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About the Course

� Focusesonusefulalgorithms for rangeof

practicalapplications.

� Mainly independentof programminglanguage

(but C++ examplesgiven).

� Specifictopicsinclude:

– Graphdatastructureandalgorithms.

– Stringprocessingalgorithms
� Stringsearch
� Patternmatching
� Parsing
� Compression
� Cryptography

– GeometricAlgorithms

� DOESN’Tcover complexity analysisor sorting

algorithms.Assumecoveredelsewhere!
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Books?
� Materialongraphsis coveredin almostany

datastructuresbook,e.g.,

“DataStructuresandAlgorithmswith Object

OrientedDesignPatternsin C++,Bruno

Preiss,JohnWiley, 1999.

DataStructures,AlgorithmsandSoftware

Principles,Standish,AddisonWesley.

DataStructuresAlgorithmsandSoftware

Principles,Heilman,McGraw Hill, 1996.

� Materialonstringprocessingandgeometric
algorithmsis bestcoveredin:

“Algorithmsin C++” Sedgewick, (FIRST

ORSECONDEDITION, NOT THIRD) pub

AddisonWesley, 1992.

Relatively advancedtext; usefulgeneral

reference.

� .. but fairly detailedcoursenotesprovided.

� Coursenotesshouldcover lecturematerial-

usewebsiteif youwantcopiesof lecture

handoutsaswell.

3

Lecturesand Labs

Generally:

� TuesdayandThursdaylectureswill beon

generalalgorithmsanddatastructures.

� Friday’ssessionwill beeithera tutorial,or

includerevisionof usefulC++ material(OOP,

pointersetc).

� LabsMondayandWednesday. Youmustget

somesectionsof coursework tickedoff in lab.
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Coursework

� Two mainassessedprogrammingexercises,

eachprecededby two smallrelatedlab

exercisesto becheckedin lab.

� Marks:40%for eachmainexercise,20%for

labexercises.

� Exercises:

– File Compression.Duebeginningweek5.

– Graphsearch.Dueendof week8.
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Moti vation: Why learn about algorithms

� Algorithmsprovidestandardmethodsfor doing

commonprogrammingtasks(e.g.,sorting

algorithms).

� Expertshave:

– provedthesealgorithmswork correctly.

– analysedtheircomplexity (efficiency).

e.g.,mergesortcorrectlysortsitemsand

hascomplexity O(n log n).

– Any programmerneedsto beawareof

standardalgorithms,andwhereto find

algorithmsto meetnew task.
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Why learn about algorithms

If youknow aboutavailablealgorithmsyoucan:

� avoid re-inventingthewheel.

� selectbestalgorithmbasedon informationon

complexity for differenttasks.

� developown algorithmsmoreeasily.

� understandtoolswhichuseparticular

algorithms(e.g.,gzip).
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Intr o to Algorithms:
Graph Algorithms

� Graph= network of nodesandlinks

� Numerousapplicationsusegraphdata

structures(e.g.,to representrail links, circuits,

relationshipsbetweenmodules..).

� Standardgraphdatastructurecanbeusedfor all

of them.

� Thenstandardalgorithmscanbeusedfor these

verydifferentapplications...to:

– Searchfor a routebetweentwo cities.

– Checkpathsin circuit.

– Findpossiblesequenceof modulesto take.

� Wewill look at someof thewaysof

implementingagraphdatastructure,andsome

of thecommonlyusedalgorithms.
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String ProcessingAlgorithms

= algorithmsfor processingsequencesof characters

(e.g.,datain text or graphicsfiles).

Algorithmsinclude:

	 Searchandpattenmatchingalgorithms,usedin

all text editorsetc.

	 Parsers,usedin compilersto parsecomputer

programsetc.

	 Compressionalgorithms.

	 Encryptionalgorithms.

ConsiderWWW applications.All thesetypesof

algorithmsinvolved.
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GeometricAlgorithms


 Operateon representationsof geometric

objects(points,lines,polygonsetc).


 Usefulbothfor graphicsapplications,and

certaindatabasetasks,whereconstraintson

datacanbeviewedin termsof geometric

objects.
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Revision: Abstract Data Types
� All programminglanguageshavesomeexisting

datatypes(e.g.,integer, character).

� Eachhasasetof allowedoperationson them

(e.g.,+, -).

� Notionof abstractdatatypeallows

programmerto definenew types(e.g.,stack).

� Eachuser-defineddatatypemustbe

implementedin termsof built in datatypesof

thelanguage(e.g.,class,int).

� BUT: user of thatdatatype(another

programmer)shouldn’t needto know the

underlyingimplementation.

� A fixedsetof operationsis definedfor theADT

(e.g.,push,pop).Useronly access/modifies

datatypevia theseoperations,notby low level

operationsonunderlyingdatastructure.

� C++ classesprovideaconvenientway to

implementADTs.
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ADTs and C++ Classes
� C++ Classesprovideaconvenientway to

representADTS.

� Theoperationscanbedefinedaspublic

methods,andtheunderlyingdatacanbe

definedasprivate.

� “User” canonly usepublicmethodsto

manipulatedata.

e.g.,:

Class IntQueue

{

public:

IntQueue();

void Clear();

logical IsEmpty();

int GetValue();

logical Add(int NewValue);

void Remove();

private:

ListNode *Front, *Rear;

}
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Writing Methods for Classes


 Theclassdefinitioncontainsfunction

prototypesfor theobject’s methods or

operations.


 Wedefinethemethodslikenormalfunctions,

but they areprefixedby ClassName::,e.g:

logical IntQueue::IsEmpty ()

{

return logical (Front == NULL)

}


 Within thefunctiondefinition,canaccessall

theprivateandpublicdataitemsandfunctions,

withouthaving to specifythatthey areto

operateon thecurrentobject.

void IntQueue::Clear ()

{

while (! IsEmpty()) Remove();

}
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CreatingObjects

Wecancreatevariablesof thisnew typein normal

way:

IntQueue myqueue;

myqueue.add(3);

But it is commonto createpointers to anobject,

either:

IntQueue * myqueue; // Create pointer

... // to IntQueue type.

myqueue = new queue; // Allocate memory

// for queue

myqueue->add(3);

...

delete myqueue; // de-allocate memory

Thismeansuserhasto handlememory

allocation/de-allocationusingnew/delete..but

usingpointersis moreflexible.
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Constructors and Destructors

� Constructorsareautomaticallyinvokedwhen

objectis created(e.g.,whenwedeclare

variableof typeIntQueue;or usenew).

� Usedto allocatememoryand/orinitialisedata
values.

IntQueue::IntQueue ()

{

Front = Rear = NULL;

}

� Destructorsarecalledwhenobjectis deletedor

passesoutof scope(e.g.,localvarsin function,

whenfn exits).

� Usedmainly to de-allocatememory. e.g.,could

have IntQueuedestructor:

IntQueue::˜IntQueue ()

{

while (! IsEmpty())

Remove ();

}
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Summary

� Coursefocusesonpracticalalgorithms,

particularlygraph,stringandgeometric

algorithms.

� Importantto know standardalgorithmssocan

chooseright algorithmfor giventask.

� Mostof courseindependentof programming

languageused,but Fridaysessionswill revise

relevantC++ material.
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