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Generic Algorithm
initiallys is explored , other vetius unexplored

while some edge (U ,VIEE witha explored

L and v unexplored
mark v explored

Breadth-first search (BFs) Depth-first search (DFS)

explore layerwise explore like a maze



BREADTH-FIRST SEARCH

a 2

S C

b d



BREADTH-FIRST SEARCH

a 2

S C

layerO b d



BREADTH-FIRST SEARCH

a 2

S C

layerO b d

laye I



BREADTH-FIRST SEARCH

a 2

S C

layerO b d

laye I layer 2



BREADTH-FIRST SEARCH

a 2 layer 3

S C

layerO b d

laye I layer 2



BREADTH-FIRST SEARCH

marks as explored , all other vertices unexplored
Q : = a queue data structure (FIFO) , initialized with s

While Q

remove the first mode of Q , say v
for each (v , w) e E

if w is unexploredI I I
mark was explored
add w to the end of Q



BREADTH-FIRST SEARCH

Claim 1 : At the end of BFS

↓ exploredthere is a path from stov

Claim 2 : Running time of while-loop of BFS is 0 (s + ms)

Where ns = #vertices reachable from

my = # edges u U U
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SHORTEST PATHS

marks as explored , all other vertices unexplored
dist(s) : = 0

, distlu = - for all VIS.

Q : = a queue data structure (FIFO) , initialized with s

While Q

remove the first mode of Q , say v
for each (v , w) e E

if w is unexploredI I I
mark was explored
dist(w) it dist(v) + 1

add w to the end of Q
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SHORTEST PATHS

dist = 1
dist = 3

a 2

dist = 2

S C

dist = 0

b d

dist = 1 dist = 2

Claim : at termination
,
distlv =: v is in it layer

Proof : Exercise (by induction



SHORTEST PATHS

dist = 1
dist = 3

a 2

dist = 2

S C

dist = 0

b d

dist = 1 dist = 2

Claim : The augmented BFS has running time O(m+n).
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CONNECTED COMPONENTS

input : an undirected graph G = (V , E)

output : identify the connected components of G

Detecting network failures Genome clustering
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1 L

1 3

Claim : (a) At termination, 1

5

cc(u] = 22(v]> and v in same
2 L

Connected component 7 9

Idea : correctness of BES + 2 2

explored vatex is never marked unexplored 2 4

3
(b) Algo runs in 0(m +n) time 6

Idea : Time per component = 0 (M + us). 3 3

E 10
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Back home !
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DEPTH-FIRST SEARCH

Recursive version

Drs (G , s) I all vertices unexplored before the call

marks as explored

for each (S , v) in adj· list of s

I if v is unexplored

L Drs (G , v)
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DEPTH-FIRST SEARCH

Claim 1 : At the end of DFS

r is explored 7 path from stor in G

Reason : DFS is a special case of Generic Algorithm.

Claim 2 : Running time is Oys + ms)I
#reachable vertices # reachable edges

Corollary : DIS can compute connected components in linear time.


