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1Graphoveniety
A graph is a discrete structure

Toluation of objects

unordered collection of distinct objects Tn 3
have things count probabilities

graphs uses sets to represent more complexity
A B C D

G V E

Where V is a set of vertices A B C D

E is a set of edges A B B n

Graph Origin Story
Euler

Kroninsberg



goal visit everyneighborhood
traverse each bridge

exactly once

map graph

every neighborhood
vertex

every briage edge

You cannot vertex cross an edge next

visit every
neighborhood

neighborhood B c
e

f
A B so

E A B A c A D id

get from A to B How
manybridgesonce

B to D

everymap
can be repped as a graph two types of

not every graph reps
a map problems

Today in CS

google maps directions

social network relationships

recommendation systems

dependency graph for OS CPU



Definitions G V E

edge u v indicates that verties U U are adjacent

must be non empty E can be empty

valid graph

A graph can be directed or undirected

I

E A B c B E A B B C

A graph can be weighted or unweighted

14 I

A path is a sequence of vertices

where each successive pair is an edge

path from A to D
A B D shortest path
A B C D

A cycle
is a non empty path in which first last

Cycle B C D B

FEI An acyclicgraph contains no cycles



A connected graph there is a path between any
two vertices

connected not

connected

A tree is a connected graph with no cycles

Degree of a vertex is the of incident edges

deg A 2

neg B
I

deg of graph 4 2x edges

simple graph
unweighted no multieages
undirected no self loops D

7

AP2 Representationofbrap.tn
and properties

total my
2x edges d

14 total agree

every edge leaves one vertex



arrives at another
degree 3 arrive

leave
need to end at vertex anyoddagree 2mn 1 0

with odd degree
degree of each vertex
affects paths you can take

asimplegraphs of meas

adjacency

1 list

adjacery
matrix

IAajeists
list every vertex

every vertex contains
its neighbors

A B C D

B E D
E A D

A B
D A B C

IAdjMMI o noegetable of all vertices
inditate whether edge exists

ease

E I
sum of raw A 0 I l

degree of vertex
B 1 0 0 1

C 1 0 0 1

I 1 1 0



We use both reps
matrix is good to look up edges and for weighted graphs
list is good for sparse graph

4 23
totalmy 10

4 34

directed

4

5 in cg I

directedgraph at dy 1

74 in degree outdegree
total 2

1,314

7 45
not connected

eulerian path

Q 2 vertices of odd degree

0 or none



3 braphAlgonthmssenhing.ISearning a pograph

start at same vertex how do I get to another one

start at same vertex where can Iget from here

Breadth First Search BFS

start at source vertex
find 211 vertices reachable in one step neighbors

find all vertices reach able in 2 steps neighbors

neighbors
i

A C D

B 40

pC A B

D A B E

E D

BFS start at A

write down order in which we visit vertices

break ties alphabetically

BFS start at A BFS start at i

A B S C G D E F H C E a b b g C d C



I p'T
g

bfssimssnotrhhndhevertextoeveyrea.chble vertex

on simple graph

I.SemhDepthfistsemhCD.IS
start at given vertex

go down a path as far as possible until a dead end
at dead end back track as little as possible

DFS start at A break ties alpha

A C B D E result

DFS startati DFS start at A

i fir b e d e h g A B S C D E H G F

DFS result
DFS tree get rid ofextra edges 81350



Y.DijkstratsAlgoithm
B.ES gives shortest path on simple graph

Dijkstra's gives shortest path on directed weighted graph
Tnon negativestart at given vertex

want to get to every reachable vertex

every path has
total weight want smallest

visit are neighbors assume shortest path
then try for better way
relax edges
start with smallest total path
and see if the overall path
gets better

Aswego track

predecessor in path from start

Current weight of path from start

process next vertex one with shortest path so for



Dijkstra's start ats start with S

I 1 next shortest is

pred V NUTS V
1130 next shortest is w

weight 0 108 141 35 7 next shortest ist
9

1 1150 nextshotesti.su
v

s 4 1 k

pred V t s v

reight 0 8 9 5 7


