
 

Recap Graphs G V E
vertices Edges

DayV a b cid

E flat bc cbik.atE 196 lad3to.d3y.d
tetanic

undirected directed



1 Graphscott

Imlogynotations
n v1 m lEl
Degree of a vertex u ofedges connected to u

deg u

Indegree of a vertex u edges into a

un a a EE
8T

Outdegree of avertex in edges out of a

8 812Fence
of nodes edges from one node

to another
a d b c e aid db b c c e

Simplepath a path w o repeatingvertices

eg ad b c e is simplepath a b a d is not

Cycle A path that startsandends at samevertex
anddoesnot have repeated edges and vertices
e g a d b a apartfrom first lastvertex



Gis connected if there is a path b w
everypairof vertices connectedcomponents

connected notconnected

Applicationsof Graphs
Google PageRank Maps

Facebook social graph
Internet traffic routing

ManyMore

Graphapterntions

AdjacencyList

Array Adj of Iv linkedlists
one linked list foreachvertex un
In eachlinked list Adj in stores Adj
u's neighbors

Adjin NEV CUNEE
Default Representation

Space IV IEI



AdjacencyMatrix
V V3

IV Iv bit matrix
Atu.FI un EE

Space V14 Vn

Good if IE v12 very fast for lookup
if un exists

2 BefitserchBFS

Single Source Shortest Paths SSSP

Input Graph G V E
source SEV

Output shortest path from s to

any EV if it exists

sa
f a b
C a c

d a b 18 dl



BreadthFinterchBE a graphexplorationproblem

Idea look at vertices reachable in 0 steps
I steps
2 steps

Carefulnot repeatedlyvisit samevertices

Work forboth directed undirected

Anew Q EKET First In FirstOut FIFO

A push d E EAR 04
Q pop1 BEAR 04



BFSCG.SI

1 For all VEV
2 diste o

JOLIVI3 parentlu

4 colorlo WHITE
5 dist s 0
6 A pushls 304
7 Colorls YELLOW

8 While Q is notempty
9 u Q pops
10 Forall vEAdj.in
11 If colorla WHITE
12 distal

distantly
HEl

13 parenta u

14 I colorlu YELLEW

15 Q.push v
16 colorful GREEN

distlu gives the shortest distance from Stov

Thepath Reverse v parental parentparentlul



dist parent
a 0

C D

d N
f

I so

A D
Q go

dist parent
a 0

C D

d x

I to
S O

A
A D

Q S z 00



dist parent
a 1 S
C D

A α
toI

0 SO
A

A D
Q a zoo

dist parent
a 1 S
C D

d x
to
S O

A
A 1 S

Q a A zoo



dist parent
a 1 S
C D

d x
1 tod so

A
A 1 S

Q A z z 2 a

dist parent
a 1 S
C

IS O_O a
I a

so
A

A 1 S

Q z.c.dz 2 a



dist parent

9
s

2 A
d 2

to
v8
A 1 S

Q c d g 2 a

dist parent
a I S
C 2 A
d 2

I
0

3 a

so
V 3 C
A 1 S

Q d f v 3 2 a



dist parent
a I S

ezIS Of a
3 C

so
V 3 C

A 1 S

Q f v g 2 a

dist parent
a I S
C 2 A
d 2

I 3 C
so
V 3 C

A 1 S

Q z 2 a



D vertices not added to Q yet undiscovered
0 vertices currently in Q unexplored
O vertices out of Q already finished

Coloring kinda overkill here could use a boot visited

But will be useful in the future
sometimes also colored as 0 0,000

This gives us a

Bf
with roots

I

Retime IVHEI



forany u v if u added to Q before u
dist u distr

Poet LoopInvariant
Forany two vertices v V2currently in Q

dist vi dist Va I
For any

discovered 10 0 I vi v2
if v pushed into Q beforev2

v poppedout beforev
v finished beforeV21

then dist lv.IE dist at

Init
Maintenance

By invariants all vertices in Q are in increasing

order of their dist their dist is at leastdistlu
but at most dist u 1 The new v's we add into
Q have dist of dist a 1 Soeverything in Q has

dist u or dist w 1



If not that means when we're discovering U
adding it to Q there is a vertex v already discovered

with dist v dist v dist a 1
i if v added to Q before u

dist v dist u contradiction

ii if u added after u
that means v still in Q By
dist u distlv dist u 1 contradiction

Termination Forany u v if u added to Q before v
dist u distal

Forfull proofofcorrectness see CLRS 520.2 optional


