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IRecapy
Graph G Fone G

GV vertices rep by label orbyordering
G Adj u adjacency list for u

today simple graph
undirected

unweighted



1.3550min
BFS in algorithm for searching a graph

Graph G

source vertex s

not searchingfor a key though
discover all vertices reachable from S

IFnainteamweightediadjasth

o connected graph
yall vertices reachable

from S trivial

BFS 2150gives us
has to reach them

Fide path from s to every other vertex

Path from Sto B S A C D B

valid

ideal no

Another path from S to B S A BS
valid
idea V

BFS is an optimization problem

want shortestpathfrom s to every other vertex



What does BFS do

TyI visit s's neighbors Ac
reachable in one step

visit A's neighbors C'sneighbors
reachable in 2 steps

Tso nesses tree
shows all shortest paths

distance to
A I C
3 2 D 2

12BFSImplementation

Conceptual 7 pseudocode

Function needs G and sure vertex s

Keep track of nodes we've visited

keep track of distances
from s

So chich node to visit next

for each vertex its predecessor

how did I get
here in theshortestpath



Howlong is shortest pathfrom s
to any v

What is the path from s to any v

Distances Predecessors

have an attribute as each vertex have attribute a
vertex

V d s distance from s
V Tl 3 predecessor

node

keeptrack of visiting
once we've computed d and 4 on a vertex

never need to visit it again
add attributes to vertex

unite unvisited

gray in process
black done

use a queue for vertices to
visit

enqueue Q e adds element to back

dequeue Q remove t return element
fromthe front



Tb o
2 A E E R

d O x x x x

T nil nil nil nil nil

color
g

w w w W

Q CS

Hethen is a vertexgray
What are valves after S is done A is done Cis done

After s is done
S E B E R

d o 1 I

Y nil s s

color b g g
Q CC AS front
back

y gray
black



After A is done A has Is
S A B E R

d o 1 2 I

Y nil S A s

color b b g g
Q Bies

Ater C is done C has ADOS

S A B E R
d o I 2 I 2

Y nil s a s c

color b b g
b g g D B

dequeue B nothinghappens B color black

degree D nothing happens
D color

braised

when is vertex gray
when it's being processed or in the queue



S A B E R
1 2 I 2

HID
S C

color b b b b b

given this table we have the distancefrom s to u

we can construct the shortest

path from s to u

work backwards from u

1050



13 BFS.proy
no time

Correctness

run time of BFS

traditional W C

visitingeveryedge
0 A B G D

visita every earn edge

every time
we in theloop

Amortized analysis
vertex gets enquered if it was painted white

the loop never paints a vertex white only in
it

every vertex gets enquared once

and therefore can only be dequeued once

enqueue dequeue are both 06

whole sequence GCV

loop at line 12 sees every edge once

whole sequence OCE

total G Ute gooolind

o



Correctness of BFS Fingsshrystffff
observation

we use a queue to store order vertices

In example if we never dequeue

back D B C A S fount

2 T 8 drives

if u is enqueued before u then v d E le d

Define 8 s u distance of shortestpath from Sto r

want to show V d 8 su for every vertex
u

Proof by induction on value
of Ido

Base case V d 0

only happens for s which is correct I

zee vertices o such that u nd e k

o d 81s u

s o o u v d 881s o
Ek



consider vertex w with wed KH

Algo at any points adds
I fur existing d valve

some vertex v
fwwasdiscareedfondV d k

s s e

y y
we want this
to be a sp

Ajoy tow

Assumome not
some other path exists with length E K

that goes from s to w

no precedes w in this path

s no w
Uo d ok b sky

8 saw I k

Vod E k I

n d K U implies no was enquired before

But that would mean we dequered

no before u and it would be w's

predecessor w I would have been

Yontradicap
nod l instead
of v d t I


