeness vs. betweeness 

Closeness Betweeness 
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Community structure in networks 

ÅSocial networks tend to be highly clustered. 

ÅThere are several algorithms that uncover these clusters. 
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Community detection 

Å Here we use the implementation of the Girvan-Newman algorithm to 
detect the underlying community structure of the graph. 
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Girvan-Newman clustering 
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Network elements may have attributes 

ÅExample for node attributes: 
Âgeographical location 

ÂEthnicity 

Âmusical tastes… 

 

ÅExample for edge attributes: 
Âweight (e.g. frequency of communication) 

Âranking (best friend, second best friend…) 

Âtype (friend, relative, co-worker) 

 



Gender attribute - example 

ÅNodes csv file 

45 



Gender attribute - example 
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Color nodes by gender 
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Remove labels & layout differently 
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Connected components 

ÅSocial networks tend to be connected graphs, such that 
almost every node is reachable from almost every other node. 
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Connected components 
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Keep only the Giant Component 
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Print the giant component  only 
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Questions? 
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