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Completing this unit you should

Understand the notion of a path in a (directed)
graph

Know that shortest paths between nodes need
not be unique

Understand the notion of a strongly connected
component

Know about the diameter of a graph

Be aware of the bow tie structure of the Web
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Paths in a graph

 Anordered set P ={vy,...,v,} @ °‘°

Is called a path through a graph if:
— (vi,v41) € E;1<i<n

 Example:
—{a, f,c,d,e,b,h}is a path
—{a,c,b} C{a, f,c,d,e, b, h} is not a path
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 Apath P = {vq,...,v,} between © 900
v1 and v,, Is called a shortest path if:
— No path p’ between v; and v,, exists such that

[P’ < |P
 Example:

_{a, f,c,d,e,b,h}is g path but not a shortest one
— {a, f,¢, b, h} is a shortest path
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Useful information on shortest paths

* Shortest paths need not to be unique

» Useful algorithms
— Breadth first search
* Unweighted graphs
— Dijkstra Algorithm
« Weighted graphs (positive weights)
— Bellman Ford Algorthm

* negative weights

— Floyd Warshall
 All pair shortest paths
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(Strongly)Connected components

— P is a path

: ‘:' W
* A Set of vertices ¢ such that -
~ Yu,v € CAP C C %Q

— M eV -C:3ceC:3P

— Such that p is a bath between ¢ and v’

Is called strongly connected component in a
directed and connected component in an
undirected graph
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Strongly conected components

 How many strongly connected components
exist on Simple English Wikipedia®?
— It is a good exercise to count them on the html
dump we provided

» Size of the largest connected component
— 54'524 vertices

* The largest strongly connected component is
usually the part of the web we experience
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Bow tie structure of the Web

Other components
(30%)

Strongly
connected

component
(28%)

- In-component >

-<«+—— Out-component ——»
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Diameter: Descrlblng the strongly connected
component (SCC)

« Each pair of nodes in a SCC is connected by a
path

* There exists a shortest path between each
pair of nodes

* The length of the longest shortest path
between any two nodes within a SCC is
called its diameter.

 How large do you expect the diameter of
Simple Wiki‘'s SCC?
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Distance distribution of nodes from the SCC
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Statistical measures for graphs that you
should know

* Size and Volume

* Degree distributions

. Clustori e ciond

+ (effective) Diameter

* (Strongly) connected componentns

* Bow Tie structure

» Lorenz curve, Gini coefficient
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Thank you for your attention!
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