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EXPLORING GRAPHS – Breadth First Search
I. Review

A Undirected graphs

1 Symmetrical ( (u,v) = (v,u) for vertices v and u

2 Edges are unordered pairs of vertices from VxV

3 |E| ( (|V|-1)/2  without weights

B Directed graphs

1 (u,v) different from (v,u)

2 Edges are ordered  pair of v from V(V

3 |E|(|V|(|V|-1) 

C Basic graph properties

1 Connectivity

a Shows how far we can get from a particular vertex


b paths between vertices need not be directly connected

c a directed graph is strongly connected if every vertex can be reached from any other vertex

d strongly connected component: subset of a graph in which all vertices are strongly connected

2 weights

3 multi-graph: multiple edges between vertices

D Graph representation

1 Use matrices for dense graphs

2 Use linked list for sparse graphs (ex. Facebook page has linkedlist of friends)

a Locally, we only see our friends, then use graph exploration to infer more
II. Graph Exploration
A Applications

1 Web pages: directed (vertex: page, edge: hyperlink)

2 Highways: undirected (vertex: city, edge: freeway segment)

B Google problem

1 Need to build infrastructure that will get all webpages

2 Web crawling is hard, need to use many machines

3 Basic scheme: start from seed (google.com), and systematically follow hyperlinks, while building a search tree

4 General graph searching

a Objective: methodically explore every v and e

b Build a tree 

· Pick vertex as root

· Choose certain edges to produce tree

· If not connected, build a forest

III. Breadth-First Search (BFS)

A Objective: methodically explore every vertex and edge from a vertex (root)

B (See pseudo-code in book)

1 We mark every edge that lead to a node already explored to avoid redundancy

2 Visit every reachable node from root and build a spanning tree

C k vertices are reachable from vertices in level k-1
D Running time: O(n+m) where n=|V| and m=|E|

E Shortest path property: for any vertex i, the spanning tree path from root to i has i edges, and any other path between root and i has less than or equal to i edges.

F Level by level property: edges not in spanning tree are at most 1 level apart

G BFS calculates shortest path distance from source node (hop-distance)

1 Shortest path distance  δ(s,v)= min # of edges from s to v or ∞ if  not reachable from s

H Builds BFS tree

Next Class: Depth First Search, Random Walk
