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Aboutthecourse

» Motivation: Why learnaboutalgorithms.

» Introto graph,stringandgeometricalgorithms.

» Revisionof ADTs andC++ Classes.

Note: CourseWeb Site:
http:/I" alison/alg/details.html

Books?

» Materialon graphss coveredin almostary
datastructuredook,e.g.,

“Data StructureandAlgorithmswith Object
OrientedDesignPatternsn C++, Bruno
PreissJohnWiley, 1999.
DataStructuresAlgorithmsandSoftware
Principles StandishAddisonWesley.
DataStructuredAlgorithmsandSoftware
Principles Heilman,McGraw Hill, 1996.

» Materialon stringprocessingandgeometric
algorithmsis bestcoveredin:

“Algorithmsin C++” Sedgwvick, (FIRST
OR SECONDEDITION, NOT THIRD) pub
AddisonWesley, 1992.

Relatively advancedext; usefulgeneral
reference.

» .. but fairly detailedcoursenotesprovided.

» Coursenotesshouldcover lecturematerial-
usewebsiteif youwantcopiesof lecture
handoutsaswell.

About the Course

» Focusen usefulalgorithms for rangeof
practicalapplications.

» Mainly independenof programmingdanguage
(but C++examplesgiven).

» Specifictopicsinclude:

— Graphdatastructureandalgorithms.

— Stringprocessinglgorithms
Stringsearch
Patternmatching

Parsing

Compression
Cryptograply

— GeometricAlgorithms
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w» DOESN'T cover compleity analysisor sorting
algorithms.Assumecoveredelsevhere!

Lecturesand Labs
Generally:

» TuesdayandThursdaylectureswill beon
generaklgorithmsanddatastructures.

» Friday’ssessiorwill beeitheratutorial, or
includerevision of usefulC++ material(OOR
pointersetc).

» LabsMondayandWednesdayYou mustget
somesectionf coursevork ticked off in lab.




Coursework

» Two mainassessegrogrammingexercises,
eachprecededy two smallrelatedab
exercisedo bechecledin lab.

» Marks: 40%for eachmainexercise,20%for
lab exercises.

» Exercises:

— File CompressionDue beginningweek5.

— GraphsearchDueendof week8.

Why learn about algorithms

If youknow aboutavailablealgorithmsyou can:

» avoid re-inventingthewheel.

» selectbestalgorithmbasedninformationon
compleity for differenttasks.

» developown algorithmsmoreeasily

» understandoolswhich useparticular
algorithms(e.g.,gzip).

Motivation: Why learn about algorithms

» Algorithmsprovide standardnethoddor doing
commonprogrammingasks(e.g.,sorting
algorithms).

» Expertshave:

— provedthesealgorithmswork correctly

— analysedheir compleity (efficiengy).
e.g.,megesortcorrectlysortsitemsand
hascompleity O(nlog n).

— Any programmeneeddo be awareof
standardalgorithms,andwhereto find
algorithmsto meetnew task.

Intr o to Algorithms:
Graph Algorithms

» Graph= network of nodesandlinks

» Numerousapplicationausegraphdata
structurege.g.,to representail links, circuits,
relationshipsetweermodules..).

» Standardyraphdatastructureanbeusedfor all
of them.

» Thenstandardilgorithmscanbe usedfor these
very differentapplications..to:
— Searchor aroutebetweertwo cities.
— Checkpathsin circuit.
— Find possiblesequencef modulegto take.
» Wewill look at someof thewaysof

implementinga graphdatastructure andsome
of thecommonlyusedalgorithms.




String ProcessingAlgorithms

= algorithmsfor processingequencesf characters
(e.g.,datain text or graphicdiles).

Algorithmsinclude:

» Searchandpattenmatchingalgorithms,usedin
all text editorsetc.

» Parserspysedin compilersto parsecomputer
programsetc.

» Compressiomlgorithms.

» Encryptionalgorithms.

ConsideWWWW applicationsAll thesetypesof
algorithmsinvolved.

Revision: Abstract Data Types

» All programmindanguage$iave someexisting
datatypege.qg.,integer, character).

» Eachhasasetof allowedoperationonthem
(e'g'!+! ')'

» Notionof abstractatatypeallows
programmeto definenew types(e.g.,stack).

w» Eachuserdefineddatatypenustbe
implementedn termsof built in datatype®f
thelanguag€de.g.,class,nt).

w BUT: user of thatdatatypganother
programmerkhouldnt needto know the
underlyingimplementation.

» A fixedsetof operationss definedfor the ADT
(e.g.,push,pop). Useronly access/modifies
datatypevia theseoperationsnot by low level
operation®n underlyingdatastructure.

w C++classeprovide aconvenientway to
implementADTSs.
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Geometric Algorithms

» Operateon representationsf geometric
objects(points,lines, polygonsetc).

» Usefulbothfor graphicsapplicationsand
certaindatabas¢askswhereconstraintn
datacanbeviewedin termsof geometric
objects.
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ADTs and C++ Classes

w C++ Classegrovide acorvenientway to
represenADTS.

» Theoperationganbedefinedaspublic
methodsandthe underlyingdatacanbe
definedasprivate.

» “User” canonly usepublic methodgo
manipulatedata.

e.gd.,
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 Methodsfor Classes

» Theclassdefinitioncontainsfunction
prototypedfor the objects methods or
operations.

» We definethe methoddik e normalfunctions,
but they areprefixedby ClassName:¢.g:

logical IntQueue::IsEmpty 0
{

return  logical (Front == NUL
}

» Within thefunctiondefinition,canaccessll
the privateandpublic dataitemsandfunctions,
without having to specifythatthey areto
operateonthecurrentobject.
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Constructors and Destructors

» Constructor@reautomaticallyinvokedwhen
objectis createde.g.,whenwe declare
variableof typeIntQueuepr usenew).

» Usedto allocatememoryand/orinitialise data
values.

IntQueue::IntQueue 0

{
Front = Rear = NULL;

}

» Destructorsarecalledwhenobjectis deletedor
passesutof scope(e.g.,local varsin function,
whenfn exits).

» Usedmainlyto de-allocatenemory e.g.,could
have IntQueuedestructor:

void IntQueue::Clear 0 IntQueue::"IntQueue 0
{ t
while (! IsEmpty())  Remove(); while (1 IsEmpty())
} Remove ();
}
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Creating Objects
We cancreatevariablesof this new typein normal
way:
IntQueue  myqueue; Summary
myqueue.add(3);

But it is commonto createpointers to anobject,
either:

IntQueue
/I to IntQueue

myqueue = new queue; // Allocate = memg

/I for queue
myqueue->add(3);

delete  myqueue; /I de-allocate

Thismeansuserhasto handlememory
allocation/de-allocationsingnew/delete. but
usingpointersis moreflexible.

* myqueue; // Create pointer

1y
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Emory
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» Coursefocuseson practicalalgorithms,
particularlygraph,stringandgeometric
algorithms.

» |Importantto know standardalgorithmssocan
chooseight algorithmfor giventask.

» Mostof courseindependentf programming
languageused but Fridaysessionsvill revise
relevantC++ material.
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