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Discretestructures sets sequencesgraphs
graphsrep complex ideas relationships

graphsoftenrepresentmaps
everymap can be graphsnoteverygraphisamap

G V E

BO vertices set A BCD E F

edges set definedbyendpoints
A B D E FD

ex as amap propertiesof this graph
vertices intersections simple degreeA 2 connected

edges streets undirected degreeG 12

unweighted vertices 6

cyclic edges 6



graphcan have a vertex Isimples
withoutedges no self loops AIA
can't have an edge nope no doubleedges ofwithoutvertices

undirected directed
edge A B means
we cangofrom A to B edge A B exists
and B to A edge B A doesnot exist
A has B as aneighbor A was B as a neighbor
B has A 25 a neighbor B doesnot haveA as aneighbor

unweighted
no valves assocwithedges

tweighted
edgeshave valves

edges exist or not rep time cost distance etc

cyclic multieagecpath sequenceofvertices
connectedbyedges

A BD E

cycle paththatstartsends
at samevertex

A_314A
AEB

DAG directed21yoicgrph Iconned
Knownproblems can be solved pathexistsbetweenany 2

vertices

Istronglyconnected

deg v edgesincident same idea but graphis directed
on vertex v

GLA 2
useful to isolate strongly

as connected components
total degreeof agraphldegreeofdirectedgrpnfis2IE indegree

outdegree



2GraphTraversall
visiteveryvertex

math G V E sets

prog implementation

Adjacencylist adjacency list
set of vertices

aadjacencymatn.fi
eachvertex linked list

of neighbors

neighbors convertedbyoneedge toundirectedgraph edges are
repeated S A B

ftp.dnfstsooonCBFS A S B CV
findseveryvertex reacrable B S D A
from a startingvertex C A D
visit S's neighers D B C

distance 1
visit neighbors neighbors s A B C D
distance 2 v d 0 1 1 2 2

v a S S A B
track distance from S vd

A B in onestep S A
track path from s V T

S B
break ties in alpha order CID in twosteps S A C

S B D

run time is linear optimizations

if unweighted finds stest path
to everyreachablevertex



fTraversae2DeptuFirtSWJ DFs Approach
DFS adj list
findall verticesreachablefrom startat s visit new
startingvertex vertices as deepas possible

note shortest path backtrack whennothing
new to visit

BE track start finish times
S A B C D E

start 012673

finishti.me 11 10 5 9 8 4

what do wegetfromDFS DISTG
orderby finish time topologital sort

y g
detect a cycle
DFS tree simplified graph
detect strongly connected components


