
CSIS0396AProgramming Methodologyand
Object Oriented Programming (ClassA)

Assignment2
Tutor:gechen@csis.hku.hk, DeadlineMar 21,2002,11:59pm.

Createa CVSrepositoryanddothefollowing two mini-projectsin it, usingtheprojectnameas
theCVSdirectoryname.Eachmini-projectshouldhave a Makefile,which mustbecreatedat
thebeginningof themini-project.We will readthehistoryrecordedin CVS,somake surethat
youstartusingCVSat thebeginningof theproject. Keepmeaningfullog messagethroughout.
HandinyourCVSrepositoryvia thehand-insystemof ourdepartment.

Be remindedto createanemptydirectory, check-outall thefilesfrom therepositoryandcheck
whetheryoucanmaketheprogramstherebeforeyouhand-in.

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

In thelecture,we have presentedthequick sortalgorithm. In thewebpage,you canfind
a simpleprogramquicksort.cc which sortsintegersusinga (hand-coded)quick-sort
implementation.Such sorting implementationcan be generalizedto different ordering
functions. TheC solutionis to passa pointerto theorderingfunctionto qsort,to beused
in placeof “<” to compareintegers.But thereis aproblem:it isdifficult for suchfunctions
to useother data(except ugly global-variables).One solution that we will usein this
assignmentis to encapsulatethe“orderingfunction” asanobject. Modify theprogramas
describedbelow:

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

• Defineanabstractclassto encapsulateorderingfunctions.

• Define derived classesof the orderingfunction classin dynamic libraries. Two
suchclasses(andthuslibraries)arerequired.One,called“sort_yx”, shouldorderthe
coordinatesfrom small to large y andthenfrom small to large x. The other, called
“sort_dist”,orderthecoordinatesfrom smallto largedistancefrom afixedpoint. The
fixedpoint shouldbereadfrom inputwhentheorderingfunctionobjectis created.

• Eachlibrary shouldexportanobject,calledfunc_record of thefollowing type:

struct TFuncRec{
char* name; // Thenameof theorderingfunction
TOrderFunc* (*getOrderFunc)(); // A functionthatreturnsanobject
TFuncRec* next; // For building a linkedlist

};

• Themainprogramshouldrepeatedlyasksfor a list of coordinates.Thenit asksfor
anorderingfunction. Theprogramthensearchin a linked list to checkwhetherthe
requestedfunctionisalreadythere.If not,it attemptsto loadit fromsharedlibrary,and
storeit in thelist. Thenit createsanew orderingfunctionobject,initialize it (possibly
causingsomequestionsto be asked to initialize the order function object),sort the
coordinates,andprint thesortedlist. Examplerun:
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>./quicksort 
Length of sequence (0 terminates program)? 2
List of coordinates x and y coordinates, separated by spaces: 2 3 4 5
Order function: sort_yx
2 3
4 5
Length of sequence (0 terminates program)? 2
List of coordinates x and y coordinates, separated by spaces: 2 3 4 5
Order function: sort_dist
Origin (x, y)? 4 4
4 5
2 3
Length of sequence (0 terminates program)? 2
List of coordinates x and y coordinates, separated by spaces: 2 3 4 5
Order function: nofunc
No such function.
Length of sequence (0 terminates program)? 0

• Write aMakefileto createtherequiredprogramsandlibraries.

• You mayassumethat the input areall of thecorrectform (e.g.,whenaskingfor an
integer, theuserwill not typethreeintegers,or anon-numericstring).

• Rememberto avoid usingany globalvariablein thisassignment.

NB:C++ actuallyhavea similar facility in the<algorithm> header. Theorderingfunction
objectis called a “Compare function”, and canbegivento the“sort” templatefunction.
Of course,theassignmentexpectyoutowriteyour implementation,ratherthancallingthat
of thestandard library.

2. (Projectguess: AdvancedOOprogramming. 70marks)

Numberguessingis onetypeof grade-schoolexercise.A sequenceof integersaregiven
to thestudent,andthestudentis to give thenext number—andexplain why hethink it is
thenext number. Youarerequiredto write a programwhichdoesthat:find the“simplest”
expressionthatmatcheswith thegivensequence.Youcanassumethatall numberscanbe
storedin aC++ int. Examplerunof theprogram:

Length of list (0 terminates the program)? 5
Input the list, separated by spaces or newline.
2 3 4 5 6
Next number is 7
Expression: (n+1)
Length of list (0 terminates the program)? 4
Input the list, separated by spaces or newline.
2 6 12 20
Next number is 30
Expression: ((n*n)+n)
Length of list (0 terminates the program)? 0

To makethingseasier, expressionsarelimited to:

• n, which is thepositionwithin thesequence.

• 1, which is always1.
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• (<Expr1><binop><Expr2>), whereExpr1 and Expr2 are two expressions,and
binop is oneof +, - and*, andperformsthecorrespondingarithmeticcomputation.

• (<Expr1>!), whichperformsfactorialcomputations.Youcanassumethatfactorials
of nomorethan10will everberequired.Factorialof negativenumbersreturn0.

• -<Expr>, which is thenegationof theexpressionExpr.

What is meant by “simple” ? The complexity of an expressionis definedby the total
numberof operationsandthenumberof theconstant“1” in theexpression.An expression
is simpler if it has lesscomplexity. You can use the following algorithm to look for
theanswer:

void Search(TSequence &seq) {
create a queue of expressions;
insert the expression "n" into the expression
while (queue is not empty) {

deque an expression exp
if (exp is consistent with seq) {

print the next number and the expression
deque the whole queue

} else{
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;

}
}

}
}

Representtheexpressionasanobject.E.g.,thesecondexpressionin theexamplerunabove
is representedby anadditionobject,whichcontainsonemultiplicationobjectandone“N”
object. Themultiplicationobjectin turncontainstwo “N” objects.Thefollowing member
functionswill beuseful:

• Constructor, copy constructoranddestructor. Usedeepcopying semantics.It is upto
youto choosewhetherto usecopy-on-write.

• Print. Eachexpressionshouldbeabletoprint itself. Dependingonthetypeof objects,
thismight involvecallingprint to someinnerexpression.

• Evaluate. Eachexpressionshouldbe able to evaluateitself, given an integer (the
positionof thesequence).

• Clone.Theremustbeawaytoreplicateanexpressionobjectwithoutknowingthetype
of theobject. This is doneby cloning. Thecodeshouldessentiallyjust call thecopy
constructor, but sincethis is a memberfunction(not a constructor),dynamicbinding
is allowed.

• GetChangedExpr. This implementsthe“modify exp a bit” in thealgorithmabove. It
returnsa new expressionin whichoneof the N objectsis changedto anotherobject.
Whenthefunctionis executedmultiple times,successive differentN objectswill be
modifiedto eachpossibletypeof expressions.E.g.,for thesecondexpressionabove,
thefirst call returnstheexpression(1 ∗ n) + n, thesecondcall returns((n + n) ∗ n) + n,
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thethird ((n − n) ∗ n) + n, andsoon,until all differentoperationsof thefirst n is tried,
andthenit shouldstartmodifyingthesecondobjectandgives(n ∗ (1)) + n, etc. When
everyexpressionis tried,thefunctionreturnsanull pointer.

Note: the implementationshouldbe easy. An N objectwill storean integer which
is thenext operationto bereturnedby GetChangedExpr. A constantobjectcannotbe
changed.A unaryobjectcanbechangedby recursively changingits operand.And a
binaryobjectwill storea numberwhichsignify whetherthenext operationto change
is in theleft or theright operand.Thetotalnumberof linesinvolvedshouldbearound
10–15,spreadamongdifferent classes.If you find it more complicated,probably
you’vegot thewrongidea.

Requirements:

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

• Eachotherderivedclassof expressionshouldbeimplementedin aseparatedfile, and
shouldonly dependon thefeaturesof theabovefile.

• A list of possiblereplacementsof theN objectduringa“GetChanged”functionshould
begivento theN classin themainfunction. Thislist shouldcontainsa1-object,a“+”
object,a“-” object,a“*” object,a“!” objectanda“-” object.Theoperandsof all these
objectsshouldbeN objects.

• Write aMakefileto compiletherequiredobjectfilesandprograms.

• You mayassumethat the input areall of thecorrectform (e.g.,whenaskingfor an
integer, theuserwill not typethreeintegers,or anon-numericstring).

Hint:Yourprogramcaneasilyeatupalot of memory. If youarenotcarefulyoucaneasily
freezeyour computerfor a long time beforethecomputerdecidesthat theprogramuses
up too muchspaceandkill it for you. Soit is advisableto limit thememoryusageof the
program,e.g.,by running

ulimit -v 40960

to limit the memorysizeof your programto 40M. Also, rememberto free all storage
you have allocatedonceyou don’t needit: theprogrammight beexecutedfor a lot of ex-
pressions,andgarbagescreatedby theprogramwill make it impossibleto guesslaterex-
pressions.

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


