MAT?2540, Classwork13, Spring2026
10.1 Graphs and Graph Models
1. Definition: Undirected Grapbhs.

A graph G = (V, E) consists of V, a nonempty set of M'ﬂ ! A(€S (ornodes) and E, a set of QA324 . Each
edge has either one or two vertices associated with it, called its _en d‘xﬂgz S - An edge is said to connect its endpoints.

Infinite graph: a graph with an 'm:fj 1@ _ vertex set or an '\-m:ﬁﬁ @__ number of edges. Detroit .

Finite graph: a graph with a :E[]Etg vertex set and a | r Wtg  edge set. . FI%M

Denver

2. Simple graph and Multigraphs.
A graph is called a simple graph if ed erfitgs, and N0 "TWO CD%B%
connedk A Some palp ofy  Veytites. .

A graph is called a multigraph if it has h_/Mde go_\( gg§ connects two different Vertlcénsm%ﬁm

Wolos  LputTE03 1 oS

Los Angeles

3. The representations of the edge.
When there is an edge of a simple graph associated to {u, v{ﬁ, we can also say that {u, v} is e aph
In a multigraph, when there are m different edges associated to the same Mbgrdaﬂd pair of vertices {u, v},
Detroit

-~ ~ -~

Chicago New York

we also say that {u, v} is _(Qh

San Francisco

‘Washington

4. The Pseudograph and the loops.

Los Angeles

An edge is called a lb ap if it connects a Vertex to itself, and it may have [0} Than__oug_loop at a vertex.
Graphs that include (00 Ps and W\gdjd p\g % ¢ connecting the same pair of vertices or a vertex to itself
are called lﬁggdogmph

5. Definition: Directed Graphs.
A directed graph (or digraph) (V, E) consists of a nonempty set of vertices V and a set of directed edges (or arcs) E.
Each directed edge is associated with an oroles ed pair of vertices. The directed edge associated with the

ordered pair@ i§ said to Starb at & and end ot V . e DS o
( “ ! V) 4 LV' “) .———}-‘ San Francisco =
i u, Vi = i V, MB M v — Washington
6. The types of Directed Graphs.

Simple directed graph: a directed graph has {10 [OQP and has n0 NP ] Q d

Directed multigraphs: Directed graphs that may have m“[j[pl Q0 directed edges from a vertex to a second (possibly

the same) vertex are used to model such networks. When there are m directed edges, each associated to an ordered pair

of vertices (u, v), we say that (u, v)is QI edgL WA mu\ﬂplm m. ) Chicago D505 New York

‘Washington
Denver

Mixed gl”aph A gl’aph Wlth bOth MM_Q%> San Francisco

Los Angeles

7. Graph Terminology

Type Directed Edges? Multiple Edges Allowed? Loops Allowed?
Simple graph W/\o{(feﬂfA NO MO
Multigraph UM(redQl Yes Ao
Pseudograph und freded Ye.s fes
Simple directed graph oh'r, JI(A ‘I\/b NO
Directed multigraph direded . Yes Ye.s
Mixed graph undiferted and‘ ‘ oli-f edfed YC, 5 (rf- S5




8. Three key questions can help us understand the structure of a graph:

D Are, tle ed9e8 ol *a- graph undiredted s oldected (or both) ?

2 Tf the gmph Ts andifedted , Are maltiple colaz,s

Pair ok ertios 2 Tf e Japh is difeded , are multile d@’k preseat.

3)
9. Example of Social Networks: Influence Graphs.

-

Linda Brian Is this graph a directed or undirected graph? DI?(J Qd
Each Derssw of the group is represented by a vertex.
)

In this graph, who can influence each other? Bu Kh a@d i i[ 0 hing

10. Example of Software Design Application: Precedence Graphs and Concurrent Processing
° 6 Is this graph a directed or undirected graph? Pﬁ’e{}Qd
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It can be executed more rapidly by executing certain statements concurrently.
Each 4f ﬂ( !.!Mﬂ!ﬂa:t: is represented by a vertex, and there is an edge from one

preset ~that Connw(* Tl Sam

There is a directed edge from vertex a to vertex b when the person represented by

_ AN in letox |,
beborah Fred Yvomie 1y this graph, who cannot be influenced?

S =a+1
; e /].\ S3 statement to a second statement if g SﬁCOId st g] 'gmgﬂv_ cannd be
i

Sg e:=c+d

di=b+a o
) execated befpo e firt
S5 e=d+1 /l\ bue
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1‘ S Owl
Opossum Squirrel
11. Example of Graph Model: Niche Overlap Graphs in Ecology. _ crow
Niche overlap graph: AL COYY\?Q:U_'('R)V\ bethﬂ/\ SPQUNQS 1N .Q,COSZS'OW’\
Is this graph a directed or undirected graph? [AV\{M’ EKQO{ ( LY R A witugl ) e Mouse

Is this graph a simple or multigraph? S—( W\pU{

Woodpecker

Each ggzg (125 isrepresented by a vertex. An undirected edge connects two vertices if ‘CLUL WO s'peu“e, S

b

12. Example of Graph Model: Semantic Networks

In semantic networks, vertices are used to represent WWJ.Q , and wdffufd P

Printer

Wolf

edges are used to connect vertices when a semantic relation holds between Cat

Mouse

these words. A semantic relation is a relationship betiban €I AT mgre D=

WY { dh n

13. Example of Graph Model: Tournaments.
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