CSIS0396AProgramming Methodology and
Object Oriented Programming (ClassA)
Assignment2

Tutor.gechen@si s. hku. hk, DeadlineMar 21,2002,11:59pm.

Createa CVSrepositoryanddo thefollowing two mini-projectsn it, usingthe projectnameas
the CVSdirectoryname. Eachmini-projectshouldhave a Makefile, which mustbe createdat

thebeginningof the mini-project.We will readthe historyrecordedn CVS, somake surethat

you startusingCVSat thebeginningof the project. Keepmeaningfulog messagéhroughout.
Handinyour CVSrepositoryvia the hand-insystemof our department.

Be remindedo createanemptydirectory check-outall thefiles from therepositoryandcheck
whetheryou canmake the programsherebeforeyou hand-in.

1. (Projectsort: Classessa “better functionpointer”. 30 marks)

In the lecture we have presentedhe quick sortalgorithm. In theweb page you canfind
a simple programqui cksor t . cc which sortsintegersusinga (hand-codedyjuick-sort
implementation Such sorting implementationcan be generalizedto different ordering
functions. The C solutionis to passa pointerto the orderingfunctionto gsort,to be used
in placeof “<” to comparéntegers. But thereis a problemit is difficult for suchfunctions
to useother data (except ugly global-variables). One solution that we will usein this
assignmenis to encapsulatéhe “orderingfunction” asanobject. Modify the programas
describedelow:

Your programshouldsortcoordinates i.e., pairs of floating point numbers, rather
thanintegers.

Defineanabstractlassto encapsulateorderingfunctions.

Define derived classesof the orderingfunction classin dynamic libraries. Two
suchclassegandthuslibraries)arerequired.One,called“sort_yx”, shouldorderthe
coordinategrom smallto largey andthenfrom smallto large x. The other, called
“sort_dist”,orderthecoordinate$rom smallto largedistancérom afixedpoint. The
fixedpointshouldbereadfrom inputwhenthe orderingfunctionobjectis created.

Eachlibrary shouldexportanobject,calledfunc_iecod of thefollowing type:

struct TFuncRed
charx name /l Thenameof theorderingfunction
TOrderFune (xrgetOderFung();  // A functionthatreturnsanobject
TFuncRee€ next; // For building alinkedlist

2

The main programshouldrepeatedlyasksfor a list of coordinatesThenit asksfor
anorderingfunction. The programthensearchn alinkedlist to checkwhetherthe
requestedunctionisalreadythere.If not,it attemptgoloadit from sharedibrary,and
storeit in thelist. Thenit creates new orderingfunctionobject,initialize it (possibly
causingsomequestiongo be asled to initialize the orderfunction object),sort the
coordinatesandprint thesortedlist. Examplerun:



>,/ qui cksort

Length of sequence (0 term nates program? 2

Li st of coordinates x and y coordi nates, separated by spaces: 2 3 4 5
Order function: sort_yx

23

45

Lengt h of sequence (O term nates progran)? 2

Li st of coordinates x and y coordinates, separated by spaces: 2 3 4 5
Order function: sort_dist

Oigin (x, y)? 4 4

45

23

Lengt h of sequence (O term nates progran)? 2

Li st of coordinates x and y coordinates, separated by spaces: 2 3 4 5
Order function: nofunc

No such function

Lengt h of sequence (O termnminates program? O

*  Write aMakefileto createtherequiredprogramsandlibraries.

* Youmayassumehatthe input areall of the correctform (e.g.,whenaskingfor an
integer, theuserwill nottypethreeintegers,or anon-numericstring).

« Remembeto avoid usingary globalvariablein thisassignment.

NB: C++ actuallyhavea similar facility in the<algorithn> header Theorderingfunction
objectis called a “Compare function”, and can be givento the “sort” templatefunction.
Of coursetheassignmengxpectyouto write yourimplementatiorratherthancalling that
of thestandad library.

(Projectguess: AdvancedOO programming 70 marks)

Numberguessings onetype of grade-schooxercise. A sequencef integersaregiven
to the studentandthe studentis to give the next number—andxplain why hethink it is
thenext number You arerequiredto write a programwhich doesthat:find the “simplest”
expressiorthatmatchesith thegivensequenceYou canassumehatall numbersanbe
storedin aC++int. Examplerunof theprogram:

Length of list (O ternminates the progran)? 5
Input the list, separated by spaces or new ine.
23456

Next nunber is 7

Expressi on: (n+1)

Length of list (O terminates the program? 4
Input the list, separated by spaces or newine.
2 6 12 20

Next nunber is 30

Expression: ((n*n)+n)

Length of list (O termnates the program? 0

To make thingseasierexpressiongrelimited to:

. n, whichis the positionwithin thesequence.

. 1, whichis alwaysl1.



-3-
( <Expr 1><bi nop><Expr 2>) , where Exprl and Expr2 are two expressionsand
binopisoneof +,- and*, andperformsthe correspondingrithmeticcomputation.

(<Expr 1>!') ,whichperformdactorialcomputations.Youcanassumehatfactorials
of nomorethan10will everberequiredFactorialof negative numbergeturnO.

- <Expr >, whichis thenegationof theexpressiorExpr.

What is meant by “simple” ? The complexity of an expressionis definedby the total

numberof operationandthenumberof theconstant1” in theexpression.An expression
Is simplerif it haslesscompleity. You can usethe following algorithm to look for

theanswer:

void Search(TSequence & seq) {
create a queue of expressions,
insert the expression "n" into the expression
while (queueis not empty) {
deque an expression exp
if (expisconsistent with seq) {
print the next number and the expression
deque the whole queue
} elsef{
next = result of modifying exp a bit; // (seebelow)
while (next != no more expression) {
insert next into the queue
next = result of modifying exp a bit;

Representheexpressiorasanobject. E.g. thesecondxpressiornn theexamplerunabove
is representelly anadditionobject,which containsonemultiplicationobjectandone“N”
object. Themultiplicationobjectin turn containgwo “N” objects.Thefollowing member
functionswill beuseful:

Constructorcopy constructoanddestructor Usedeepcopying semanticslt isupto
youto choosevhetherto usecopy-on-write.

Print. Eachexpressiorshouldbeableto printitself. Dependingnthetypeof objects,
thismightinvolve calling print to someinnerexpression.

Evaluate. Eachexpressionshould be able to evaluateitself, given an integer (the
positionof thesequence).

Clone. Theremustbeawaytoreplicateanexpressiorobjectwithoutknowingthetype
of theobject. Thisis doneby cloning. The codeshouldessentiallyjust call the copy
constructorbut sincethisis amemberfunction (not a constructor)dynamicbhinding
is allowed.

GetChangedExpfThisimplementghe“modify exp abit” in thealgorithmabove. It
returnsa new expressionin which oneof the N objectsis changedo anotherobject.
Whenthe functionis executedmultiple times,successie differentN objectswill be
modifiedto eachpossibletype of expressionsE.g.,for thesecondexpressiorabove,
thefirst call returnstheexpressiorn(1 0n) + n, thesecondtall returng(n + n) 0n) + n,
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thethird ((n — n) On) + n,andsoon, until all differentoperation®f thefirst nistried,
andthenit shouldstartmodifyingthesecondbjectandgives(n [J(2)) + n, etc. When
every expressions tried,thefunctionreturnsa null pointer

Note: the implementatiorshouldbe easy An N objectwill storean integerwhich

is the next operationto bereturnedoy GetChangedExpA constanbbjectcannotbe

changed.A unaryobjectcanbechangedy recursvely changingts operand.And a

binaryobjectwill storea numberwhich signify whetherthe next operatiorto change
isin theleft or theright operand.Thetotalnumberof linesinvolvedshouldbearound
10-15,spreadamongdifferent classes.If you find it more complicatedprobably
you've gotthewrongidea.

Requirements:

One sourcefile must be usedsolely to definean abstractexpressionclasswith a
concreteN class.

Eachotherderivedclassof expressiorshouldbeimplementedn aseparatedile, and
shouldonly dependnthefeaturesf theabovefile.

A list of possibleeplacementsf theN objectduringa“GetChangedfunctionshould
begiventotheN classn themainfunction. Thislist shouldcontainsa 1-objecta“+”
objecta”-" objecta“” objecta“!” objectanda“-" object. Theoperandsf all these
objectsshouldbeN objects.

Write a Makefile to compiletherequiredobjectfilesandprograms.

You may assumehattheinput areall of the correctform (e.g.,whenaskingfor an
integer, theuserwill nottypethreeintegers,or anon-numerictring).

Hint: Yourprogramcaneasilyeatupalot of memory If youarenotcarefulyoucaneasily
freezeyour computerfor a long time beforethe computerdecideghatthe programuses
up too muchspaceandkill it for you. Soit is advisablego limit the memoryusageof the
programeg.g.,by running

ulimt -v 40960

to limit the memorysize of your programto 40M. Also, remembetto free all storage
you have allocatedonceyou don't needit: the programmight be executedfor a lot of ex-
pressionsandgarbagesreatedoy the programwill make it impossibleto guesdater ex-
pressions.

Instruction to hand-in the repository: changedirectory to the repository (not working
directory!),andtype“t ar czvf ~/a2.tgz sort guess”. Thenhand-inthefile a2.tgz in
your homedirectory



