Data Structur esand Algorithms I
Lecture 9: Graph Algorithms

» Motivation
» Terminology

» GraphAbstractDataType.

Moti vation

Thesecanall begraphicallyrepresented:

Eachof theses agraphstructure.

Motivation

Many problemscanbeformulatedin termsof

» asetof entities.

» relationshipbetweerthem.
Examples:

» Routefinding:
objects= towns, relationships= road/raillinks.

» Courseplanning:
objects= coursesrelationships= prerequisites.

» Circuitanalysis:
objects= componentsielationships= wire
connections.

» Gameplaying:
objects= boardstate relationshipss moves.

Definition
A graphis adatastructureonsistingof:
w asetof vertices (or nodes).

w asetof edges (or links) connectinghevertices.

ie, G = (V, E) whereV is asetof vertices E = setof
edgesandeachedgeis formedfrom pair of distinct
verticesin V

If we represenbur problemdatausinga graphdata
structure canusestandardyraphalgorithms(often
availablefrom codelibraries)to solweit.




Graph Algorithms

Graphalgorithmsthatwe will look atinclude:

» Searchindor a pathbetweertwo nodes.
- Canbeusedin gameplaying,Al, route
finding, ..

» Findingshortespathbetweertwo nodes.

» Findingapossibleordering of nodesgiven
someconstraints.
- e.g.,finding orderof modulego take; orderof
actionsto completeatask.

Graphsand Trees

Graphsaremoregenerathantrees.(Treesarea
speciakind of connectedyraph,with no cyclesand
a“root”).

Treeterminology:children,parentsancestors,
siblings,decendantspot, leaf.

Mor e Terminology

Needto befamiliarwith anumberof terms,which
canbeexplainedgraphically:directed/undirected;
cyclic/agyclic; labelled;connected/unconnected;
adjacentneighbourspath;

A Graph ADT: Operations
Needto define:
» Operationgor modifying andinspectinggraph.

» Datastructurefor graphitself.

For simpleundirected, unlabelled graph,asmallset
of operationss enoughfo:

» Createagraph.
» Add andremove edgedo thegraph.

w» Checkif anedgeexists.

If we assumall nodesareindentifiedby anumber
following C++ functionscanbeused:

graph(); /I constructor

“graph(); /I and destructor
/I (may be empty)

void addedge(int nl, int n2);

void removedge(int nl, int n2);

logical edgeexists(int nl, int n2);




Graph ADT: Operations (cont)

For alabelledgraphwe might alsowantoperations
to add,remorve andinspectabels.In C++we might
have:

void setlabel(int n, label I);
label  getlabel(int ny;

wherelabelis a suitabledatatype

A Simple Graph ADT using C++ Classes
(Note: Fridaywill reviseclassesandinheritance)

Usingabove representatiomwe canhave following
very simpleclassdefinition:

class graph()

{

public:

graph();

“graph();

void addedge(int nl, int n2);
void removedge(int nl, int n2);
logical edgeexists(int nl, int
private:

logical g[MaxSize][MaxSize];

}

- Thisusesafixedsizearray Not idealasmaywant
graphsof varyingsize.May usepointersto allow
variablesizedarrays.

- Also canimprove with privatevariableto denote
sizeof graph,andconstructomargumento setsize.

2);
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Graph ADT: Implementation

Whatbuilt in or userdefineddatatypesanwe use
to represena graph?Two methods:

1. Adjacency matrix method.
UseN x N arrayof boolearvalues:

w N - O

M- -4 mo
mH4T AR
AT AN
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(or canjustuseinteger, and1/0)

If arraynameis G, thenG[n][m] =T iff edgeexists
betweemoden andnodem.
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Graph ADT

Write thefunctiondefinitionfor “edgeexists” based
onthisway of representingraphs.
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Graph ADT: Implementation
2. EdgeList Method.

Useldarray but make eachitemin arraybealist
of adjacennodes:
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Linkedlists (e.g.,IntList) maybeusedto represent
thesdlists, sowe couldhave a datastructure:

private:
IntList edges[MaxSize];

But now to checkwhetheredgeexistsbetweeml1
andn2 needto look at list containedn edges[n1]
andseeif hasn2in thelist.

13

Summary

Graphsareusedfor problemswheredata
consistof objectsandrelationshipbetween
objects.

Graph= setof nodegvertices)andsetof edges
betweemodes.

ADT needoperationgo modify andinspect
edges.

Two mainimplementationsedgelists and
adjaceng matrix.
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Comparison

Adjaceny matrixis:

» Easytoimplement

» Mostoperationareefficient.

but it usesalargearray andinefficient for sparse
graphs.

Edgelistsare:

» A little harderto implement.

» Someoperationsarelessefficient, asrequire
list traversal.

but it is muchmoreefficientin termsof space,
especiallyfor sparsegraphs.
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