
GrundlæggendeProgrammering IT-C, Forår 2001

Written examin
Intr oductory Programming

IT Universityof Copenhagen,June11,2001
Englishversion

All materialsarepermittedduring theexam,exceptcomputers.

Theexamquestionsmustbe answered in writing within four hours. Theanswers will be gradedusingthe Danish
‘13-grade’scale.

Thereare threemainquestions,all of which shouldbeanswered.
Question1 counts25 %, question2 counts35%, andquestion3 counts40 %.

Your answers mayuseclassesor methodsfromthetextbook,thelecture notes,andthelectureslides.You do not need
to copythemto youranswers,but youmustgivea precisereference, statingsection,pagenumberetc.

Eksamensspørgsmålenefindesogsåpå dansk(på separate ark). Theexamquestionsare availablealso in Danish
(separately).

You are advisedto readall thequestionsbeforeyoustart answeringanyof them.
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Question1 (25%)

Question1.1

Show whatis printedwhenthisJava programis run:

class opg1_1 {
public static void main(String[] args) {

int sum = 0;
for (int i = 4; i >= 1; i=i-1) {

sum = sum + 2*i;
System.out.println(sum);

}
}

}

Question1.2

Show whatis printedwhenthisJava programis run:

class opg1_2 {
public static void main(String[] args) {

int sum = 0;
for (int i = 0; i < 6; i=i+1) {

for (int j = 2; j < i; j=j+1) {
sum = sum + j;

}
System.out.println(sum);

}
}

}

Question1.3

Write a Java methodstatic void linie(int m, int s) which prints a single line containingmspaces
followedby s asterisks,followedby a newline.

For instance,executingthetwo methodcalls linie(1, 3) andlinie(0, 5) shouldproducethefollowing
printout:

***
*****

Question1.4

Write a Java methodstatic void diamant(int n) which printsa diamondof asterisks.Thediamondmust
consistof 2*n+1 lines,andthelongestline mustcontain2*n+1 asterisks.

For instance,themethodcall stjerne(2) shouldprint a diamondconsistingof 2*2+1 = 5 lines,asfollows:

*
***

*****
***

*
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Question2 (35%)

Thisquestionconcernsaprogramfor modellingaregisterof dwellings.Thereareseveraldifferentkindsof dwellings,
modelledby thisclasshierarchy:

Bolig

Ejerbolig

Ejerlejlighed Villa

Lejelejlighed

ThusLejelejlighed(rentedapartment)andEjerbolig (owneddwelling) aresubclassesof the classBolig (dwelling),
andEjerlejlighed(ownedapartment)andVilla (villa) aresubclassesof Ejerbolig(owneddwelling).

TheclassBolig (dwelling) is definedlike this (where‘areal’ meansarea,and‘kommune’meansmunicipality):

class Bolig {
int areal;
String kommune;

Bolig(int areal, String kommune) {
this.areal = areal; this.kommune = kommune;

}

public void print_info() {
System.out.println("areal: " + areal);
System.out.println("kommune: " + kommune);

}
}

Question2.1

An owneddwelling (‘ejerbolig’) is a dwelling thathasa cashprice(‘kontantpris’)which is aninteger, anda monthly
netpayment(‘nettohusleje’)which is aninteger. Write theclassEjerboligasasubclassof Bolig. Theclassmusthave
a constructorthat initializes all the fields (area,municipality, cashprice,net payment).The methodprint_info
from thesuperclassBolig mustbeoverriddensothatthemethodprintsnotonly theareaandmunicipality, but alsothe
cashpriceandnetpayment.

Question2.2

An ownedapartment(‘ejerlejlighed’) is anowneddwelling (‘ejerbolig’) thatmayhave a lift (‘elevator’), denotedby
thevalueof a booleanfield elevator , which is true if thereis a lift, andfalse otherwise.Write theclassEjer-
lejlighedasa subclassof Ejerbolig.Theclassmusthavea constructorthatinitializesall thefields(area,municipality,
cashprice,netpayment,elevator).Overridethemethodprint_info sothatall fieldsgetprinted.

Question2.3

A rentedapartment(‘lejelejlighed’) is a dwelling (‘bolig’) thathasa monthlyrent(‘husleje’) which is aninteger, and
thatmayhave a lift (‘elevator’) denotedby thevalueof a booleanfield elevator . Write theclassLejelejlighedas
a subclassof Bolig. Theclassmusthave constructorthat initializesall the fields (area,municipality, rent,elevator).
Overridethemethodprint_info sothatall fieldsgetprinted.
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Question2.4

Considerthe following skeletonof a programwhosemain methodcreatesa registerof dwellings(‘boligregister’)
with four dwellings:

class Boligopgave {
public static void main(String[] args) {

Bolig bb = new Bolig(120, "København");
Villa bv = new Villa(200, "Gentofte", 3000000, 20000, 800);
Ejerlejlighed be = new Ejerlejlighed(100, "Århus", 2000000, 12000, false);
Lejelejlighed bl = new Lejelejlighed(65, "Odense", 2500, false);

Bolig[] boligregister = {bb,bv,be,bl};

// Print whether dwelling number 3 has a lift // pp1
// Print information about all dwellings in boligregister // pp2
// Count and print number of owned dwellings in boligregister // pp3

}
}

At programpoint pp1 above,onewishesto print whetherdwelling number3, that is, boligregister[3] , hasa
lift (‘elevator’) or not. Notethatboligregister[3] refersto anobjectof classLejelejlighed,andthatthatobject
hasanelevator field. Herearetwo proposalspp1a andpp1b for statementsto beusedat programpoint pp1 :

System.out.println("boligregister[3].e levat or: " + // pp1a
boligregister[3].elevator);

System.out.println("boligregister[3].e levat or: " +
((Lejelejlighed)boligregister[3]).e levat or); // pp1b

Which one(s)of theaboveproposalspp1a andpp1b would beacceptedby theJava compilerif insertedat program
pointpp1? Briefly givea reasonfor youranswer.

Question2.5

Add someprogramtext at programpointpp2 to print out informationaboutall dwellingsin theregister.

Question2.6

Add someprogramtext at programpointpp3 to countandprint thenumberof owneddwellingsin theregister.
Hint: UseJava’sbuilt-in operatorinstanceof . Theexpression(e instanceof K) is true if theobjecte

belongsto classK or a subclassof K, andotherwisetheexpressionis false . Example:whenbv refersto anobject
of classVilla, thentheexpressions(bv instanceof Villa) and(bv instanceof Ejerbolig) and
(bv instanceof Bolig) areall true , but (bv instanceof Lejelejlighed) is false .

Question2.7

An apartment(‘lejlighed’) is a dwelling that hasan area(‘areal’) which is an integer, a municipality (‘kommune’),
which is aString,andpossiblya lift (‘elevator’), indicatedby aboolean.

Write a Java interfaceLejlighedthatdescribesthemethodsget_areal , get_kommune , get_elevator ,
andprint_info . Modify theclassesLejelejlighedandEjerlejlighedsothatthey implementtheinterfaceLejlighed.
You needonly show thechangesrelative to theearlieranswers,andit sufficesto show it for oneof thetwo classes.

Question2.8

Giventheabovechangesit makessenseto extendtheabovemain methods(afterpp3 ) with adeclarationof avariable
lejlighedsregister (apartmentregister),whichis anarraywhoseelementsareof typeLejlighed.For instance:

Lejlighed[] lejlighedsregister = {be,bl};

Show how the main methodcanbe extendedto find andprint informationaboutthe apartment(object) in suchan
arraylejlighedsregister thathasthelargestarea.
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Question3 (40%)

A roaddistancetablemaybeusedto givethedistancesbetweensometownsonSjælland.To simplify theprogramming
of distancetables,weassignnumbers0, 1, . . . to thetowns.Thenwemaygeta distancetablelike this:

Town Number
København 0
Køge 1
Hillerød 2
Vordingborg 3
Slagelse 4
Hundested 5
Kalundborg 6

0
1 42 1
2 41 72 2
3 97 60 128 3
4 92 56 97 64 4
5 67 80 34 136 106 5
6 103 85 99 100 37 108

Thedistancefrom Slagelse(town number4) to Køge(town number1) is foundby lookingup row number4 andthen
columnnumber1, whereweseethatthedistanceis 56km.

ThesequestionsconcernaJavaclassAfstandsTabel(distancetable),thatcontainsthenamesof sometowns(‘byer’)
andthecorrespondingdistancetable.

To begin with, we assumethat theclassAfstandsTabelhasa methodint afstand(int by1, int by2)
which returnsthe distance(‘afstand’) betweenthe towns by1 andby2 . For instance,the call afstand(4, 1)
returnsthedistancebetweenSlagelseandKøge.Themethodafstand will alsoreturnthedistancebetweenSlagelse
andKøgewhencalledasafstand(1, 4) . Thatis, theorderof thetwo townsis immaterial.

Moreover, we assumethat theclasshasa methodbynummer (town number),which giventhenamebynavn of
a town returnsits number. Themethodmustbedeclaredasint bynummer(String bynavn) .

Question3.1

Write a methodrutelængde (route length), which takes as argumenta route (an array of town numbers),and
computesthelengthof a journey throughthesetowns(in thegivenorder).For instance,it maybecalledasfollows:

int[] minRute = {0, 1, 4, 6}; // København, Køge, Slagelse, Kalundborg
int længde = rutelængde(minRute);

Youshouldwrite amethodwith thedeclarationint rutelængde(int[] byer) . If calledwith aroute(anarray
of town numbers)with 0 or 1 elements,it mustreturn0 km. Themethodmustusethemethodafstand mentioned
above.

Question3.2

Write a new versionof methodrutelængde that takesasargumentan arrayof town names.It shouldhave this
declaration:int rutelængde(String[] byer) . Youmayusethemethodbynummer mentionedabove.You
mayalsousethemethodrutelængde from Question3.1,evenif youhavenot answeredthatquestion.

Question3.3

Assumenow that the methodbynummer throws an exceptionof classUkendtBy (unknown town) if asked for a
town that is not in thedistancetable. Thusthemethodmustbedeclaredas int bynummer(String bynavn)
throws UkendtBy . Thisquestionis not aboutwriting themethodbynummer or declaringtheclassUkendtBy.

Rewrite the methodrutelængde from Question3.2 so that is catchesthe exceptionandreturns �
�

(that is,
minusone)astheroutelengthif thereis anunknown town in theroute. If you have not answeredQuestion3.2, just
indicateby a commentwherein youransweryou wouldusetheanswerto Question3.2.
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Question3.4

Write the declarationclass Afstandstabel { ... } of classAfstandstabelitself, but includeonly the fol-
lowing aspectsof theclass:

� Theclassmusthavethis constructor:

AfstandsTabel(String[] byNavne){
antalByer = byNavne.length;
afstande = new int[antalByer][];
for (int i=1; i<antalByer; i=i+1)

afstande[i] = new int[i];
byer = byNavne;

}

Youmustgivecorrectdeclarationsof thethreefieldsantalByer (numberof towns),afstande (distances),
andbyer (towns),sothattheaboveconstructorcanbecompiledandworks.

� You mustwrite a methodvoid sætAfstand(int by1, int by2, int afst) , that insertsthedis-
tanceafst betweenthe two towns by1 andby2 in the arrayafstande . Imaginethat a seriesof calls to
this methodis usedto fill in thedistancetable. Themethodshouldnot insertanything whenby1 equalsby2
(becausein this casethedistanceis zero,andthereis no needto storeit in thetable).

� Write themethodint afstand(int by1, int by2) describedin theintroductionto Question3.

Question3.5

Write themethodint bynummer(String bynavn) , describedin theintroductionto Question3, whichgivena
town namebynavn returnsthetown number. Themethodmustbelongto classAfstandsTabelandmustusethearray
byer in theclass.It is immaterialwhathappenswhenthegiventown nameis not found. (Thusthemethodneednot
throw exceptionUkendtByasassumedin Question3.3).

Question3.6

Add a methodfindNærmeste to classAfstandsTabel to find the nearestneighbourtown for a given town. For
instance,Hundested’s nearestneighbouris Hillerød, so thecall findNærmeste(5) shouldreturn2. Themethod
musthave this declaration:int findNærmeste(int by) , andmustreturnthe numberof the town closestto
town numberby .
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