Graphs: Definitions and
Representations

CSE 373
Data Structures and Algorithms
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Today’s Outline

* Announcements
— On Friday we will meet in EXEC 110
— HW #4 due at the beginning of class Friday
— Midterm #2 — Wed May 20

» Graphs
— Representations
— Topological Sort

5/13/09

5/13/09

Graph Definitions

In directed graphs, edges have a specific direction:

Han Q Luke
Q)‘feia

In undirected graphs, they don't (edges are two-way):

Han Luke

. _ ) Leia
visadjacenttouif (uv) 0OE
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Graph... ADT?

¢ Not quite an ADT...
operations not clear

. . Har, QLuke
« A formalism for representing Cb}/
relationships between objects

Leia
GraphG = (V,E)
— Set of vertices:
Vo={V VgV ) V={ Han, Leia, Luke}
— Set of edges: E={( Luke, Leia),
= (Han, Leia ),
E={e 1.6,...84 (e o2

where eacle; connects two

vertices(V ;1 ,V ;)
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More Definitions:
Simple Paths and Cycles

A simple path repeats no vertices (except that the first cg
be the last):
p = {Seattle, Salt Lake City, San Francisco, Dallas
p = {Seattle, Salt Lake City, Dallas, San Francis®eattle}

A cycleis a path that starts and ends at the same node:
p = {Seattle, Salt Lake City, Dallas, San Francis®eattle}
p = {Seattle, Salt Lake City, Seattle, San FramziSeattle}

A simple cycleis a cycle that repeats no vertices except
that the first vertex is also the last (in undieect
graphs, no edge can be repeated)
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Trees as Graphs

« Every tree is a graph! (&)
* Not all graphs are trees!
grap &) ©

A graph is a tree if ® ®
— There areno cycles
(directed or undirected)

— There is gath from the
rootto every node
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Directed Acyclic Graphs (DAGS)

main()

DAGs are directed
graphs with no

(directed) mut)
cycles. add()
Aside: If program call-graph \
isa DAG, then all procedure access() O read()
callscan bein-lined
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Graph Connectivity

Undirected graphs areonnected if there is gpath between any
two vertices

Directed graphs aretrongly connected if there is gpath from any
one vertex to any other

Directed graphs areveakly connected if there is gpath between
any two vertices, ignoring direction

A complete graph has apdge between every pair of vertices
—
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Graph Representations

Hanﬁ /(pLuke
0. List of vertices + list of edges - Teia

1. 2-D matrix of vertices (marking edges in thésye
“adjacency matrix”

2. List of vertices each with a list of adjaceattices
“adjacency list”

Things we might want to do:

* iterate over vertices

* iterate over edges

* iterate over vertices adj. to a vertex

» check whether an edge exists

2]

Vertices and edge
may be labeled
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Some Applications:
Moving Around Washington

Bellingham

Seattle Wenatchee

Tacoma S Bl

Olympia

Enumclaw

Yakima Pullman

Richland

What's theshortest way to get from Seattle to Pullman?
Edge labels:
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Some Applications:
Reliability of Communication

If Wenatchee's phone exchangmes down,
571300 can Seattle still talk to Pullman? 13

Representation 1: Adjacency Matrik
A V| x V]| array in which an element
(u,v) istrue if and only if there is an edge
fromutov Han Luke Leia
Han Luk Han
CQ::::\E)I/(SP Luke
Leia
space requirements: runtime:
Representation
« adjacencymatrix:
A _ [ weight ,if (u v) OE
(L] - { 0 Jf @ v) OE
1 2 3 4
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Some Applications:
Bus Rniitec in Dnwntnwn Seattle

4th
3rd

2nd T—A

1st

auld

id
uojun
eJeuss o

STSEYNI,

If we e au o~ anu Finie, nuw van we getto

1stand University using Metro?
14
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Representation 2: Adjacency List

A |V| -ary list (array) in which each entry store
a list (linked list) of all adjacent vertices

Han
Han Luke
Luke
Leia

Leia

space requirements: runtime:
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"2

Representation
« adjacencyist:

B W N P
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Representation
« adjacencyist:

i

O

SAS

Application: Topological Sort

Given a directed graplg = (V,E) , output all the
vertices inV such that no vertex is output before
any other vertex with an edge to it.

Isthe output unique?
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L T,
2
3
4
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Valid Topological Sorts:
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.

Queue q(NUM_VERTICES); int counter = 0; Vertex v, w
labelEachVertexWithltsIn-degree();

for each vertex v queue
if (v.indegree ==0)
g.enqueue(v);

while (1g.isEmpty(){
v = g.dequeue(); indegree 0
v.topologicalNum = ++counter;
for each w adjacent to v
if (--w.indegree ==0)
g.enqueue(w); insert new
} eligible
} vertices
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void Graph::topsort(){
Vertex v, w;

labelEachVertexWithltsin-degree();

for(int count=0; count<NUM_VERTICES; count++){
v = findNewVertexOfDegreeZero();

v.topoNum = count;

for each w adjacent to v
w.indegree--;
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