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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. Eachof the7questionsisworth10%,and
themarksof the3questionsyouscorethemostwill bedoubled.

1. (Compilingandlinking)

a. (6%)Therearetwo mechanismsto preventmultiple inclusionsof thesamecodeinto
theexecutableprogram:by the#ifndef/#define/#endif directives,andby theextern
linkagespecifier. Explainwhy we needtwo mechanismsratherthanjust one. Show
examplesof theirusages.

b. (4%)Whatarethetwo waysof loadingdynamiclibraries?Whatarethestepsneeded
for eachof theseusages?How to accesssymbolsdefinedin the library in eachof
theseusages?

2. (Copy-semantics)Considertheclassesin thesequenceguessingprogramof assignment2.
Theclassdiagramof a few classesis shown below:

Expression
+Clone()
+Print()
+Evaluate()
+GetChangedExpr()

NExpr
+Clone()
+Print()
+Evaluate()
+GetChangedExpr()

FactorialExpr
+Clone()
+Print()
+Evaluate()
+GetChangedExpr()
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a. (5%) Thediagramshowsthattheexpressionclassneedsdeepcopy semantics.Why?
Draw a diagramin which shallow copy semanticsis usedinstead. How doesthis
changetheabstractionof anexpressionobject?

b. (5%) Explainhow toaddcopy-on-writetotheclass.Draw thenew classdiagram.You
needa new classto keeptrackof thereferencecountof theExpression class.Write
thecopy constructorandtheGetChangedExprmemberfunctionof theclass.

3. (Inheritance and Polymorphism) ConsidertheRole-PlayingGameprogramof assignment
3,with thefollowing classdiagram:
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a. (3%) Show theclassdefinitionof theAction class.Youdon’t needto show thedefi-
nitionsof thememberfunctions(only declarationof memberfunctionsareneeded).

b. (3%) Supposeyouwanttoaddanactionthataddsanew capabilitytoanobject(rather
thanaddinganobjectto a roomin theAddObject action).Whatarethechangesyou
needin theclassdiagram?Show therelationbetweenthenew classandtheold ones.
(Youdon’t needto redraw thewholediagram.Justshow theneededchanges.)

c. (4%) Write therequiredcodeto implementpart (b), by showing theclassdefinition,
theconstructorwhichmakestheobjectfrom anistream, andthememberfunctionthat
executestheaction.

4. (Multiple Inheritance) In C++, a classcan inherit from multiple classes.Considerthe
following classes:

class TA { ... };
class TB: public TA { ... };
class TC: public TA { ... };
class TD: public TB, public TC { ... };
class TE: virtual public TA { ... };
class TF: virtual public TA { ... };
class TG: public TE, virtual public TF { ... }; // Notethevirtual!

a. (5%) Supposethat eachof the above classeshasexactly oneconstructor. All such
constructortakesthesameintegerasargument.Write theconstructorof TD, anddraw
theobjectlayoutof anobjectof thistype. Explainwhy it cannotbetreatedasanobject
of typeTA.

b. (5%) With theassumptionin part(a),write theconstructorof TG, anddraw its object
layout. Whichpartof theobjectlayoutwill appearin all derivedclassesof TG?
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5. (Generic Programming)

a. (5%) Write a templatefunctionUpCaseAll whichtakesany STL container(excluding
map)of stringsasargument,andturnsall lower-casecharactersof all stringscontained
to uppercase.Thefunctionshouldrequireonly thata forwarditeratoris defined.

b. (3%) Supposeyour programhasa list of strings,and you want to usethe above
functions. Write the codeto perform templateinstantiationfor the vector and the
templatefunction,in caseyouwantto performexplicit instantiation.

c. (2%) When will you use explicit instantiationrather than implicit instantiation?
Explainthebenefitof explicit instantiationin thiscase.

6. (Exception)

a. (6%) Whatis theoutputof thefollowing codeif youcall f(5)?Explainyouranswer.

int g(int);
int f (int i) {

try {
for (; i < 10;++i)

cout << g(i);
} catch(int n) {

cout << n << endl;
} catch(const char* c) {

cout << c << endl;
}
return i;

}
int g(int i) {

if (i >= 8)
throw 2;

if (i >= 7)
throw "Hello";

return f (i+2);
}

b. (4%) With the helpof an example,explain why exceptionhandlingcodegenerated
by thecompilerneedsto know whethera typeis thederivedtypeof anothertypeat
run-time. Whatinformationstoredin thecompiledprogramcanbeusedfor this?

7. (Scripting)

a. (5%) Write a Python function UpCaseDictthat takes one argument,which is a
dictionarycontainingkeysof stringtypemappingto otherobjects,andreturnsa new
dictionarywhich is thesameastheargument,exceptthatall lower-casecharactersof
all keys areconvertedto upper-case.(Hint: theupper functionin thestring module
convertsastringto uppercaseandreturnit.)

b. (5%) We say that Python is a reference-basedlanguage,with automaticgarbage
collection. With examples,explainwhatis meantby a reference-basedlanguageand
what is automaticgarbagecollection,and compareit with a value-basedlanguage
likeC++.
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