Lecture 19
Introduction to Giraffes




CSCI 241

Lecture 19
Intro to Graphs: Terminology, Representation



Announcements

e Lab 7 is (finally) out!

* No code, just some stuff to read and some written
problems to answer in a .txt file.



Goals

e Know the definition of a graph and basic associated terminology:

* Node/vertex; edge/arc; directed, undirected; adjacent; (in/out-)degree; path;
cycle;

e Understand how to represent a graph using:
e adjacency list
* adjacency matrix

» Be able to implement and analyze the runtime of simple graph
operations on adjacency matrices and adjacency lists.

e Know how to implement breadth-first and depth-first graph

traversals.
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-« Graph: a bunch of points connected by lines. -
=
The Ilnes may have dlrectlons or not g




This Is a graph:
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The edges are made of these:




Social Networks

(before they were cool)

Republic of Letters

Locke’s (blue) and Voltaire’s (yellow) correspondence.
Only letters for which complete location information is available are shown.
Data courtesy the Electronic Enlightenment Project, University of Oxford.




Social'Networks

(before they were cool)

Ancré Morellet

Voltare

Benjamin Franklin
Anne Robert Jacques Turgot @

Octavie Durey de Mesneéres

Madame Helvetus
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The USA as a graph:

* Neighboring states are connected by edges.




c .
lectrical circuit
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A bigger electrical circuit




This is not a graph:

It IS a cat.
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Graphs: Abstract View
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Graphs, Formally

. Cted graph (digraph) is a pair Q{ E) where:

* Visa (finite) set

* Eisaset o\ordﬂj]palrs (Lrj V) where u, v are m@
— 0

e Often (not always): @(l e. no edges from a vertex to itself)

e An element in V is called(@ vertex or node

* Elements in E are called edges or arcs

/—/—\

o |V| =size of V (traditionally called n)

e |[E| = size of E (traditionally called m)



An example directed graph

V=1{4,B,C,D,E)

E= (4, 0), (B, 4),
(B, ), (C, D),
(D, C);

[V1=5

IE| =5 G




Graphs, Formally

* An undirected graph is a just like a digraph, but

* E is a set of unordered pairs (u, v) where u, v are in V
V=1{4,B,C,D, E}

T
(mH—Ky E= {{4.C}, (BA},

y {B,C}, {C,D}}
_> V=5
H—0 0 o

* An undirected graph can be converted to an equivalent directed
graph:

* Replace each undirected edge with two directed edges in
opposite directions

* A directed graph can’t always be converted to an undirected graph.



Graph Terminology:
Adjacency, Degree

Two vertices are adjacent if they are connected by an edge

Nodes u and v are called the source and sink of the directed ., ¢
edge (u, v) s >é

Nodes u and v are endpoints of an edge (u, v) (directed or
undirected)

The outdegree of a vertex u in a directed graph is the number of
edges for which u is the source

The indegree of a vertex v in a directed graph is the number of
edges for which v is the sink

The degree of a vertex u in an undirected graph is the number
of edges of which « is an endpoint



Graph Teminology: Paths,
Cycles

e A path is a sequence of vertices where
each consecutive pair are adjacent.

* In a directed graph, paths must follow 0‘9
the direction of the edges (nodes must -
be ordered source then sink). Path A,C,D

e A cycle is a path that ends where it
started, e.g.: X, y, z, X

e A graph is acyclic if it has no cycles.



Social Networks

A social network can be modeled as a graph.

e Facebook model: both people must agree
to be "friends". @L@

e Twitter model: A can "follow B"; @
Independently, B may or may not follow A.

é—’
5—,@

ABCD . A: directed / undirected
Facebook is a(n) wdireded graph  B: acyclic / not acyclic

Twitter is a(n) dreded  graph @ot acyclic; acyclic

ndirected / directed




Graph Terminology

What is the graph term for the number of facebook

friends a person has?
@/@\@
Scolt @



Graph Terminology

What is the graph term for the number of people
someone follows on Twitter?

Ou&k@% =3

v ALY
=



Representing Graphs:
Adjacency Lists

public class GraphNode {
f// fields storing information
// about this node

— List<GraphNode> neighbors;

} —
Node: Neighbors: %J}CZ/&M e 1 2
B--B-a
B8
(8] 4 3
BB




Representing Graphs:
Adjacency Matrix

public class Graph {
boolean|[ ][] adjacent; // size n x n

}

Adjacency lists:
Node: Neighbors: 1 2

.

BB




Representing Graphs:
Adjacency Matrix

public class Graph {

: bgglgggﬁ][] adjaceii // size n X n
3 Eo Q9 ; S
Adjacency lists: Adjacency Matrix: \ _L
Node: Neighbors: 12 3 4 1
101 0 1

20 010
30000
40 110

%)




Adjacency lists:

Node: Neighbors: 1 2
B-B-a
B8
B 4 3
B8

* Letn = IVl and m = |El; Iet degree of u

e ABCD: How much space does it take to store G
as an adjacency list vs. adjacency matrix?
A. List: O(n2+e); Matrix: O(n2)
B. List: O(n+e); Matrix: O(n + €)
C. List: O(n2);  Matrix: O(n + €2)
D. List: O(n+e); Matrix: O(n2)



Adjacency lists: Adjacengy Matrix:

Nooé Neighbors: 12 3 4 1 2
s e [ ]
4 3

ml W% "|s0000

Vao 110
T S
e Lletn=1|VI andm (IEI let d(u) = degree of u
> | E

e ABCD: How much space does it take to store G

as an adjacency list vs. adjacency matrix?
— A. List: O(n2+ﬁe,l
B. List: O(n+€); Matrix: O+ e)

(
C. List: O(n2);  Matrix: O(n+\e2)
(

(2> D. List: O(n+8);_Matrix: O8] J ~




Adjacency lists:

Node: Neighbors: 1
B-B-na
B-H
4
-8

e Letn=1IVIand m = |El; let d(u) = degree of u

e ABCD: What’s the runtime of iterating over all
edges?
A. List: O(n2); Matrix: O(n2)
B. List: O(n+e); Matrix: O(n2
C. List: O(n + €); Matrix: O(n+ €)
D. List: O(n+e); Matrix: O(n2 + e)



Adjacency lists: Adjacency Matrix:

Node: Neighbors: 12 3 4 1
BB 10101
2B 20010
o 30 000 4

oB| 0o

e Letn=1|VI|Iand % = |El; let d(u) = degree of u

e ABCD: What’s the runtime of iterating over all
edges?
A. List: O(n2); Matrix: O(n2)
B. List: O(n+e); Matrix: O(n2
C. List: O(n + €); Matrix: O(n+ €)
D. List: O(n+e); Matrix: O(n2 + e)



Adjacency Matrix vs
Adjacency List

e Reminder: n = IVl and m = |[El; let d(u) = degree of u
e Adjacency matrix:

e Storage space: O(n?)

* [terate over edges: O(n2) time

e Check if there’s an edge from u to v: O(1)

* Good for dense graphs

* e.g, if n?is close to n?, you need n2 storage anyway.



Adjacency Matrix vs
Adjacency List

e Reminder: n = IVl and m = |[El; let d(u) = degree of u

. . 12 3 4

e Adjacency matrix:
101 0 1
» Storage space: O(n?) 200 10
* [terate over edges: O(n2) time 30000
401 10

* Check if there’s an edge from u to v: O(1)
* Good for dense graphs

* e.g, if n?is close to n?, you need n2 storage anyway.



Adjacency Matrix vs
Adjacency List

 Reminder: n = IVl and m = |[El; let d(u) = degree of u
Node: Neighbors:

e Storage space: O(n + e) B

* Adjacency list:

* lterate over edges: O(n + €) time n

* Check if there’s an edge from u to v: O(d(u)) m

* Good for more sparse graphs:

* e.g., iflIElis close to n, n + e ~=2n, which is O(n)



Graph Algorithms

You can take entire graduate-level courses on
graph algorithms. In this class:

e Search/traversal: search for a particular node
or traverse all nodes (Lab 8)

e Breadth-first

* Depth-first
e Shortest Paths (A4)

e Spanning trees



Graph Algorithms

You can take entire graduate-level courses on
graph algorithms. In this class:

e Search/traversal: search for a particular node
or traverse all nodes (Lab 9)

e Breadth-first

* Depth-first



