
Data Structur esand Algorithms II
Lecture9: Graph Algorithms

� Motivation

� Terminology

� GraphAbstractDataType.
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Moti vation

Many problemscanbeformulatedin termsof

� asetof entities.

� relationshipsbetweenthem.

Examples:

� Routefinding:

objects= towns,relationships= road/raillinks.

� Courseplanning:

objects= courses,relationships= prerequisites.

� Circuit analysis:

objects= components,relationships= wire

connections.

� Gameplaying:

objects= boardstate,relationships= moves.
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Moti vation

Thesecanall begraphicallyrepresented:

Eachof theseis agraphstructure.

3

Definition

A graphis adatastructureconsistingof:

� asetof vertices (or nodes).

� asetof edges (or links) connectingthevertices.

ie, G = (V, E) whereV is asetof vertices,E = setof

edges,andeachedgeis formedfrom pairof distinct

verticesin V

If we representourproblemdatausingagraphdata

structure,canusestandardgraphalgorithms(often

availablefrom codelibraries)to solve it.
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Graph Algorithms

Graphalgorithmsthatwewill look at include:

� Searchingfor apathbetweentwo nodes.

- Canbeusedin gameplaying,AI, route

finding,..

� Findingshortestpathbetweentwo nodes.

� Findingapossibleordering of nodesgiven

someconstraints.

- e.g.,findingorderof modulesto take;orderof

actionsto completea task.
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Mor eTerminology

Needto befamiliarwith anumberof terms,which

canbeexplainedgraphically:directed/undirected;

cyclic/acyclic; labelled;connected/unconnected;

adjacent;neighbours;path;
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Graphs and Trees

Graphsaremoregeneralthantrees.(Treesarea

specialkind of connectedgraph,with nocyclesand

a “root”).

Treeterminology:children,parents,ancestors,

siblings,decendants,root, leaf.
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A Graph ADT: Operations

Needto define:

� Operationsfor modifyingandinspectinggraph.

� Datastructurefor graphitself.

For simpleundirected, unlabelled graph,asmallset

of operationsis enough,to:

� Createagraph.

� Add andremove edgesto thegraph.

� Checkif anedgeexists.

If weassumeall nodesareindentifiedby anumber,

following C++ functionscanbeused:

graph(); // constructor

˜graph(); // and destructor

// (may be empty)

void addedge(int n1, int n2);

void removedge(int n1, int n2);

logical edgeexists(int n1, int n2);
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Graph ADT: Operations(cont)

For a labelledgraphwemightalsowantoperations

to add,remove andinspectlabels.In C++ wemight

have:

void setlabel(int n, label l);

label getlabel(int n);

wherelabelis asuitabledatatype
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Graph ADT: Implementation

Whatbuilt in or userdefineddatatypescanweuse

to representagraph?Two methods:

1. Adjacencymatrix method.
UseN x N arrayof booleanvalues:

0 1 2 3

0 F T T F

1 T F T F

2 T T F T

3 F F T F

(or canjustuseinteger, and1/0)

If arraynameis G, thenG[n][m] = T iff edgeexists

betweennoden andnodem.
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A SimpleGraph ADT usingC++ Classes

(Note:Fridaywill reviseclassesandinheritance)

Usingabove representationwecanhave following

verysimpleclassdefinition:

class graph()

{

public:

graph();

˜graph();

void addedge(int n1, int n2);

void removedge(int n1, int n2);

logical edgeexists(int n1, int n2);

private:

logical g[MaxSize][MaxSize];

}

- Thisusesafixedsizearray. Not idealasmaywant

graphsof varyingsize.May usepointersto allow

variablesizedarrays.

- Also canimprove with privatevariableto denote

sizeof graph,andconstructorargumentto setsize.
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Graph ADT

Write thefunctiondefinitionfor “edgeexists” based

on thiswayof representinggraphs.
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Graph ADT: Implementation

2. EdgeList Method.

Use1darray, but make eachitem in arraybea list

of adjacentnodes:

0 (1 2)

1 (0 2)

2 (0 1 3)

3 (2)

Linkedlists (e.g.,IntList) maybeusedto represent

theselists,sowecouldhaveadatastructure:

private:

IntList edges[MaxSize];

But now to checkwhetheredgeexistsbetweenn1

andn2needto look at list containedin edges[n1]

andseeif hasn2 in thelist.
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Comparison

Adjacency matrix is:

� Easyto implement

� Mostoperationsareefficient.

but it usesa largearray, andinefficient for sparse

graphs.

Edgelistsare:

� A little harderto implement.

� Someoperationsarelessefficient,asrequire

list traversal.

but it is muchmoreefficient in termsof space,

especiallyfor sparsegraphs.
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Summary

� Graphsareusedfor problemswheredata

consistsof objectsandrelationshipsbetween

objects.

� Graph= setof nodes(vertices)andsetof edges

betweennodes.

� ADT needsoperationsto modify andinspect

edges.

� Two mainimplementations:edgelistsand

adjacency matrix.
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