Graph Algorithms

Depth First Search

Alg DFS(G)
	Input: G
	Ouput: all the edges are labeled as discovery or back edge 

	for all v of G.vertices do
		v.visited ← false
	for all e of G.edges do
		e.type ← ‘unexplored’
	for all v of G.vertices do
		if u.visited = false then
			DFS(G,v)

Alg DFS(G,v)
Input: G, vertex v
	Ouput: all the edges that are connected with v are labeled as discovery or back edge 

	v.visted ← true;
	for each edges e in incidentEdges(v) do
		if e.type = ‘unexplored’ then
			w ← e.opposite;
			if w.visited = false then
				e.type ← ‘discovery’
				DFS(G,w)
			else
				etype ← back



Alg  iterativeDFS(G,v) 
	Input: G, V, empty stack S
	Ouput:  all the edges connected to v are labeled  
	
	S.push(v);
	while S is not empty  do
		u ← S.pop();
		u.visted ← true;
		for each edge e of G.incidentEdges(u) do
			if e.type = “unexplored” then
				w ←opposite(v,e)
				if w.visited = false then
					e.type ← ‘discovery’
					S.push(w)
				else
					e.type ← ‘back’



Alg  DFSpath(G, v, z) 
Input: G, vertex v andz
Ouput:  Return true  if a path is found, otherwise false. If there is a path, the path is stored in the stack S

	v.visited ← true;
	S.push(v)
	if v = z then
		print S
		return true;
	
	for each edge e of G.indidentEdges(v) do
		if e.type = “unexplored” then
			w ← opposite(v,e)
			if w.visited = false then
e.type ← ‘discovery’
				S.push(e)
				found ← DFSpath(G,w,z);
				if  found = true then
					return true
				else 
					S.pop()
			else
				e.type ← “back”
	S.pop();
	return false		

Breadth First Search

Alg BFS(G)
	Input: G
	Ouput: all the edges are labeled as discovery or back edge 

	for all v of G.vertices do
		v.visited ← false
	for all e of G.edges do
		e.type ← ‘unexplored’
	for all v of G.vertices do
		if u.visited = false then
			BFS(G,v)


Alg BFS(G,v) 
Input: G, vertex v andz
Ouput: :  all the edges and vertices connected to v are visited 

v.visited ← true
Q.enqueue(v)

while Q is not empty do
	u ← Q.dequeue();
	for each edge e of G.incidentEdges(u) 
		if e.type = ‘unexplored’ then
			w ← opposite(v,e)
			if w.visited = false then
				e.type ← ‘discovery’
				w.visited ← true
				Q.enqueue(w)
			else
				e.type ← ‘cross’





Alg BFSpath(G,v, z) 
Input: G, vertex v and z
Ouput: return sequence which contains the path. The sequence is empty if there is no path. 

v.visited ← true
Q.enqueue(v)

while Q is not empty do
	u ← Q.dequeue();
	if  u = z then
		break;

	for each edge e of G.incidentEdges(u) do
		if e.type = ‘unexplored’ then
			w ← opposite(v,e)
			if w.visited = false then
				e.type ← ‘discovery’
				w.visited ← true
				w.previous_node  ← u
				w.previous_edge ← e
				Q.enqueue(w)
			else
				e.type ← ‘cross’

if u = z then
	while ! u=v 
		S.addFirst(u);
		S.addFirst(u.previous_edge);
		u ← u.previous_node;
	S.addFrist(u)

return S; 
	












Topological Order

Alg TopologicalSort1(G)
Input: G
Ouput: the sequence which has the vertices sorted by topological order

for each vertex v of G do
	v.incounter ← v.indeg;
	if v.incounter = 0 then
		S.push(v)
		Order.addLast(v)

while S is not empty do 
	u ← S.pop()
	for each e of u.outgoingEdges 
		w ← opposite(e,u)
		w.incounter ← w.incounter -1;
		if w.incounter = 0 then
			S.push(w)
			Order.addLast(w)
return Order	





Alg TopologicalSort2(G)
Input: G, vertex v
	Ouput: the list which has the vertices sorted by topological order

	Order ← empty
	for all v of G.vertices do
		v.visited ← false
	for all e of G.edges do
		e.type ← ‘unexplored’
	for all v of G.vertices do
		if u.visited = false then
			DFSTopologicalSort2(G,v)
	return Order


Alg DFSTopologicalSort2(G,v)
Input: G, vertex v
	Ouput: all the edges that are connected with v are labeled as discovery or back edge ,  topo order is maintained in the Order list.

	v.visted ← true;
	for all edges e in incidentEdges(v) do
		if e.type = ‘unexplored’ then
			w ← e.opposite;
			if w.visited = false then
				e.type ← ‘discovery’
				DFSTopologicalSort2(G,w)
			else
				etype ← back
	Order.addFirst(v)


Shortest Path

Alg Dijsktr’s (G,v)
Input: G, vertex v
	Ouput: all vertices are marked with the shorted distance from v. for each u, u.parent points to it’s previous vertex in the shorted path from v to u. 
	
	for each vertex u in G.vertices() do
		If  u = v then 
			u. distance ← 0
		else 
			u.distance ← INFINITE
		u.parent ← null
		u.pqEntry ← PQ.insert(u.distance, u);
	
	While PQ is not empty do
		u ← PQ.removeMin();
		for each edge e in u.incidentEdges
			w ← opposite(e,u) 
			newdistnace ← u.distance + e.weight
			if w.distance > newdistance then
				w.distance ← newdistance
				w.parent ← u
[bookmark: _GoBack]				PQ.replaceKey(w.pqEntry, w.distance)



Minimum Spanning Tree

Alg Kruskal (G)
Input:  a simple connected weighted graph G with n vertices and m edges
Ouput: a minimum spanning tree T for G

T ← empty;
for each vertex in G do
	Defind a Cluster C(v) ← {v}
Sort the edges of E into nondescreasing order by weight w
for each edge edge(u,v), taken in nondescreasing order by weight do
	Let C(u) be the cluster that contains u
	Let C(v) be the cluster that contains v
	if  C(u) != C(v) then
		T ← T Union e(u,v)
		Merger Cluster of C(u) and C(v)
	if T has n-1 edges then
		break;
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