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Connectivity Problem

Input: Graph G = (V,E) and s in V

Output: All t connected to s in G



Breadth First Search (BFS)



Connectivity Problem

Input: Graph G = (V,E) and s in V

Output: All t connected to s in G

Boolean array R such that R[t] = true iff t is connected to s



Example 0: Know nothing about E
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R[s] = T and R[u] = F for every u != s
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Example 1

R[s] = T and R[u] = F for every u != s

R[s] = R[a] = R[b] = R[c] = R[d] = T
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Example 1: G is a “star”

R[s] = T and R[u] = F for every u != s

Current algo:

Updated  algo:

R[s] = T and R[u] = F for every u != s

For every (s, u) in E
R[u] = T
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Example 2’



Re-stating the algo

R[s] = T and R[u] = F for every u != s

For every (s, u) in E
R[u] = T

Current  algo:
R[s] = T and R[u] = F for every u != s

L0 = {s}

L1 = null

For every u in L0

For every (u,w) in E
Add w to L1

For every w in L1

R[w] = T

Re-written  algo:
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Example 2
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Example 2 algo
R[s] = T and R[u] = F for every u != s

L0 = {s}

L1 , L2 = null

For every u in L0

For every (u,w) in E
Add w to L1

For every w in L1

R[w] = T

For every u in L1

For every (u,w) in E
Add w to L2

For every w in L2

R[w] = T



This is an unwieldy algo
R[s] = T and R[u] = F for every u != s

L0 = {s}

L1 , L2 = null

For every u in L0

For every (u,w) in E
Add w to L1

For every w in L1

R[w] = T

For every u in L1

For every (u,w) in E
Add w to L2

For every w in L2

R[w] = T

Identify two 
inefficiencies: 

one is trivial and 
another is a bit 

more subtle



The trivial inefficiency (ala 115)
R[s] = T and R[u] = F for every u != s

L0 = {s}

L1 , L2 = null

For every u in L0

For every (u,w) in E
Add w to L1

For every w in L1

R[w] = T

For every u in L1

For every (u,w) in E
Add w to L2

For every w in L2

R[w] = T

The 
highlighted 

pieces of 
code can be 
combined



This thing called nested loops
R[s] = T and R[u] = F for every u != s

L0 = {s}

L1 , L2 = null

For every u in L0

For every (u,w) in E
Add w to L1

For every w in L1

R[w] = T

For every u in L1

For every (u,w) in E
Add w to L2

For every w in L2

R[w] = T

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

While i < 2

For every (u,w) in E
Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++



What other extra work is going on?

R[s] = T and R[u] = F for every u != s

L[i] = {s}

i = 0

While i < 2

For every (u,w) in E

Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

s

R [blue nodes] is set 
multiple times

Fix?
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Algo for trees

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

While i < 2

For every (u,w) in E
Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While i < d
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Example 4



Algo for tree + one edge

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

For every (u,w) in E
Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While i < d

s

How would you change 
the loop condition?



How about this?

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

For every (u,w) in E
Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While there is an u s.t. R[u] == F

s

While i < d
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OK, fine-- how about this?

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

For every (u,w) in E
Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While L[i] != null

s

While i < d
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cd

Always 
satisfied!



A simple fix

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

For every (u,w) in E

Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While L[i] != null

s

If R[w] == F

This 
works!
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Example 4 (again)
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Orange node gets added to L[2]
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This would have worked too
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General Case
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Example where this fails?

R[s] = T and R[u] = F for every u != s

L[i] = {s}
i = 0

For every (u,w) in E

Add w to L[i+1]

For every u in L[i]

R[w] = T

L[i+1] = null

i++

While L[i] != null

If R[w] == F

There is 
none!



Questions?



There are notes



Breadth First Search (BFS): Algo Idea

Build layers of vertices connected to s

L0 = {s}

Assume L0,..,Lj have been constructed

Lj+1 set of vertices not chosen yet but are connected to Lj

Stop when new layer is empty



BFS Tree
BFS naturally defines a tree rooted at s

Lj forms the jth �level� in the tree

u in Lj+1 is child of v in Lj from which it was �discovered�
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Rest of today’s agenda

Every edge in is between consecutive layers

Computing Connected component


