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The Bridges of Konigsberg 
 

Section 1      
 
 



Can one walk across the 
seven bridges and never 
cross the same bridge 

twice?      
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THE BRIDGES OF KONIGSBERG http://www.numericana.com/answer/graphs.htm 

 
 
1735: Euler’s theorem: 
 
(a) If a graph has more than two nodes of odd degree, there is no path.  
(b) If a graph is connected and has no odd degree nodes, it has at least one path. 
 

 

http://www.numericana.com/answer/graphs.htm
http://www.numericana.com/answer/graphs.htm





Networks and graphs 
 

Section 2      
 
 



COMPONENTS OF A COMPLEX SYSTEM 
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 components: nodes, vertices    N 
 
 interactions:  links, edges      L 
 
 system:     network, graph  (N,L) 



network often refers to real systems 
•www,  
•social network 
•metabolic network.  
 
Language: (Network, node, link) 
 
graph: mathematical representation of a network 
•web graph,  
•social graph (a Facebook term) 
  
Language: (Graph, vertex, edge) 
 

We will try to make this distinction whenever it is appropriate, 
but in most cases we will use the two terms interchangeably. 
 

NETWORKS OR GRAPHS? 
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A COMMON LANGUAGE 
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N=4 
L=4 



The choice of the proper network representation determines our 
ability to use network theory successfully. 
   
In some cases there is a unique, unambiguous representation.  
In other cases, the representation is by no means unique. 
  
For example, the way we assign the links between a group of 
individuals will determine the nature of the question we can study. 

CHOOSING A PROPER REPRESENTATION 
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If you connect individuals 
that work with each other, 
you will explore  
the professional network. 

CHOOSING A PROPER REPRESENTATION 

Network Science: Graph Theory  



If you connect those that 
have a romantic and 
sexual relationship, you 
will be exploring the 
sexual networks. 

CHOOSING A PROPER REPRESENTATION 
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If you connect individuals based on their first name 
(all Peters connected to each other), you will be 
exploring what?  
 
It is a network, nevertheless. 

CHOOSING A PROPER REPRESENTATION 
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Links: undirected (symmetrical)   
 
Graph: 
        

Directed links : 
URLs on the www 
phone calls  
metabolic reactions 
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UNDIRECTED VS. DIRECTED NETWORKS 

Undirected Directed 
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Links:  directed (arcs).  
 
Digraph = directed graph: 

Undirected links : 
coauthorship links 
Actor network 
protein interactions 

An undirected 
link is the 
superposition of 
two opposite 
directed links. 
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Section 2.2     Reference Networks 
 
 



Degree, Average Degree and 
Degree Distribution 

 

Section 2.3      
 
 



Node degree: the number of links connected to the node. 

 

NODE DEGREES 
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In directed networks we can define an in-degree and out-degree. 

The (total) degree is the sum of in- and out-degree. 

 

 

 

Source: a node with kin= 0; Sink: a node with kout= 0. 
 

2k in
C = 1k out

C = 3=Ck
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