
Community detection



LEARNING OUTCOMES

UNDERSTAND WHAT COMMUNITIES ARE

BE ABLE TO DESCRIBE A NETWORK IN TERMS OF COMMUNITIES

LEARN DIFFERENT TYPES OF COMMUNITY CLASSIFICATIONS











DEFINITIONS

INTERNAL AND EXTERNAL DEGREE:  
THE NUMBER OF NEIGHBOURS INSIDE AND 
OUTSIDE THE COMMUNITY



DEFINITIONS

kext
i = 0 kint

i > 0And 

i is called internal node of community c if

kext
i > 0 kint

i > 0And 
i is called boundary node of community c if



DEFINITIONS

INTERNAL AND EXTERNAL DEGREE:  
THE NUMBER OF NEIGHBOURS INSIDE AND OUTSIDE THE 
COMMUNITY

ki = kint
i + kext

i



DEFINITIONS

INTERNAL AND EXTERNAL DEGREE:  
THE NUMBER OF NEIGHBOURS INSIDE AND OUTSIDE THE 
COMMUNITY

NUMBER OF INTERNAL LINKS:  
THE NUMBER OF LINKS BETWEEN NODES WITHIN THE 
COMMUNITY



DEFINITIONS

INTERNAL AND EXTERNAL DEGREE:  
THE NUMBER OF NEIGHBOURS INSIDE AND OUTSIDE THE 
COMMUNITY

NUMBER OF INTERNAL LINKS:  
THE NUMBER OF LINKS BETWEEN NODES WITHIN THE 
COMMUNITY

COMMUNITY DEGREE: 
THE SUM OF DEGREE OF ALL THE NODES IN THE COMMUNITY



DEFINITIONS

kC = ∑
i∈C

ki

COMMUNITY DEGREE: 
THE SUM OF DEGREE OF ALL THE NODES IN THE 
COMMUNITY



DEFINITIONS

INTERNAL AND EXTERNAL DEGREE:  
THE NUMBER OF NEIGHBOURS INSIDE AND OUTSIDE THE 
COMMUNITY

NUMBER OF INTERNAL LINKS:  
THE NUMBER OF LINKS BETWEEN NODES WITHIN THE 
COMMUNITY

COMMUNITY DEGREE: 
THE SUM OF DEGREE OF ALL THE NODES IN THE COMMUNITY

INTERNAL LINK DENSITY: 
DENSITY THAT CONSIDERS ONLY LINKS BETWEEN MEMBERS OF 
THE COMMUNITY



DEFINITIONS

δint
C =

LC

Lmax
C

=
2LC

NC(NC − 1)

INTERNAL LINK DENSITY: 
DENSITY THAT CONSIDERS ONLY LINKS BETWEEN 
MEMBERS OF THE COMMUNITY



DEFINITIONS

1

kext
1 , kint

1 , δint
red, kblue?



DEFINITIONS

1

Which nodes are the boundary nodes?

2

3

4 5 6
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8



DEFINITIONS

high cohesion, high separation 



DEFINITIONS

high cohesion, high separation 



DEFINITIONS

clique (a fully connected subgraph)



DEFINITIONS

Strong community: ∀i ∈ C : kint
i > kext

i

Weak community: ∑
i∈C

kint
i > ∑

i∈C

kext
i

Stricter definition of community



DEFINITIONS

Strong community:

Weak community: ∀v ∈ V : ∑
i∈C

kint
i > ∑

i∈C

kext,v
i

Less strict definition of community

∀i ∈ C, ∀v ∈ V : kint
i > kext,v

i





PARTITIONS

A PARTITION IS A DIVISION OF THE NETWORK IN COMMUNITIES



PARTITIONS

SUPPOSE YOU HAVE A NETWORK G WITH 10 NODES 
1,2,…,10

{1,2,…,10}

{1} {2} {3} … {10}

{1,2} {3,6,9} {5,8,10} {7,4}

THESE ARE ALL VALID PARTITIONS 
The number of possible partitions grows super-
exponentially



PARTITIONS



PARTITIONS

COMMUNITIES CAN OVERLAP 
(You are part of different communities, think about it)



PARTITIONS

COMMUNITIES CAN BE HIERARCHICAL 
(There might be communities within communities)



PARTITIONS

COMMUNITIES CAN BE HIERARCHICAL 
(There might be communities within communities)



PARTITIONS

COMMUNITIES CAN BE HIERARCHICAL 
(There might be communities within communities)



PARTITIONS

Dendrogram



PARTITIONS

Dendrogram



EXERCISE

MAKE SOME EXAMPLES  
OF SOCIAL AND FINANCIAL 

NETWORKS WITH COMMUNITIES
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