
THE UNIVERSITY OF HONG KONG

FACULTY OF ENGINEERING
DEPARTMENT OF COMPUTER SCIENCE AND INFORMATION SYSTEMS

CSIS0396A Programming Methodology and Object-Oriented Programming
(for Software Engineering and Double Degree students)

Date: May 28,2001 Time: 2:30pm–5:30pm

Candidatesmay useany calculator which fulfils the following criteria: (a) it should be self-contained,silent,

battery-operatedand pocket-sized;(b) it shouldhavenumeral-displayfacilitiesonly and shouldbeusedonly for

thepurposeof calculation;(c) it shouldnot haveanyprinting device,alphanumerickeyboard,or graphicdisplay;

and (d) it shouldnot containanyrecordeddataor program. It is thecandidate’s responsibilityto ensure that the

calculatoroperatessatisfactorilyand thecandidatemustrecord thenameand typeof thecalculatoron thefront

pageof theexaminationscripts.Listsof permitted/prohibitedcalculatorswill notbemadeavailableto candidates

for reference,andtheonuswill beonthecandidateto ensurethat thecalculatorusedwill not bein violationof the

criteria listedabove.

Answer all questions in the answer book provided.

1. (Classinterfacedesign,15%)

a. Considerinheritancein the context of object-orientedprogramming.What is the
relationshipbetweena derivedclassandits baseclasses?Whataretheimplications
on theinterfaceanddatamembersof thetwo classes?

It is oftensaidthat in object-orientedprogramming,a squareis not a rectangle.Suppose
wehavethefollowing C++classRectangle:

class Rectangle{
public:

Rectangle(double w, double h): width(w), height(h) {}
virtual void scale(double x, double y) { width*= x; height*= y; }
virtual double area() { return width* height; }

private:
double width, height;

};

b. What are the problemsto definea Squareasa derived classof Rectangle?Is the
interfaceof Rectangleappropriatefor Square?Are thedatamembersof Rectangle
appropriatefor Square?

c. Suggesta betterhierarchy for SquareandRectanglewhich allows their areasto be
foundin a uniform way. Draw theclassdiagramfor your design,andwrite theC++
classinterfacesfor all classesin yourdesign.

2. (Lawof theBig Three,15%)

a. Whatis Law of theBig Threein C++?

Supposewe want to createa classRefCountedPointerto performautomaticdeallocation
of dynamicintegerobjects.Theideais asfollow: wheneverwewantto keepapointer, we
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insteadkeepa RefCountedPointertypeobject. We make surethat the integerobjectsare
deletedif andonly if noRefCountedPointerrefersto it.

A RefCountedPointerobjectcontainsa pointerto a structureRefCountedRep.Thestruc-
turecontainstherealpointerandanintegercalledcount. Whenevera RefCountedPointer
iscopied,thepointertoRefCountedRepiscopiedwith thecountincremented.Accordingly,
wheneveraRefCountPointeris destroyed,thecountis decremented,andtherealpointeris
deletedoncethecountbecomeszero. Herearethedefinitionsof theclasses:

struct RefCountedRep {
int count;
int *real_ptr;

};

class RefCountedPointer {
RefCountedRep *rep; // private

public:
RefCountedPointer(int *ptr = 0) {

if (ptr == 0)
rep = 0;

else {
rep = new RefCountedRep;
rep->count = 1;
rep->real_ptr = ptr;

}
}
~RefCountedPointer() {

if (rep == 0) return;
rep->count −= 1;
if (rep->count == 0)

delete rep;
}

// Somemoremembersneededto satisfythelaw of theBig Three…

int &GetContent() {
if (!rep) throw 0; // or somethingmoremeaningful
return *(rep->real_ptr);

}
};

b. StatetheclassinvariantsabouttheRefCountedRepobjects.

c. CompletetheRefCountPointerclass,following Law of theBig Three.

3. (Object-oriented patterns, 15%)

You areto designa file-managertypeGUI applicationthatallows usersto view files and
browsedirectories.You want to have a very flexible architecture,readingdifferentthings
like ftp sitesand tar-archivesas directories. You also want to allow usersto combine
multiple suchdirectoriesso that they areviewed asa singledirectory. Someclassesare
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alreadyavailablefor readingtar-archivesandftp sites.

Statetwo object-orienteddesignpatternsthatarerelevant to theapplication.For eachof
them,explain whereyou will usethepattern.Enumeratetheclassesin your design,and
explainhow they interactwith thehelpof relevantclassdiagrams.

4. (Separate compilation,15%)

As part of writing a Lisp interpreterwith C++,a programmerwritesthe following head-
er file LispObject.h,intendedto be referredto by othersourcefiles with “#include” di-
rectives:

class LispObject {
public:

virtual LispObject* eval(); // Evaluatetheobject
virtual void print() = 0; // Print theobject

};

class NilObject: public LispObject {
public:

void print() { cout << "()"; }
LispObject* get_car();
LispObject* get_cdr();

};

LispObject* LispObject::eval() {
return this;

}

NilObject nil_object;

Theheaderfile containsa numberof problems,andtheprogramcannotbecompiledand
linked. Find theproblems,explaineachof them,andshow how to fix them.

5. (CVS, 10%) As of April 2001, the Mozilla (the open-sourceversion of the Netscape
browser)CVStreelookslikethefollowing:

a. Notethatall thereleasesarein aCVSbranch.Why did theMozilla developmentteam
organizetheCVStreethis way, ratherthanusinga simpletagon themaintrunk for
eachrelease?

b. SupposeyouareaMozilla developer,workingtowardsMozilla 0.9in theplacemarked
as“we’rehere”in thediagramabove,with somemodificationsthatarenot readyfor
check-inyet. Now yousuddenlyneedtofix aseriousbugin Mozilla 0.8.1,with branch
tagrel-0-8-1.Explainwhatyou will do,stateCVScommandsasrelevant. Includein
youranswerhow to getbackto thedevelopmenttowardsMozilla 0.9.

6. (Error handling, 15%)

Library writersusuallyneedto communicateto thelibrary userthatanerrorhasoccurred.

a. Apart from using language-supportedexceptions,stateone other strategy of error
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handling,andcomparetheir relativemerits.

b. Thefollowing functionattemptsto convert a link list of integersto anarraysothata
fastmerge-sortcanbeapplied.However, themerge-sortroutineneedssomememory,
andif thatmemoryis not availableanexceptionis thrown. Explainwhy thefunction
is not exceptionsafe. Explainhow you canmake the functionexceptionsafewith-
out usinga try-catchblock. (Hint: usethe “resourcesacquisitionis initialization”
technique.)

struct int_list {
int data;
int_list *next;

};

void merge_sort(int[]); // May throw

void sort_list(int_list *list, int size) {
int *temp_arr = new int[size];
int_list *curr = list;
for (int i = 0; i < size; ++i) {

temp_arr[i] = curr->data;
curr = curr->next;

}
merge_sort(temp_arr);
for (int i = 0; i < size; ++i) {

curr->data = temp_arr[i];
curr = curr->next;

}
delete [] temp_arr;

}

7. (Scripting,15%)

Thisquestionis concernedwith ascriptinglanguagecalledPython.

a. Explainwhat is a Pythonextensionmodule. What canbe doneby a Pythonexten-
sion modulebut not by a Pythonscript? Is thereany otherreasonto usea Python
module?

b. Other than using a Pythonmodule,how can C and C++ codebe integratedwith
Python?Comparethestrengthsof thetwo methods.

END OF PAPER


