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fertility



Complicated vs. complex



Biological complexity

Cell metabolism



Complexity: 

non-linearity of interactions:



An example…



unpredictability



unpredictability



Butterfly effect



Emergence of proprieties



The whole is more (different) than the 
sum of the individual components



Human Genome Project

Begun formally in 1990, the U.S. Human Genome
Project was a 13-year effort coordinated by the
U.S. Department of Energy and the National
Institutes of Health. The project originally was
planned to last 15 years, but rapid technological
advances accelerated the completion date to
2003. Project goals

• identify all the approximately 20,000-25,000 
genes in human DNA,

• determine the sequences of the 3 billion 
chemical base pairs that make up human DNA,

• store this information in databases,

• improve tools for data analysis,

• transfer related technologies to the private 
sector, and

• address the ethical, legal, and social issues (ELSI) 
that may arise from the project.
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Computational models in biology and 
medicine



Systems biology









Computational biology



What is a model?



What kind of model we
need?



Numerical models



forecasting model



Networks as model







The node



The link





Network topology





Topological parameters

the number of nodes: which represents the total number of

molecules involved;

the number of edges: which represents the total number of

interaction among nods within the network;

the node degree (or connectivity): which indicates how many links

each node has to other nodes;



the node degree distribution P(k): which represents the
probability that a selected node has exactly k links;

the clustering coefficient: it is a measure of how the
nodes tend to form clusters: the more the clustering
coefficient is higher, the more the presence of clusters
will increase;

pk = 
Nk

N

CI = 2nI/k(k–1),

where nI is the number of links

connecting the kI neighbours of

node I to each other



clustering coefficient



the network diameter: which is the largest distance
between two nodes;

the averaged number of neighbours: which is the mean
number of connection of nodes;

the characteristic path length: which is the expected
distance between two random individuated connected
nodes.





multiple networks




