
Graphs 
 
A Graph G is a collection of Vertices and Edges. 
 G = (V, E) 
 
The size of a graph is the number of vertices 
Two vertices connected by an edge are neighbors 
The degree of a node is the number of edges it has. 
 
Undirected Graph: 
A graph with undirected edges 
Degree of a node/vertex in an undirected graph is the number of neighbors the node has 
 
Directed Graph: 
A graph with directed edges 
Vertices in a directed graph have an in-degree and an out-degree. 
 
A path is a sequence of distinct vertices such that (vi , vi+1) € E 
A simple path is a path that does not visit a vertex twice. 
 
A directed cycle is a path <v0, v1, v2, … vk> such that v0 = vk and k >= 1 
An undirected cycle is a path <v0, v1, v2, … vk> such that v0 = vk and k >= 3 
A simple cycle is a cycle with distinct vertices 
 
A graph is connected if every pair of distinct vertices can be connected through a path 
A directed graph is strongly connected if there is a path from each vertex to every other vertex 
 
Depth First Search 
 
The idea of a DFS is to go as far as possible, then backtrack. 
DFS = O(|E| + |V|) 
 
Pseudo code: 
 DFS(graph G, node current) 
  Mark current as discovered 
  N = set of nodes adjacent to current 
  for(all nodes in N) 
   if(node is not discovered or visited) 
    DFS(G, node) 

 Mark current as visited 
 
When doing a DFS on a graph, there are two events associated with a node: 
Discovery time: When a node is discovered, but not visited 
Finish time: When a node is visited 
 
 



A node cannot have a finish time that is earlier than the discovery time. 
A parent node will always have an earlier discovery time and later finish time than a child 
 
Formal definition: 
d[n] = discovery time of node n 
f[u] = finish time of node n 
 
For node u and v: 
u is an ancestor of v iff  [d[v],f[v]] is a subset of [d[u],f[u]]    
u is an child of v iff [d[u],f[u]] is a subset of [d[v],f[v]]  
u and v are not related if [d[u],f[u]] and [d[v],f[v]] are disjoint 
 
 
Running DFS creates a forest, or a collection of trees 
 
Edges in a graph after DFS has been run can be divided into four categories: 
Tree edge: points to a new vertex 
Back edge: points from a descendant vertex to ancestor vertex 
Forward edge: points from an ancestor vertex to a descendant vertex 
Cross edge: points from one sub-tree to another  


