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LEARNING OUTCOMES

Get to know network terminology 
Explore the different types of networks 
See some network applications
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FUNDAMENTAL NOTATION

A NETWORK G IS A SYSTEM COMPOSED OF 
TWO PARTS:  

A SET N OF ELEMENTS (NODES) 
CONNECTED BY L LINKS.

The link (i,j) connects the node i to the 
node j 



|N|=14  
|L|=15
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A network G can be directed or 
undirected. A directed network has 

directed links.
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Links can also be weighted or unweighted

FUNDAMENTAL NOTATION



Weighted links are associated with a weight w,  
so they are described by (i,j,w)
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FUNDAMENTAL NOTATION

CAN YOU MAKE EXAMPLES  
OF EACH TYPE OF NETWORK?



MAXIMUM NUMBER OF LINKS

If we have 4 nodes in an undirected network, what is the 
maximum possible number of links between them?
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this node have?
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MAXIMUM NUMBER OF LINKS

How many links can  
this node have?

If we have 4 nodes in an undirected network, what is the 
maximum possible number of links between them?



Every node of the N nodes that we have can connect to any 
other except from itself 
This means it can connect to n-1 nodes

MAXIMUM NUMBER OF LINKS



Every node of the N nodes that we have can connect to any 
other except from itself 
This means it can connect to n-1 nodes

Then, the maximum number of links is N(N-1) right?

MAXIMUM NUMBER OF LINKS



EVERY NODE OF THE N NODES WE HAVE CAN CONNECT 
TO ANY OTHER NODE EXCEPT FROM ITSELF. 
THIS MEANS IT CAN CONNECT WITH N-1 NODES.

THEN, THE Maximum number of link is N(N-1) right?

WRONG!!! 
WE ARE COUNTING LINKS TWICE THIS 

WAY! 

If the network is undirected, then  
the link (i,j) is equivalent to the link (j,i)

MAXIMUM NUMBER OF LINKS



Lmax = (N
2 ) =

N(N − 1)
2

MAXIMUM NUMBER OF LINKS



Lmax = ?

WHAT IS THE MAXIMUM NUMBER OF 
LINKS IN A DIRECTED NETWORK?



Lmax = N(N − 1)

WHAT IS THE MAXIMUM NUMBER OF 
LINKS IN A DIRECTED NETWORK?



DENSITY
d =

L
Lmax



In an undirected network, the degree k of a node is the number of links 
a node has 

This is equivalent of saying that k is the number of neighbours a node 
has

DEGREE

The average degree of a network is⟨k⟩ =
∑i ki

N



In a directed network, there are three types of degree: 
 
 
In-degree:                     Out-degree:                  Total-degree:

DEGREE

kin kout ktot



In a weighted network, instead of a degree, a node has a 
strength:

DEGREE

si = ∑
j

wij



DEGREE

si = ∑
j

wij

In a directed weighted network, a node has an in-strength 
and an out-strength:

sin
i = ∑

j

wji

sout
i = ∑

j

wij

In a weighted network, instead of a degree, a node has a 
strength:



How do we represent networks mathematically and for computers?
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MATHEMATICAL REPRESENTATION
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OTHER NETWORK TYPES

BIPARTITE NETWORK

STUDENTS COURSES



EXAMPLE: ASSET HOLDINGS



OTHER NETWORK TYPES

SUB-NETWORKS AND EGO-NETWORKS



OTHER NETWORK TYPES

SUB-NETWORKS AND EGO-NETWORKS



OTHER NETWORK TYPES

MULTILAYER NETWORKS
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OTHER NETWORK TYPES

TEMPORAL NETWORKS



KNOWLEDGE GRAPHS



SUMMARY

We learned how to characterise network elements 
We learned how to choose the most appropriate type of 
links 
We have seen different types of networks


