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Overview

Let’sstartwithaveryquickaccountofwhatyoumayhavelearntso

farinpreviousAlgorithmiccourses(COMP108,COMP202,

COMP209).

1.Modelsofcomputation(RandomAccessMachines,

Pseudo-code).Non-determinismmighthavebeenmentioned.

2.Complexitymeasurehasalwaysbeen”time”andonlyarough

classificationoftractable/possibly-intractablewasconsidered:

therelationshipbetweenPvs.NP(-complete).

3.Algorithmparadigms:divideandconquer,greedy,dynamic

programming.

4.Algorithmsforvariousproblems:searchingandsorting,various

graphalgorithms.
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Inthismodule(1)

Moreexamplesoftwoimportantdesignparadigms:

1.Greedyalgorithms(CLRchap17):ActivitySelection.

Why/whendoesitwork?

2.Dynamicprogramming(CLRchap16):Matrix-chain

multiplication.Why/whendoesitwork?

Thiswillgiveamorecomprehensiveviewontheprocessof

algorithmdesign.
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Inthismodule(2)

Investigationof2importantproblemareas:

1.Stringalgorithms(CLRchap34+17.3):fromthebrute-force

algorithmtoKnuth-Morris-Prattlineartimealgorithm.Text

compressionthroughHuffmancodes(exampleofwinning

greedyheuristic)andLempel-Zivencodingscheme.

2.Matchingsingraphs:Maximummatchingintrees(optimal

greedysolution);Bipartitemaximummatching(useflowor

don’tuseflow,theHungarianmethod);Maximummatchingin

generalgraphs.
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Inthismodule(3)

Complexitytheory.

InCOMP202youmainlylookedatTIME...andyougotinto

troubleswiththeP
� �NPquestion.

ThistimewefocusonSPACE(inotherwordscomputermemory).

Wewillprovethat

PSPACE=NPSPACE

(i.e.ifweusedSpaceinsteadofTimewewouldn’thavetoworry

aboutnon-determinism)Savitchalgorithm.

Wewillalsogo”beyond”thePvsNPquestion,talkingabout

approximationalgorithmsforoptimisationproblems(definitions+

problems:scheduling/binpacking,knapsack,vertexcover).

5

MainIssues:Efficiency

Whatisagood(orefficient)program?

Non-trivialquestion.Wewillgivetechniquestodesign“good”algorithms.

Sometimesthisprocessiscomplicatedandweneedtouseourbrainto

improveonasimpler,butinefficientsolution.
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MainIssues:Mathematics

CanwereallydoitwithoutMathematics?

Mathematicsisnottoogoodatanalysinghumanprocessesoranythingthat

cannoteasilybecodedasasequenceofsymbols.

Howeverourprogramsdealwithfinitestructuresthatareprocessedin

prescribedways.Mathematicsisslightlymoreusefulwiththissituation.

Wewillseecaseswherewewillwanttoassert“thisprogramisgood”!Often

Mathematicswillgiveuswaystodoso.

WewillalsoseecaseswheretheMathematicalanswerisweak,andagood

programmermaydeviseasolutionthatisbetterinpractice.

So,bepreparedtofaceanddigestsomeMathematics.
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Pseudocodeconventions

Wewilldescribealgorithmsusingpseudo-code.

�Assignmentswillhavetheform���(���referstothe

comparisonbetween�and�).
�Sometimeselementaryinstructionswillbeexpressedinnatural

language(forinstance“sortthearray�inincreasingorder”will

beanelementaryinstructions).

�if-else,for,andwhilecontrolstructureswillbeusedfor

selectionstatementsandloops.

�Theinstructionreturn�returns(i.e.“prints”)thevalueof�and

exitsfromtheprogramexecution.

�Indentationwillindicateblockstructure.
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�(Unlessotherwisestated)variableswillbelocaltothegiven

procedure.

�Arraysaredenotedby����,butalso�������.length���denotes

thenumberofelementsofthearray�.

�Parametersarealwayspassedbyvalue.

Moreconventionsaswemeetthem.
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DOTAKENOTES!!Itisareal-timerevisionexercise.

Slidesaredryinsomecases,tooextendedinothers(they

shouldbewellcommented).
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Problems

Mostcomputationalproblemscanbeviewedastheseekingof

informationaboutarelationshipbetweendifferentsetsofdata

(instancesandsolutions).

Examples.Booleanfunctionsandsatisfyingassignments.Aweb

search.Yourmodulesettingsandyourexamresults.

Inthisviewadecisionproblem(alsoknownasexistenceproblem)

answersthefollowingquestion:

Isthereanysolutionforthegiveninstance?

Anothertypeofdecisionproblem(whichwillbereferredtoasthe

membershipproblem)answersthequestion:

Issomesetofdata�asolutionforthegiveninstance?
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Severalothertypesofproblemsaredefinableinthissetting.

1.aconstructionproblem(orsearchproblem)aimsatexhibiting

(i.e.producingasoutput)asolutionforthegiveninstance;ifwe

areinterestedinthelistofALLsolutionswearedealingwitha

listingproblem.

2.wemayalsoassociateacost,anumericalfunction,toeverypair

�	�
��(probleminstance,possiblesolution);anoptimisation

problemaimsatfindingoneofthesolutionsforwhichthecostis

optimised(e.g.maximised/minimised),forthegiveninstance;

3.acountingproblem,aimsatfindingthenumberofsolutions

associatedwiththegiveninstance.
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Example1

Abooleanformulaisanexpressionlike
����������������	����
��
���

builtupfromtheelements��calledpropositionalvariables,afinite

setofconnectives(usuallyincluding�,�and�)andthebrackets.

Ifvariablesareassignedoneofthe(truth-)valuestrueorfalseand

connectivesareinterpretedintheusualwaytheneachformulacanbe

thoughtofasasimplemachineproducingtrueorfalsedependingon

thevaluesgiventothevariables.

Inthissetting,SATisthewellknownproblemofdecidingwhethera

propositionalbooleanformula(liketheoneabove)admitsan

assignmentoftruth-valuestoallvariablessuchthatthevalue

producedbytheformulaisTRUE.

13

Reviewquestions

1.Defineanaturalcountingproblemassociatedwithboolean

formulae.

2.Defineamaximizationproblemassociatedwithboolean

formulae.
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Example2

Let
beastringoftextrepresentingaquery(e.g.
�“Efficient

algorithms”or“Liverpoolplayers”)and�����
 ��
����bethe

collectionofallwebpagesindexedbyaparticularsearchengine.

Thewebsearchproblem�

��isthatofretrievingallwebpages

��containingthestring
.

Itisalistingproblem.
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